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EXECUTIVE SUMMARY

I FEATFT2NYALF Q&3 RI ANE tbaNditRozOH, Stdite, AdtNdhtdhaBoSomied Iy A FA O
They generate 20% of US n{(iBOFA, 2016%9.4 billion in revenue , and 30,000-tarm jobs
(Sumneretal., 2018 dE: 2F [/ FEAF2NYAlI Qa RIFEANE O2d6a | NB
(CDFA, 2016and tle milk produced by these cows generates substantial economic benefit to a

region suffering from high unemployment and poveftyC ANR Committee of Experts, 2006;

US Census Bureau, 2018) the same timethe manure generated by theseore than 1.5

million cows producssignificant environmental impacte air, water, and climate Thus,

identifying and supportingconomically viablsolutions for improved manure management is

essential toensure the health of the environment, people, and economghaSanbaquin

Valley.

Findings

In this study, we have examined bestailable information on tharray ofenvironmental

impacts and benefits of manure compost and, more importantly, the interrelationstiween
those impacts. We found that dairy manure compog has the potential to reduce water

guality impacts, improve soils, and redugeeenhouse gasmissions from dairies with
comparatively minimal impacts to local air qualiBairy manure compost's portability gives it

the potential to disperse nutrientoncentrationdurther distances than manure. While further
research is needed to better quantify these impacts, California need not wait to take proactive
steps to promote dairy composthen itsbenefits are clear. Specifically, production of compost
for export of manureoff dairies appears to be a clear win.

Several key barriers have hinderdde production and sale ahanure composand need to be
addressed so the practice can Wé&ely adopted The inconsistency, complexity, and lack of
clarity ofregulationshas been one of the primary barriers to compost productionsome
casespermitting requirements are simply unclear. In other casks,regulationsare based on
limited and/orincompletedata and coulgrohibit better environmental outcomes. larder to
establish effective regulatory and incentive programs, there is a critical need to conduct
Californiabased research on the magnitude of the impacts of manure compost relative to
currentmanure managemenpractices.

The airrent regulatory approah alsodoes notappropriately consider the net impacts from
composting dairy manure across water quality, air quality, and greenhouse Jésesiloed
approach to managing pollutants on dairies results in lost opportunities to address the most
pressingenvironmental impacts of manure and could actually lead to negative environmental
outcomes at a regional scale.

Fortunately achieving the environmental benefits of manure compost is witeacth,asthe
market for manure compost seems ripe for growid@mand forcompostis robustand



expected to increase, particulariy rural agricultural regions of the stat@here supplyof
municipal compost can be scarddanure compost can help fill thaipplydemandgap,but
agricultural producers need thetustonersto support themusing manurecompost. There is
also significanbpportunity to increase the supply of manure compd3tiries are increasingly
interested in composting their manurand producing manureompostseemseconomically
viablefor many dairis. However, theyneed regulations and permitting requirements that are
supportive of manure compogtroduction.Tablel below summarizesur key report findings.

Conclusion and Recommendations

Based on our reseah, compost appears to be an economically viable option that enables
dairies to reduce their most significant environmental risks. Howevehave identifiecsome
barriersthat are impeding the production and sale of compost. We believe thiagdted, short-
term efforts by state and local government agendieaddress these barriesanenable the
market to emerge and grow on its own. We recommeinel followingspecific actions that can
be taken by government and associated entities to improve the sejgegulatory regime, and
market for manure composting while supporting state policies to improve soils and reduce
greenhouse gasseBoing so will help catalyze the market for manure compost, resulting
multiple environmental, social, and economic batefmany of which will be realized in the
San Joaquin Valley

1. Researchlnitiate comprehensive Californidased research comparinggiry manure
composting to existing manure management practices in order to quantify the magnitude
of impacts across envimmmental media.

The available research indicatiggt composting manure isnvironmentally beneficial
overall ®@mposting generatesignificant benefits to water quality and methagdoy far the
two greatest environmental impacts of dairy manure managengeandrelatively minimal
increase imir quality impactssome of which can be easily mitigat@te researciwe
found was primarily conducted outside of California andstardiednon-manurecompost
feedstocks. While the relative impacts seem clear for npedlutants(the exception being
volatile organic compoundsit is not possible to make definitive conclusions about the
magnitude of the impacts due to the lack of comprehensive Califdrvag®ed research.

Therefore, we advocate for fielscale reseattin the Central Valley to quantify the

magnitude of environmental impacts and tradeoffs of production and application of manure
compost. This research must be comprehengsineludingall of the following(1)it must
comparedairy manurecomposting to esting manure management practicg®) it must

look across multiple air, water, argteenhouse gapollutants; and(3) it must measure the

full life cycle e.g. collection, storage/processing, and use (typically land application). The
results of this resarch will help shape more scienrbased policy and may enable more
crossagency collaborative approaches to regulating environmental impaltgh of which
would lead to better environmental outcomes.



2. Reqgulatory Amendair quality, water quality, and wate regulations so that they are clear,
sciencebased, and reflect the net environmental impacts of composting dairy manure.

a.

The @&n Joaquin Valley Air Pollution Control Distsicould create clear and science
based Bst AvailableControl TechnologyGuiddines for new or expanded
compostng on dairies.

TheCentral ValleyRegionalWater Quality Control Board should consider compliance
with the existingrequirements of the Dairy €éheralOrder as constituting

compliance with the siting guirements of the nes Compost General Order
CalRecycle should provide clear guidatacensure Local Enforcement Agencies are
consistent in how theynterpret and assess compliance with thetification tiersof
the Agricultural Material Composting Operatioasd Green Mateiral Composting
Operations

The California Department of Food and Agriculfuhe Administration, and the
Legislature should identify funding pools other than theeenhouse Gas Reduction
Fundsin order to fund needed research and market development farydaanure
compost.

3. Market: Supportoutreach and education to encourage manure compost productimd
research and demonstrations to bolster demand for manure compost.
a. Provide funding to California Department of Food and Agriculture to build

LINE R dzOo®Kdgeof dompost production regulatory requirements and best
management practices

Fundresearch to compare the soil health benefits and contamination risks of dairy
manure compost, green waste compost and food waste compost
Funddemonstration projectso study and prove economic feasibility of dairy
manure composting in the San Joaquin Valley.

4. Policy:Implement AB 1045, the Healthy Soils Initiative, the Alternative Manure
Management Program, and SB 1383 in a manner that promotes beneficial dairy neanur
composting and encourages coordination across state agencies.

a. Address permitting challenges for damanure composting through AB 1045.
b. Recognize and support the role of dairy manure compost in meeting goals of the

C.

Healthy Soils Initiative and the Alteative Manure Management Program

Ensure thathe Short Lived Climate Pollutant Strategity incorporateshe
composting of dairy manurm its policy and economic provisions addressing
manure methane emissi@and the need for new composting facilities.
Encourage agency staffs responsible for implememBdgL045, the Healthy Soils
Initiative, the Alternative Manure Management Program, &t 1383 to coordinate
closely to achieve an integrated mudtgency strategy that maximizes the benefits
derived fran dairy manure compost.



Tablel. Summary of Dairy Manure Compost Impacts, Barriers, and Opportunities

Classification of dairy manure as Tier Il in the SWRCB’s . . . Manure compost provides a clear benefit to reducing the
. ) P Composting manure provides a clear water quality L - N
R . . . Compost General Order requires substantial mitigation . . o significant water quality impacts of dairy manure
Composting is a clear solution to reducing dairy water . ) benefit for dairy manure management. Composting is
o S N measures. Lack of clarity about how the CVRWQCB’s . X . management. However, the current regulatery approach
quality impacts. It decreases leaching risk during both ) N N currently one of the only economically viable options for s S L
S Dairy General Order could be modified to incorporate e . appears to be heading in a direction that indicates that
n storage and land application as compared to . L dairies to export excess manure nutrients. . . ) -
Water Quality ) B elements of the Compost General Order is a significant - S I . composting manure is detrimental to water quality.
uncomposted manure. It also provides solution for over- . " N Disincentivizing compost could significantly impede . B
L L " challenge. Dairy General Order modifications could Ny N o . Composting of dairy manure should be encouraged, not
application of manure, which is responsible for 95%+ of - L . L S meeting policy objectives of protecting surface and . B N n
. N - disincentivize composting on dairies, which is one of the y discouraged, in order to achieve better water quality
nitrate leaching from dairies. _ . . - groundwater quality. N N N
only economically viable options for dairies to export outcomes, particularly as it relates to leaching of manure
excess nutrients, as required by the Dairy General Order. nutrients to groundwater.
Most of the focus for reduction of methane from dairy Manure compost reduces methane emissions as well as
. manure management has been on digesters. Compost is overall CO,eq as compared to solid manure stored in
N/A at this time. X X - S R X .
more practical methane reducing practice for a much static piles. It is also more operationally and economically
Compost produces a net GHG benefit. Significant . . . . larger percentage of California dairies. SB 1383 serves as viable for a larger percentage of dairies as compared to
Greenhouse POStP . 8 . CARB is starting the process to establish regulations for gerp g. . ger p . g X . P
methane reductions more than compensate for potential L2 . a statutory requirement to include other methane- other methane reducing practices. Composting should be
Gases PN . N methane emissions from dairy manure management N X o .
slightincreases in CO, from equipment and N,O. . X reducing practices, but it is unclear to what extent considered by 5B 1383 and related program as a key
soon. CARB can start regulating dairy methane as early as . - P . y . P ” .
2024 composting (as a standalone practice and asan “add on”) | option—either as a standalone or as an “add on” practice
. will play a significantrole in upcoming regulation and —for achieving industry-wide methane reductions from
budgetary allocations. manure management.
. . P . . . . C il toi i lity i ts, but
Compost produces a net increase in precursor emissions, | Compost does appear to increase air quality emissions OMROSING appears ta INCTease air qua ity impacts, bu .
N L L L . L . P more directly-relevant research is needed to confirm this
although the magnitude of emissions and their impacts from manure, and permitting requirements reflect that. Lack of research on emissions fram manure in static piles ) ) N
N - . R i L . S and to understand the magnitude of incremental impacts
on regional air quality and health are unclear. Emissions However, VOC emission factors for manure compost are compared to composting is a barrier to understanding if T I T et ———E ]
o A of NH; from manure compost are greater than based on research of co-compost, not pure manure and how composting could improve air quality outcomes. q ) 8 q_ .
Air Quality . e ; o . be revised as needed to reflect the findings from this
uncomposted manure, but they are also easier to compost. Additionally, lack of clarity of what VOC Current approach of not considering net emissions or - _
L : AR . . . . M . o research. Additionally, SIVAPCD needs to provide more
mitigate because they do not occur during land mitigation measures will be required is a major precursors” actual formation of criteria pollutants does ) ) L
A . 5 A . 9 5 . . up-front clarity on BACT and potential mitigation
application. More research is needed to determine net permitting issue. Current regulations do not consider net not ensure improved air quality and health outcomes. . .
. . measures for VOCs so producers can estimate economic
VOC emissions. emissions. TR 5 o a
feasibility prior to applying for a permit.
Manure and manure compost share many benefits for CDFA's Healthy Soils Initiative is a significant program to Manure compost is widely understood to provide
improving soil health, but manure compost enables soil N/A incentivize practices that improve soil health. Compost multiple soil health benefits. Recent policy initiatives
Soil Health health benefits to be achieved on significantly more has received significantattention as part of this focus on improving soil health and appropriately
acreage because it is easier to transport can be more program’s development and could be one of the major recognize and promote the use of compost as a practice
readily applied to more crop types. practices incentivized by the program. to improve the health of our soils
Lack of clarity on regulations and permitting Past policy initiatives related to compost have focused on
requirements is the largest barrier to dairies producing landfill diversion, largely ignoring California’s substantial
Composting is one of the only economically viable ways compost. This is particularly true for air quality permits agricultural feedstocks. This has left a gap in funding for Lack of clarity on regulations and permitting
for dairies to export excess manure nutrients, thereby due to perception that VOC mitigation measures will be research and market development of manure compost. requirements is the largest barrier to the production of
Sor7e] protecting water quality. Composting can also reduce cost-prohibitive. This also true for water quality, as AB 1045 has the potential to significantly impact manure manure compost. If this barrier is removed, the supply of
PRy methane emissions from dairy manure management, producers are unclear of permitting requirements now compost supply if it (1) incorporates agricultural manure compost is likely to increase substantially.
particularly if coupled with practices that reduce the that the Composting General Order has been released. feedstocks and on-farm composting into its mandate to Otherwise, it is unlikely that the supply of manure
amount of solids entering anaerobic lagoons. Increased permitting requirements for export of manure streamline the compost permitting process and (2) compost will increase even moderately.
compost (vs. on-farm use) is a barrier to improved addresses the major permitting barriers addressed in this
regional distribution of manure nutrients. report.
Composted manure can be used by a much larger Past policy initiatives related to compost have focused on . P
B . - B N % L, . The demand for compost is strong and growing in
customer base than uncomposted manure. By using landfill diversion, largely ignoring California’s substantial L . Lo
N 8 . - California. For those interested in using compost, manure
manure compost, these customers can benefit from . . - agricultural feedstocks. This has left a gap in funding for . . .
. ; ) " " Existing food safety regulations place only minimal compost is typically viewed favorably, as long as salt
increased soil organic matter, increased water holding - . research and market development of manure compost. 5 .
Demand . restrictions on the use of manure compost, appropriately B A - . concentrations are not too high. However, customer
capacity, decreased pathogens and weed seeds, and ) . . . . CDFA’s Healthy Soils Initiative is a positive step forward in . N N
N N reflecting best available science regarding pathogen risk. N L P restrictions sometimes do not reflect best available
increased carbon sequestration, among others. Greater incentivizing the use of compost, but it is funded by GGRF N . S
) N . . science on pathogen risk and can limit a producer’s
proportion of organic nitrogen can reduce leaching risk and so can’t address most research and market o
ability to use manure compost.
compared to use of uncomposted manure. development needs.

Key

Positive (Environmental Impacts)
Incentivizes (Regulations & Policy)

Neutral / mixed (Environmental Impacts)
Neutral / unclear (Regulations & Policy)

Negative (Environmental Impacts)
Disincentivizes (Regulations & Policy)

N/A




INTRODUCTION

Context

I FEAFT2NYALF Q&2 RI ANE ¥ NiMeregibidPs@te Ri&l ndtiohal2 NI yd o6 S
economies Theygenerate20% of milk produced in the United Sta{&DFA, 2016%9.4 billion

in on-farm revenue, and 30,000 efarm jobs(Sumner et al., 2015J 0 provide these benefits,

California dairies milk 1.75 million co@SDFA, 2016and these cows gendraa lot of manure
(approximately 105,000 tons per day). Cow manure contains valuable nutrients and is

commonly put to beneficial use to fertilize crops grown for cow feed. However, manure can

also pose environmental risks when not managacefully manuse cancreate air pollutants,

water pollutants, and greenhouse gas (GHG) emissions.

¢KS KSFENILI 27F [/ F AT kMY Sah DaguirkMalfeyNdhatairyfamdza 0 NBE NB &
producead 2 dzii > 2 F  from L. ASTaRliNG/ Ik cOenératingss.6 billion in

revenue and 20,400 jolSumner et al., 2015 he dairy industiQ & & dzo &Gl yGALF £ O2 vy (
employmentin the San Joaquin Valley significant because the regisnffers from high

poverty (18-28%)and unemployment rate3-11%) (US BLS015; US Census Bureau, 2016)
Thisregionalsosuffers fromsome of the worst air and watermglity in the country and poorly

managed manure contributes this water and air pollutior(Harter et al., 2012; SJVAPCD,

2013, 2015a)improveddairy manuremanagement is critical to the health of trevironment

and human populations of th8anJoaquinValley.While ourreport focuses on the San Joaquin

Valley many of the findings and recommendations apply to ottairy-producingareas of the

state.

Most daries in the San Joaquin Valley currently starggnificant portion otheir manure in
lagoons and then apply the manure in liquid form onto their figttertilize the crops they
grow for cow feedDairies that produce more manurnaitrientsthan requiredto grow their
feed crops face a serious challenge in how to manage their excess m#ithreut
economically viable options for dealing with excess manure, sieirées overapply manure
on their croplandwhichresults innutrients leaching intgroundvater. Dairies withexcess
manureare becoming increasingly common as the dairy industry consolidates and as dairies
convert theirfeed acreage to more lucrativdhumanconsumedcropsto diversify their revenue
(Crowder, 2015)Replacing feed crops with man-consumed crops reduces the amount of
landdairy producers havéor manure applicatiordue to food safetyrestrictions on applying
manure to humarconsumed crops.

Composting dairy manureffers an alternative tananureover-application by increasingne
land base over which the manure nutrients can be applied. Compdstiagathogens and
converts manure into dghter, more nutrientdense form. The pathogen kill enables manure
compost to beapplied tohumanconsumedcropson the dairy itself, and th lighter material is
more easily transported further from the dairy, enabling better distribution of nutrients as

1



compared to uncomposted manurBetter distribution of manure nutrients will reduce the

leaching of nitrates to groundwateyone of thedai@ A Y Rdza i NEB Q& Yz2ald LINBaaAa
challengesn the San Joaquin Valle§iven the potential for compost teduce waterquality

impacts, we conducted this study to determine to what extemtlespread adoption ofnanure

composting could provide ena@nmental, human health, and economic benefits to the region.

By providing an assessmesftthe current state of research on manure composting and the
related outstandingjuestions this report sheds light on some of thradeoffsinherentin
addressinglte environmental impacts afairymanure We hope the report will both identify
priority areas for research arehable policymakers and regulators to makfrmed decisions
regardingeffective and efficient strategies fenanure managemerthat achieve mtiple
environmental goalsCurrently, the environmental impacts of dairy manure are regulated and
managed by a variety of state and local agencies through seviscarthected rules and
programs. At the same time, the state has been developmdjimplemating new policies and
programs to improvesoil healthand reduce methane emissioridore comprehensive
information on the real impactand benefitsof manure compost can improve both the
regulatory programs aimed at reducing impacts from dairy manuretla@gbublic policieshat
may benefit from promoting manure compost. Although further research is neealédtter
understand the extent dbenefits and impactfom manurecompost this report finds that
manure compostingffersclear opportunities tacosteffectivelyreduce some of the most
severe environmental impacts of dairy manwraamely methane emissions and water quality
degradation Realizing these opportunitiehhowever will require regulatory and policy
coordination & well agmproved marketdevelopment.

Report Scope

This reportisbased ora review of existing literaturand extensive interviewseeAppendix ).
The reportfocusesprimarily on composting in opetnrned windrows when assessingpacts
dependent upon composting method. We chagsenturned windrowsbecause it is the most
widely practiced composting methad the San Joaquin Vallejoasses&nvironmental
impacts this report compareg¢l) solidmanurestorage in static piles) andland applicationto

(2) solid manureompost production(in openturned windrows) andlandapplication We
chose thisomparisorbecausehe composting procesquiressolid manure, and th most
commoncurrent practice for handling solid manuan dairies in the San Joaquin Vallisy
storage in static piles. We feel using the most common current praigdbée best baseline for
our analysis.

We are not attempting to compare all potential alternative$ whichthere are manyFor

example, dairies usintgush manure management systems could use advanced solid separation
to pull more solids out of their flush water, or they coslditchto drier management systems.
Both of these options would result in additional solid manure available for composting.
However, there are alsmanyoptions available for advanced solid separation or moving to



drier systems, each of which would result in different economic and environmental impacts.
Conducting research to understand these options is important but is outsitteeafcope of

this study.This study serves as a starting point from which additional environmental, economic,
and operational impacts coulgland should; be assessed.

Report Objectives

This report isntendedto help California policymakers, regulaspand other interested parties
understand theopportunitiesand challenges associated with dairy manure composting.
Specifically, our objectives are to:

1. Consolidateand communicate the best available research oneghgironmental
impactsof dairy manurecompostcompared tathe current practice of storing and land
applying solid manure.RE report akesa holistic approach by looking mhpacts toair
quality, water quality, greenhouse gas emissions, andchsailth, andidentifies the
most significant gapin the current scientific understanding of these impacts.

2. ldentify barriers to the development of a robust supply chain and market for dairy
manure compost in California.

3. Present recommendations for how regulators and policymakers can help overcome
barriers and promote composting to further environmental goals and policies.

Report Roadmap

Section 1provides an overview of dairy manure management

Section 2describes the overall regulatory regime governing manure composting in the
San Joaquin Valley.

Section 3covers existing research on the environmental impacts of the practice
Section 4identifies regulatory barriers and challenges

Section 5givesan overview of supply and market potential

Section &discusseshe intersections between manure ngposting and kegtate policy
initiatives.

1 The report ends witlour Summary Gonclusions andRecommendations

= =

= =4 =a =



SECTION THE ROLE OF COMPOSTNGAIRY MANURE
MANAGEMENT

Traditional Manure Management

Basics

Manure management is eucialcomponentof dairy operationsDairy manure must be
carefullymanaged wherever cows apgesenton the property, which is mostly in freestall
barns and/or corrals, but also in milking parlors, sprinkler pens and other holding areas.
Managing this manure & consideable task givemhat lactating cows excrete 120 Ibs.wét
manure perday(Tyson and Mukhtar, 2018nd that the average dairy in in the San Joaquin
Valley milks 80200 cowgCDFA, 2016)

Each dairy must developraanure managemengystem to maintairsanitation complywith
environmental regulations, and pits manure to beneficial us&he primary beneficial use for
manure is as a fertilizer for crop production.
) Box1: Manure Collection
The basic componesabf manure managemerdre

collection, storage, processing, apptioca, and Scrape systems  collect ~manure
mechanically, typically bgither using an

distributior: attachment on a tractor to push manurg
down the feed lane®r using a vacuum
1 CollectionThe collection proces&mowes truck to collect the manureIn other
manure from barns, corrals, milk parlors and scrape systems, the scrajeol is built
other holding areasBarn manure is collected  [RUSRIERERICUEREIENEY R LIRS

using a flush system, a scrape system, or a motor, rather than being manually
9 Y ! pe Sy ! driven with a tractor. The manure

combination ofthe two (seeBox1). Flushbased S RSB i N o e e

systems areéhe mostcommon in the San period before being processed. As wati

Joaquin Valley is not added, relatively little liquid

I ProcessingManure is typically processed
before it isstored and usel. Processing

commonlyinvolves some degree of separation [ E i A R (M e At

of the liquid fraction from the sddi fraction. a mechanicaltool, to move manure.

Basic separation methods, such as settling Recycled lagoon water, which alreac

basins or mechanical screens, asefarthe centains some manure. is releasediirg

one end of the barn. The barns are bui

most common, but more advqnced methods, eS8 S mEle, s ST SEhes

such asscrew presses ancentrifuges, also water down the lanes, picking up manur

exist. as it flows. The manure and water |
returned to the lagoon. A significan
amount of liquid manure results from ¢
flush system.

manure is geerated and the manure is
Yzaidte Ay GKS azft)




i Storage:Manure is storedafter it has been
collected and procesed but beforeapplication
or distribution The liquid portion is stored in Solid manure:Manure that has not

lagoons while the solid portion is typically had water added to it. It can range
from fairly solid to a milkshakkke

Box2: Manure Waste Strems

Store_dm_SIurry pits (?I’ statlc.pll_es. (slurry) consistency, depending on to
1 Application:Both solid and liquid manure are what extent the liquid fraction

typically applied tdields where cow feed is evaporates or is absorbed into soil or
being grown Liquid manure ipredominantly ground cover.
applied via flood irrigation while solids are

bp q th f g di ted into the Separated solidsSoid material that is
sprea on the surface an mcorporap Into the separated out of liquid or slurry in a
soils.In flush systems, separated solids are controlled fashion using mechanical or
commonly used as cow bedding once they havReEi eE IR RTels ERETRT BT IS {616
been dried. separate from liquids.

1 Exporft:EXCfSinan#re can be (_axported Of.-f a Liquids: The remaining liquid fraction
dairy farm for u_rt er processingr use. Since after any separaton has been
volume and We|ght drive distribution costs, completed. The liquids are chaeled
exports of heavy and bullgolid manureare to a holding pond (lagoon) where they
limited to a short distancgiquid manure is very [REUSIICERECIRTGIESENELC)

difficult and costly to export collected from the milking parlor,
) holding areas, and other sources on

ERET]

The manue management systemffectsthe type and
proportions of manure waste streanfseeBox2)
produced by a dairngnd these waste streanwill affect the potential for compostingas
described below

Composing

Aerobic composting is the controlled decomposition of organic materials by microorganisms in
the presence of oxygeffldrich and Bonhotal, 2008)Vhile organic materials decompose
naturally, generating consistent and completely finished compost requires ieahn
understanding and active management of the composting proddissorically, compost has

been used by agricultural producers to build soil health and provide plant nutrients. More
recently, composhas beerused in other ways, such as for erosion cohtlandscaping, and
bioremediation.

Composting Process

The composting process entailgmbiningand aerating one or morg/pes of organic materials
(feedstock3yto activate decomposition. During this decomposition process, bacteria, fungi, and
actinomyetes consume and metabolize the organic matter in the feedstaekih releases

heat. Temperatures can reach over 150 degrees Fahrenheit, killing pathogens and weed seeds
in the mixture.The microorganisms also consume oxygen in the ipilerder for

dewmmposition to continue at the desired rate, air must be reintroduced. Eventually, thiger

5



original inputs break down into a homogenous product, the rate of decomposition slows and
the unfinished compost is set aside to complete the final, slow stageadrdposition, called
GOdzNAYy Idé ! FOSNBI NRa>X GKS FTAYA&AKSR 02YLlRaid Aa

During the composting process, varidastorsinfluence the rate and completeness with which

the organic material is decomposed: carbon to nitrogen ratiojsture, bulk density,

temperature, curing, and timeSgeAppendix Zor more detai). Good compost management

can reduce the environmental impacts of the composting process, aid in regulatory compliance,
and redwce customer concerns about compost quality.

Composting Methodologies
The three primary methods of composting are:

1 Turned windrowsg A windrow is a long uniform
pile of material that is mounded in rows that are
roughly 3 to 10 feet tall and parallel toe
another.In a turned windrow system, machinery
is used to churn the contents of the pile to ntive
feedstocks, introduce oxygen, control heand
reactivate the decomposition procesburned
windrows aretypically the cheapest and by fdre
most comnon method used by composting
facilities in California. Biofilters or synthetic cove
can be used to reduce emissions, although this
adds complexity and cost.

Turned windrows

1 Aerated static piles; In this system, feedstocks

are piled on top of a perforated pipe in vahi air Aerated static piles
is either pumped out or drawn in, thereby
creating air circulation in the pile such that it
needs littleto no mixingafter establishment. The
structure of these piles must be thoughtfully
consideredas air must be db to flow
throughout themwhile the materials decompose.
Since there is little to no turning with aerated y
static piles, biofilters or synthetic covers can be i o e

. .. Photo courtesy of Kevin Barnes, City
more easily added for reduced emissions. Aerat Bakersfield Solid Waste Division
static piles are typically more capiaind
managemenintensive than turned wmdrows and can be cogtrohibitive for smaller
operations.

1 In-vessel composting, This type of composting occungthin aclosedcontainer in
which air, moisture and temperature can be closely monitored and controlled.



precision of this method allosvfor shorter composting durations and greater uniformity
of results per batch, but requires more expertise and capital to execute succesafully.
a result, this method is generally conside@mkstprohibitive under most scenaricnd

is uncommon in Cabfnia

Due to the costs and ease mlanagementthe turned windrow system is the most commonly
practiced method and will be the preference tbie majority of dairies thamight consider
composting in the futureThispaper uses open turned windrows fds analysis. Covered
windrows, aerated static piles, and-#essel composting methods are not covered in the scope
of this study, but these methods will typicadyalthough not alwayg lead to decreasing
environmental impacts and increasing costs

Conpostingfor DairyManure Management

Composting dairy manure provides two major benefits to dairy farmers. It afjoadiucersto

1) use their manurenutrients on more crop typedy converting manure to a product that can
be safely applied tacres growig humanconsumed crops and 2xport excess manure
nutrients oftfarm by converting manure into a highealue and more transportable form.
Further,the composting of dairy manuie lowtech and one of the onlgconomically viable
options for producers$o achieve the above benefits.

The potential and scale abmposting on a dairy will depen parton its underlying manure
management systenbairiesin the San Joaquin Vallege flush, scrape/vacuum, or some
combination of these manure management systermhese systems typically have three waste
streams: solid manureseparated solids, and liquidsdescribed irBox2 above However, the
percent ofcompostablemanure that endsip in each of these waststreamsvaries bymanure
management system and practic&incdiquid materials are not compostabl¢he extent of

the opportunityfor composting on a particular dairy depends on the quantitgalid manure

and separated solids produced that dairy. In the purest scrape systems, onlyl®% of the
manure ends up in the liquid stream. In hybrid systems, this can increase48%while in

flush systems the manure ending in the liquid stream can range fro082(UC ANR
Committee of Experts, 2008)Vhen manure slids are separated in a flush system, 5% to 65%
of the solids are remove(Meyer et al., 2003)depending on the type of separation system
used.

Gomposting is possible on any dairy that collects solid manure or separates solids from liquid
waste streamsWhilea dairy using a flush or a hybrid manure management system will
generate less compostable materithere areseveralwaysit can maximize its composting
potential. First,if a flushdairy uses straw, rice hulls, wood shavings, or sirfibaous material

for cowbedding, these materials can be pulled oat the flush waterasseparated solidand

will be good source of carbon and a bulking agimtthe compost Secondif a flush dairy
currently has excess manure nutrienitscoulduseits liquidstream tofertilize its feed crops



anddedicateits solid manure and separated solids primarily to compostByproducing
compost,the dairycan spread the nutrients to acreage growing hurtamsumed cropand
can more easily export any excess nutriesffsfarm. Finally, if needed dairy could invest in
more advanced solid separation to increase the amount of matendlnutrientsavailable for
composting

Composting may require new equipment and new management practicesgever, nany
dairies alradyhave equipment they can usA local agronomist shared that roughly 40% of his
dairy clients already have windrow turners key piece of composting equipmento helpdry
their manure for beddingDairiesthat do not already have a windrow turneould use an
existing frontend loader but doing saequires more time and managemerairies looking to
compost more than a minimal amount of manure might consideesingin a windrow turner
Dairies that are already managing manure for beddyqicaly do not actively manage the
temperature, air, and moisture in thgles as required to produce fully composted manure
They would need to dedicate additional tirteeproperly manag the composting procesdut
these activities are allell within the mens and skillset of dairy produceaad their
employees

In summary, composting manufis well with existing operatios, infrastructure, andpractices

on San Joaquivalleydairies. The extent to which composting could provide a significant
opportunity will vary from dairy to dairy depending on factors suchhesexisting manure
management system, practices, and infrastructidewever, most dairies will find that
compostingintegrates relatively easily intiheir existing operationsCompared to other
alternatives, the practice itsefhould require no significant changes to existing infrastructure,
minimal investment in equipment, limited capacity building, and no significant new skillsets.
The major obstacle to composting on dairies is not operatiartagration but rathertthe

significant challenge of clarifying, understanding, and complying with regulatory requirements
related to manure management and compost.



SECTION REGULATIONS AFFECMANURECOMPOST

The State of California is engagedinumber of important campaigns to address serious
environmental challenges to its climate, soil health, and air and water quktyies are

regulated tocontrol pollution from manure by several state and local agencies. In addition to

these regulationswhich are applicable to all dairies in the San Joaquin Valley, composting

facilities faceheir own set of requirements. As a resudiry operators interested in

composting manure off  NY OFy FIF OS | NI 3 dnhe polickdNadd a R2 dzo f S
regulat2 ya 3J2GSNYAYy3I YIydz2NE FyR ¢FaidsS Yrylr3aSySyi
manure through compost.

Water Quality Central Valley Regional Water Quality Control B@RWQCH) State
Water Resources Control Bogi®WRCB)

Dairiescan pose a&igrificant impactto groundwater quality, both from the daigroduction
areasand from the application of manure to field crops. In order to address this impact, the
Central Valley Regional Water Quality Control Bo@\R{WQCB) issued a Waste Discharge
Requrements General OrdebD@iry General Ordgfor dairies in 200.7ThisDairyGeneral Order
regulates the discharge of wastes from dairy production areas and associated cropland. It also
defines thresholds for land application of manure and regasteragecapacity for runoff from
dairy manure or feed.

TheCWv 2 v / DdxyCeneralOrder has very extensive requirements, includihgt dairies
submit and comply with avaste management plan and a nutrient management plan. The
waste management plan must ensutet manure and feed storage arease designed and
maintained to convey all water that has contacted animal wastes or feed to the wastewater
retention ponds and to minimize standing water and the infiltration of water into the
underlying soilsn thosemanure and feed storage areakhe nutrient management plan must
ensure that dairies manage their land application of manure so that manure nutrients applied
do not exceed the agronomic needs of their crops.

The State Water Resources Control Board rdgeadopted a Compost Gener@kder. The
CompostGeneralOrder divides allowable compost feedstocks into two categories: Tier |
(agricultural/ other plant materials, vegetal food waste, paper, etc.) and Tier Il (biosolids,
manure, nonrvegetal food waste, aerobic digestate from Tier Il materials, et@he General
Orderstates that manure and anaerobic digestate from manure may only be composted in a
facility meeting Tier Il regulatory criteri@ier Il regulatory criteriare stricter than Tier | and
indude pads and drainage ditches of asphalt, concrete, or soil compacted to the depth of at
least one foofwastewater management planand lined pondsThe ComposGeneral Order
provides an agricultural exemption for composting performed in an agriculsetéhg using
materials generated osite when the resulting compost is used on site or on another site



owned by the owner of the composting facility and applied at an agronomic Ketenore than
an incidental amount of up to 1000 cubic yards may bergaxgay or sold annualiynder the
agricultural exemption@mposting facilitiesvith a capacity of less than 5000 cubic yapds
year of Tier | or Tier Il materials alsoexempted from full compliance with the regulations,
but must completely cover athaterials during rain events and manage the application of
process water to prevent production of leachate.

TheC\RWQCB will b charge of implementing thEWRCBompostGeneral Ordeprovisions
in the San Joaquin Valleand it remains to be seen whatfect this may have on current and
future dairy composting activities. TERARWQCB has indicated that a dairy that wishes to
begin composting and whose manure storageaa are in compliance with thealDdy General
Orderrequirements will be considered tme in compliance with th€mpost &neral Order
However, this will only be the case until tiABRWQCB revises the Dairgr@ralOrder, which it
proposes to do in 201°At that time, it is possible that the\RWQCB will amend the Dairy
General Ordetto correspond more closely to the requirements of the Composh&al Order

Greenhouse Gase€alifornia Air Resources Board

WKAETS RFEFANASAE INB y20 OdzNNBydfe || da@ielILISRE |y |
{01 30S8SQa FT20dza 2y (ghifanht methane emisfoteNabdotentfal 6 2 1 K &
reductions has intensified over the last few yedrke first two iterations o€alifornia Air

ResourcesBoardQ @ARBJIraft ShortLived Climate Pollutant (SLCP) Stratagated highly

ambitious targets for dayjr methane emission reductions by 20&fih very little guidance on

how they were to be achieved. This changed with the passage of SB 1383 (Lara) at the end of

the 2016 legislative session. While SB 1383 directs CARB to begin a rulemaking process for dairy
methane emissions reduction in 2017, the regulations resulting from that process will only take

effect in 2024, and then only if specified conditions are met. ddiey manure compost

implications of SB 1383 and its implementation process are more fsliysied in Section 6.

Air Quality San Joaquin Valley Air Pollution Control District (SJVAPCD)

I grad YlI22NRGe 2F [/ FEATF2NYALFI QA RIFEANE KSNR Aa
designated as an extreme nattainment area for ozone poltion by the US Environmental

Protection Agency (US EPAS$. a result, all manure management on dairies in the region is

subject to strict regulation by the San Joaquin Valley Air Pollution Control District (SJWAPCD)
accordancewith the Clean Air Act

About one third of the dairies in the San Joaquin Valleytagey 8 A RSNBR &G 3INF YRTFI (K
therefore, arealready permitted by the SIVAPCztonpost to some degree on thdhe dairy

(SIVAPCD, 201Beyond this,he SJIVAPCD considanynew or expaded compostingn a

siteto be a separate stationary source of VOC and ammonia emissions that satgioen
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permits. Specifically,ie SIVAPCi2quires new or expanded composting to meet the

requirements of itRule 2201 (new and modified stationaryusce review), including

implementation of Best Available Control Technologies (BACT) for VOC and ammonia emissions
Facilities engaged in the management (including compostinigijpsblids, animal manure, and

poultry litter operationsare regulated under iRe 4565.SJVAPCEbnsiders the composting
regulations in Rule 4565 to be thenimumthresholds for BACT for dairy compostitfghere

are methods that could achieve better emission reductions than those proposed by the

FLILIX AOFyild GKFEGIORASRSRI Ky OSINB S ¥ O 8 ¢he QIMBPEINE (SO
will require theseunder Rule 2201and not theminimums laid out irRule 4565If the siteis

expected to emit more than 20,008s.of VOCs per yeafter BACT is implemented, the facility

will be required to purchas& OCoffsets in order to mitigate the impact of their emissioirs.

order for a dairy to understand how many pounds of VOCs will be emitted and what BACT

would be required, it needs to apply for a permit and trigger the Rule 28@&w process.

Waste ManagemeniCalRecycle

CalRecycle regulates composting facilities based on the type and volume of matesséks an
any one time Composting facilities are divided into three tiers for purposes of regulaliba.
first tier isanagricultural exemptionAn agricultural operatiofsuch as a daingngaging in
composting is exempt from CalRecycle requlafioR AU O2 YL} ada al INAOdz i d
entirely fromthe agricultural site and uses a similar amount of composthendame site or
another site owned or leased by the composter! 3 NA Odzt G dzNJF € YIF GSNAF £ ¢ NI
plant or animal origin, including manure, resulting from agricultural actidtymore than 1000
cubic yards (CY) of compost produced on site beagiven away or sold annuallfthe
agricultural operation wishes to give away or sell more than 1000 cubic yards of compost or
wishes to import noragricultural material for caomposting, the operation would move to the
second tierg the notificationtier.
e ) . ) Box3: Local Enforcement Agencies

The notification tiehastwo categoriesof operations (LEAS)
relevantto manure compostingboth of whichmust
comply with the Enforcementgency(EA) notification LEAs are designated by the governi
requirements in the CA Code of Regulatioh$ C.C.R  [BRik ACIRCREIVACISE AU DAL
18100 et seq.)Thefirst categoy is foragricultural R - 1y CElealE, e

. . . . empowered to implement delegatec
material composting operatia) and includes two sub CalRecycle programs and logal
categories The firstagricultural materiasub-category designated activities. LEAs have tt
applies to @erations compostin@nly agricultural primary responsibility for ensuring the
material. These operations are not limited in terms of [RadESEECUIEIELICRESCR T
amount of feedstok they may have osite at any one  [Babas e ES RIS IR
. . . ) state. LEAs determine which tier a facili
time, andthey may sell or give away their compost in N I e e s e e
unlimited amountsThey must be inspected by the ensure faility compliance with the
local Enforcement Agency (LEA) at least once a year [REEFIENEERIRGERIES
(seeBox3). The secondagricultural materiakub-
category includesmerations that corpost both
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agricultural materiat y R & rAaeRa$ ghd thathave no more than 12,500 CY of green

material onsite at any one timdf such aroperation sells or gives away more tha@d0 CY

compost pelyear,it is to be inspected by the LEA once every three menriihe second

notification tiercategoryhA & F2 NJ IANBSY YI (G SNA I finclOdessitel@hati A y3 @ 2
have no more than 12,50@ubic yardof feedstock, compost, or chippehd ground material

on site at any given tim&reen material compostingperationsmay also handlagricultural

material, includingnanure.The sitemustcomply with theLEAnotification requirements and

be inspectedt least once every three months, esk lesser inspection frequency is approved

by the LEACompost produced bgreen material composting operationsay be sold or given

away in unrestricted quantities.

The third tier includesll commercial compost facilities that handle materials othertiyreen
material, and green material composting facilities handling over 126508 yardof
feedstock, compost, or chipped and ground material onsite at any one fiimese facilities
mustobtain a Full Solid Waste Facility Perfroim CalRecycle.

Caclusion

Dairies planning to add composting to their currenanure management systemust contend
with several agencies and rulesdding costand complexity to their operation§Vhile
regulators in the state have applied firm standards to the contfgadlution from dairies and
compost, the regulatory community lacks a common understanding ohéhémpacts of
manure composacross environmental medas compared taancomposted solisgnanure and
some key questions remain unanswerédcoordinated andholistic approach among the
regulators would help secure the best environmental outcomes from the dairy indUstey.
following section will review current science on this topic.
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SECTION ENVIRONMENTMPACTS OF MANURE COMPOST

Manure managementicharacterized bgomplex interactions between a multitude of
environmental variables anpotential practices As a resulta practice that limitshe emission
of a certain compound may bolster the release of anotffenon et al., 2001) Similarly, a
practice that reduces emissions of a particular compound in the production/storage phase
could increase emissions in thend application phase, and vice versa. Unfortunately, most
research has focused on a subset of environmental impacts and/or phasesarefote, gives
an incomplete picture. fle environmental analysis in greport attempts to break down those
siloes to give a more comprehensive understanding of the impacts of composting manure.

Research Methodology

Scope of Analysis

Manure managemenis notorious for pollution swapping, where a practice implemented to

reduce one environmental impact typically increases another impact. Thereforegtost

assesses the environmental impacts across multiple air quality, water quality, greenhouse
gasesand soil health indicators. Assessing only one of these areas or a subset of these areas, as
is commonly done, does not helys understand how we can motewards more sustainable
dairymanure management

Additionally, anytwo practices can have veryfitirent impacts at different phases in the
manure management process. Therefore, this report considers the environmental impacts
across two phases: 1) in storage and/or production and 2) in application on feteymining
the value and risks of manuremposting requires a clemomparisonof the impactsacross
both of these phases, e.g. impactsgrbcessing antand application of compostelative to
storageandland application of solid manuréVe hopethat subsequent studies will also take
this multiphase approach to study impacts.

Finally, & discussed in the Introductiagection there aremanypossible scenarios for
generating compost on dairie$his reportlimits its scope to comparinigpe most common
method forcomposting(open turned windrowto the most commormanagement practice for
solid manurgstorage in static piles and subsequent application to crop)aide believahese
baselines give the moslirect comparison of impacts. However, wezognizehis comparison
does not reflect the fli range of options for converting to manure composting and their
respectiveimpacts. Weencouragesubsequent studieto assess these alternatives.

In summary, thescope for the environmental analysis in this section includes the following

1. Multiple airquality, water quality, greenhouse gas, and soil health impacts
2. The manure storage/compost production phase and ked application phase
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3. Comparison othe most common practicef®r managing compost and solid manure
composting in open turned windrows taanurestorage in static piles

Research Approach abéta limitations

Where possible, our analysis ugesliforniabasedresearch on manurstorage and manure
composting Locally basedesearch is important because California has distinct manure
managemehpractices and climate comped to other large dairy regionandthese two

factors significantly influence the type and degree of environmental impaktrtunately, we
foundvery little directly relevant Califorribased research.he majority of theCalifornia

based researchas beerfocused oreither (1)the composting of green waste ¢2) the

impacts related to dairy manure storagather thanmanurecomposting Studies on

composting of dairy manure were largely sourced from out of the stateoon fsther parts of
the world. Even less information was available(bythe impacts fromandapplicatiors of
manures and manurdased compostq2) impacts including both storage/processing and land
application phases, and (3) comparison of impacts ofuraicomposting to solid manure
storaggh DA @SYy (GKS €t FNBHS LRGISYGAlrt F2NJ RFANARSE G2
there is acritical needto ensure that we have adequatealiforniaspecific researcbn the
environmental impacts of compostirdairy manureto ensure our policies and regulations are
truly driving toward better environmental outcomes.

Water Quality

Water QualityContext

DNRdzy Rgl GSNJ ljdzZl £t Ade& RSINI RI GA SafJoaguivdlleyda A Iy A FTAO
where municipdities, rural populations, agriculture, and wildlife vie for limited fresh waded
where manyrely on groundwater t@ugmentsurfacewater supplies, particularly in times of
drought.Many areas in the San Joaquin Valley suffer from poor groundwateitygasgmming

from a variety of sources, both natural and manmadeor management of dainypanure can
contribute toadditionalgroundwater degradation, particularly areaswith high

concentratiors of cows(van der Schans et al., 2008me dairies havéeen found to

contribute to high groundwater levels of nitrates, salts and pathogers ANR Committee of
Experts, 2006; Li et al., 2013; Harter et al., 20pBjmarily as a result of ovapplication of

manure to croplandiue to limited ability to accutaly measureand apply manure nutrients
Preliminary results from the representative monitoring program suggest, but do not prove, that
up to 96.5% of nitrogen loading may be from cropld6@¥DRMP, 20168fomposting manure is
currently one of the onlyeadly available economicallywiable options to export manurenat

dairy producers might otherwise oveapply to their fields.

Production & Storage Impaaia Water Quality

Studies suggest that the active pile management of composting reduces the rigklohie as
compared to storage of manure in static pildsliterature review suggested that turning
homogenizesnoisture, spreading moisture around instead of allowing it to leave theasle
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leachate(Pardo et al., 20150ne of the studies fountthat a gatic pile had greater nitrogen
losses through leachate in the summer compared to a turned pile (3&@rsus 141.5g per ton
of fresh manurestatic and turned, respectivglyAmon et al., 2001)The winter triashowed
similar losses between both treatmes (1819g versus200.1g per ton of fresh manurestatic
and turned, respective)y(Amon et al., 2001)In this study, he authors noted that snow landed
on the manure and melted. It is possible that the additional water from the snow eliminated
the uniform moisture in the turned pile, leading to greater rundffseems that composting
reduces the risk of leachasndthat compost piles are just as susceptible as static piles to
leachate caused by precipitation. Therefonggasureghat arealreadyrequired to mitigate
runoff and leaching from static manure pilsisouldbe more than sufficientor composting
piles.

LandApplication Impacten Water Quality

When comparing application eincomposted solisdnanure and composd manureto

cropland manure cormpost application reduces risk of water quality degradati@articularlyin

the San Joaquin Vallesnanure compost can benefit water quality by reducing the potential for
nitrogen present in manure to enter into surface or groundwater. Studies show tleat th
composting process stabilizes thi#rogenin the dairy manurdoy tying it up inorganic forms

and slowly releaseit (CBF, 2004)-or that reasoncomposting is recognized as a Best

al yIF3ISYSyid t NI ONoriPOIdSoarée PibdgtasiUDBEPA, Q093A study by the
Rodale Institute (2004) compared nitrogen losses from applications of compusimposted
manure, and conventional fertilizer and found that about 4 percent of the nitrogen applied as
compost was lost, while about 9 percent was lost thgh the other twosourcegMichalak,

2004)

In addition,proper composting of manurproduces sufficient heat t&ill off pathogens. This is
consistent with/ | £ wS O & Q4 B4 78081 ztha&8 compost must achieve minimum
temperature requirementso treat fecal coliform and SalmonelRoper composting makes
manure safer for use with food crojpy killing pathogens addition to protectingdrinking

water sourcesy reducinghe risk of nitrate
leaching Figurel-Ten Year Change in Concentratior

Cows per Dairyby @unty in the San Joaquir

3,500

A primary benefit of composting manure rsat it
transforms manure into a product that can be
applied to more crop types and can be measily
handled and transportedreater distancesThis is
particularly relevant to landgtonstrained dairies,
where manure is highly concentratedhis
scenario$ increasinglgommon due to the

1,000

consolidation of California's dairy industry over = .«

the past decade and the resulting higher
Fresno Kern Kings Madera Merced San  Stanislaus Tulare

concentrations of cows peatairy (see
Figurel). Additionally, dairy producers are taking DataSourcel 5 C1 Q& 5 I
some of their acres out of feed production to grow

rage Number of Cows per Dairy

A
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permanent crops. This reduces the amountuodp acreagehat can receivaincomposted
manure.Because of its volume and weightjcompostedmanure is transported only very short
distances, and almost alwa within the county of origin, due to transportation co§itfarter et
al., 2013). This fact wasnfirmed by our interviewsvith manure haulers who have started
composting. These third party operators consistestly they only colleaincomposted
manurefrom a radius of about 10 mile@ncethey havecomposted the manure, it is much
lighter and less voluminowsnd canbe transported greater distanceé.composter in the
Tulare Lake Basin shared thatto@itinely delivers finished compost over distances36{50
miles In summary, composting manuemables better protection of water qualityy enabling
manure nutrients to be spread oaind used beneficially by plantser a larger land baséirst,
farmers can applynanure composto more crop typesand with fewer restrictions as
compared to uncomposted manur&econd, the lighter compost can be transported farther
away, alleviating hidia concentrated applications of manure nutrients.

Water QualityConclusions

Gomposting dairy manure providessignificah opportunity to improve dairyrelated water

guality impactsStudies show that active management of moisture and gglas needed for
compostingg reduces the risk of leachate as compared to static pilleere arealsomultiple

water quality benefits oEompostrelated toland application. First, thaitrogenin finished

compost are much more stable, Hwey are less likely to leave the soil and ergarface and
groundwater as compared to applyimgcompostednanure. Additionally, the pathogen Kill
achieved through the composting process enables the manure nutrients to be used in growing
human consumed crops. As a result, the nutriezgabe utilizedby more crops on more
acreageFinally, and importantly, composting manure enables easier trangpaghin enabling

the nutrients to be spread further distancda summarypropercompostingreduces pile

leachate andenables manure nutrients to be put to beneficial use on more acreage and across
greater distances, thus reducing risk of degradation of gdwater quality due to nitrate

leaching in areas of high concentrations of dairies. Composting alsodgivegroducers who
haveexcess nutrients aaconomically viableption to get to nutrient balanceas required by

the C\RWQCHBairy &neralOrder.

Greenhouse Gasd&HGS)

Greenhouse G&ontext

Greenhouse gas (GHG) emissions lead to climate change, broadly affecting global weather
patterns and natural cycleScientificconsensus is that the concentration of £Z€gjuivalent
(CQeq) in the Earth's atwsphere must remain beWw 350 parts per million (ppmi order to
avoid some of the most severe impacts of climate chahtgnsen et al., 2008However,

CQeq GHGevels have reached over 400 ppm and continue to climb.

16



Agriculture is the source of 8% of Figure2:! I NJ& Odzt (1 dzNB | YR 51 A
California's GHG emissiofGARB, 2014) JPEAF2NYAI QA h@SNItf DI
California dairies produce roughly half of

this ¢ almost 16 million metric tons of

CQeq emissions per year about 3.4% of - = Non-agriculture
the statewide GHG totdL.ee and Sumner, < 3% f;:nu:gmf‘;:ge;;’m
2014) as seemn Figure2. Halfof dairy

CQeq GHGs in California are emitted
during the stages of manure management
(CARB, 2014 urbingGHG emissions from DataSourcel ! w. Q&4 9 YA &
dairy manure management can play an

important role in reducing not only dairy GHG emissions but also’C& 2 Ny A | Q& G241+ € |
GHG emissions.

Enteric Fermentation

2%

The primary GHGs from dairy operations are methane)(Carbon dioxide (C£), andnitrous
oxide (NO).

Methane (CH) is a potentGHGHhat is Figure3: Non-Biogenic GHG Contributions
roughly 25 times stronger than carbon to Total Livestock GHGs, in CO2eq
dioxide(IPCC, 2007aMethane is also a
short lived climate pollutant (SLCP),

meaning that it persists in the atmosphere

for a much shorter time relative to other
greenhouse gases (12 years foChbout
100 years for carbon dioxiélg(CARB,
2016) This short atmospheric duration
A YONﬁ Fasa YSiKI yggé DataSource/ ! w. Q& 9Invehten F F 2 NJi &
to curtailshort-term climate change

impacts2 5 ANAS&a FFNBX GKS aAy3at S € -nmaEeSnetbianed2 y G NA 0
production- approximately 45% of the totdCARB, 2016About halfd/ | €t A T2 Ny A | Qa
dairy methane emissionsome from manure management and storagdethaneis

generated by microbes in environments without oxygen (anaerobic), such as in a

wastewater lagoon or, to a lesser degree, in a static pile of maf@wdrB, 2016\When

biogenic C@emissionsare factored out methane represents 94% of all livestock-€
GHGemissionsgeeFigure3).

m Methane
® Nitrous Oxide

Carbon dioxide (C&represents over 80% of &lIQ eq. GHGemitted by human
activity in the United State@JS PA, 2017a)CQalso accounts foa significant
percentage of total GHG emissions arising from dairy manure management and
composting systemsnce CQ emissions from manurare biogenic(seeBox4), this

1 As noted in other reports, carbon dioxide has a variable atrhesp lifespan that cannot be readily described by
a single numbe(CARB, 2016)
2n comparison, the effects of G@mission reductions will take decades or more to take eff€&RB, 2016)
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study des notincludeCQ emissions from
manure and compostinm its analysis of GHG
impacts It is important to note thatomposting VT Re! ) Eatol R el Re LT
would almost certainly result ilmited non- complicated by the fact that GQrom
biogenic C@emissionglue to increased use of UEULIERNEREECIC R IARCle )]
equipment. This study does not attet to decomposition of organic matter and i
measure those emissions.

Box4: BiogenicCQ Emissions

thus usually left out of GHG emissig
studies and accounting protocols (e.g
IPCC). These emissions are argued to
Nitrous oxide (MO)is an extremelypotent part of the natural carbon cyclas they

greenhouse gas (GHG) that has almost 300 would be released regardless of th

practice.

times greater warming potential than GOPCC,
2007b) NeO contributes about one third of the
G201t DI D SYAaaAa 2y lureSedtBr(Burgetef ah, PANGOI 6f Qa | I NA
which are generated by the application of fertilizers, including those derived from
manure(IPCC, 2007a; Davidson, 2003pwever N.O emissions are often highly

variable across operations, seasons, gedgrapheés N>O production from dairy

manure depends on the materials within the manure, the bacteria community that is

present, and environmental conditions, such as temperature and moig¢Mittoehner

et al., 2009)Studies suggest that-® represents a smalkpcent of total GHG emissions

from manure management, relative to c&hd CQ.

Production & Storage Impaais Greenhouse Gases

Methane (Ch) is produced byrganisms that survive only in anaerofoxygenfree)
conditions, like those found in lagoons astdtic piles of manure. Thus, in any manure
management system, maximizing methane emissi@dlsictionsmeansminimizng anaerobic
conditions.Studies have found thaterobic composting of dairy manure decreases CH
emissions relative to storing dairy mameusolids in anaerobic static pilésor composting
operations, several studies have reported that aeration reducese@ttsions from dairy
manure(LopezReal and Baptista, 1996; Ahn et al., 20419 swine manuréPaul et al., 2001;
Fukumoto et al., 2003 A metaanalysis of several feedstockencluding dairy waste found
that turned composting systems reduced methane emissions by a mean of 71% compared to
static pilegPardo et al., 2015)n the analysis, turning compost always reduced €hissions
compared to static piles. Forced aeration composting redunethane in most cases; for the
exceptions, the authors suggested the static nature of the compoaérated static piles
allowed anaerobic pockets to form, limiting £#nission mitigationActive management of
piles that ensures aerobic conditions is critical to reducing methane emissions.

Nitrous OxideN20) emissions are influenced byade range of variable@naterials within the
manure, the bacteriecommunity presat, and environmental aoditions)and the complex
interactions between these variable3 herefore, it ichallenging to assess the effect of
compostingrelative to storage in static pile$he conflicting results invailable research
reflects this complexityFor example, Amontal, 2001 found that composting decreasesN
emissions from dairy manusghile Ahn et al, 2011 found thabmposting increased X
emissions from dairy manure. Studies suggesting increlig@gmissiongrom compostingare
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buttressed by the 2006 IPPC @elines for National Greenhouse Gas Inventories, which
accounts for double the XD emitted from compost piles than from solid manure storage
systems. However, a more recent metaalysis questions the highep® emissions in the

IPCC's estimates for compa®mpared tostatic piles, given the lack of statistical significance in
the limited number of studies availab{fardo et al., 2015)

LandApplication Impacten Greenhouse Gases

We found insufficient data comparing the £#issions fromdand applyingcomposted and
uncompostedmanure. The research wid find showed little or no ClHemissions after
applying composfLessard et al., 199.7/resumably, the GHmissions during and aftéand
applicationwould be relatively low, since manure and compast spreadout when applied,
adding oxygen

Similar to the emissions during production and shortd$€) emissions aftefand application

of manures and composts are mixed. Generally, applications of high nitrogen inputs
significantly increase 20 emissias (Eichner, 1990; Bouwman et al., 200&pplication of

organic amendments like compost have been suggestechaetiaod to reduce soil YO

emissions in soils with highe® emissions, because compost reduced the nitrous oxide derived
from soil nitrogen(Zhu-Barker et al., 2015however, that has not been explored in depth.

There are a variety of factorsmoisture, temperature, andnicrobial activity among otherg

that affect the production and release of nitrous oxide emissions in soil. Therefordifftaslt

to make generalizations about composted manure applications versus manure. A relationship
between composting and changes to nitrous oxide emissions may exist, but available data
suggests other variables overshadowQizerall, existing informatin suggests that compost has

a minimal effect on B0 emissions and tha¥,0 emissions are a small portion 6Qeq GHG
emissions from manure.

Greenhouse G&3onclusion

The GHG benefit of compost is clear: composted masigwmificantlyreduces methane
emissionsand methane is by fahe greatest source afon-biogenicGHGs from dairy manure.
While svitching to compost coulglightly increase G@missions related to equipment usad
potentially NoO emissions, thsignificant methane emissiaeductionswould more thanoffset
these potential increase€alifornia dairies in particular have significant methane emissions
from manure management due to the prevalence of flush systems and storing significant
portions of the manure in anaerobic lagoowever,as stated earlier, this report compares
emissions of composting to the alternative of storing manure in static piles and not storage in
anaerobic lagoongCombining composting with manure management practices that rethee
amount of manure solids stored anaerobic lagoons such aswitching to drier systems or
using advanced solid separatiqwvould almost certainlyesult in additional GHG emission
reductions However, he magnitude of these additional GHG reductions would depend on how
these solidsaare removed and subsequently managed.

There are significant data limitations and a variety of accountmeghods thatwould change
the order of magnitude of the GHG benefits of composting, but it is clear that composting is the
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best manure management ojpin from a climate perspectivét would be worthwhile to
conduct Californidoased studies to quantify the magnitude of methane reduction from
different composting scenarios on dairies to infob@tter policy and regulatory approaches to
reduce dairy GHG eassions.

Air Quality

Air QualityContext

Air pollutants can creatempacts to human health and the environment. Six air pollutants have
been designated agiteria pollutantsbecause they are commonly fourathd negativelyaffect
human health at an acutéocal levelThe Clean Air Act requires the US EPA to set National
Ambient Air Quality Standards for criteria pollutarff®@me criteria pollutants are emitted

directly and some are created through atmospheric reactions of other emissicaled

G LINE @ diEsabgh the sources and precursors of each criteria pollutant differ geographically,
all criteria pollutantsare harmful to human health. Dairy manuzancontribute tothe criteria
pollutants ofgroundlevel ozone and particulate mattéinrough emisions of the precursors
ammonia and volatile organic compoun@dg0Cs)

, iInits gaseous form, is a significant air pollutant that can also pollute
water and soilln the atmosphere, ammonia can form ammonium sulfate and
ammonium nitrate aerosls. Both of these aerosols increase concentrations of fine
particulate matter, PM2.5, that lead to smog and impact respiratory hg@dVAPCD,
2015b) The aerosols can also harm ecosystem health through soil acidification and
water eutrophication Thoughmeasurements vary, dairies have been cited as being
responsible for over 26% of NEmissions statewidéBenjamin, 2000Manure storage
and application typically represent the majorityadiry NHs emissiongPinder et al.,
2004) althoughthe percent ofemissions at any given location on a dairy will vary based
on manure management practices and environmental facta@ach as temperature
and pH.

are organic compounds that have a low boiling
point, so they are releasenhto the atmosphere undetypical indoor and outdoor
temperatures VOCs can react with nitrogen oxides (NOx) and sunlight, producing
groundlevel ozoneVOCsre not a singular emissiaqthe termencompasssa wide
variety of molecules that are both humanade and naturally occurringnd the degree
to which they react to form grountevel ozone varies greatlidigh concentrations of
groundf S@St 21 2yS Ay GKS {ly W2l ljdAy == ffSe@
asthma rates being among the woistthe country(SJVAPCD, 2013k reported by the
SJVAPCD, "dairies are among the largest [anthropogenic] sources of VOCs in the Valley,
and these smogorming VOC emissions can have an adverse impact on efforts to
achieve attainment with healtlvased ailquality standards{(SJVAPCD, 2012a)
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However, researchas found that the majority of dairy VOCs come from dairy silage,
not manure(Hu et al., 2012; Hafner et al., 2013)

Production & Storage Impaais Air Quality

Meta-analysis of available researdhosved thatthe process o€omposting manure results in
more NHs emissions than storing the manurearstatic pile(Pardo et al., 2015Yhe majority of
the information aboutNH emissions found for the present report was drawn from that meta
analysisOnestudyin that metaanalysisshowed that static piles released a median of 9% of
the initial total nitrogen a®NH: during storage while aomposting system released a median of
39%(Hou et al., 2015)

This study and otheralsofound thatcomposted Ei _ : . .

) igure4: Ammonia Emissins, Static Piles
manure only releases Nftluring the and Compost
storage/turning stagewhile manure stored in

2 E  100.00%
static piles releaseNHs throughout storage and < 80.00%
land applicationstagesAs an example, one study % 60.00%
found that 42.5%0f allNHsemissions from €2 40.00%
uncomposted manurevere released dumng § §  20.00%
storage and 57.5% was released during land 2 0.00%
application while 100%of total emissions from i Stacked % Compost %
composted manurevere released during Storage and turningm Land Application

storage/turning(Amon et al., 2001(seeFigure4).
These results are consistenttivprior work(Menzi
et al., 1997)

Data source: Amon et al., 2C

Due to the lack of studies found on VOC emissions from dairy manure compost, the present
report drew on green waste compost research, as the composting process of each may have
similarities.One study on green waste @imd that composting "resulted in substantially lower
[VOC] emissions than the emissions that occur from natural biodegradation of the same type of
materials"(Buyuksdnmez and Evans, 20H9wever there is not a similar study comparing
manure compostingampared to static pilesand wecannotbe sure that the same would
necessarily hold trueResearch is needed to compare VOC emissions from manure static piles
to emissions from manure compost piles.

An additional consideration is the extent to which th@®s that are emittedubsequently

react to form ozone. According to one study, 1o 80% of the VOCs emitted by green waste
compostingare of the low reactivity typgGreen et al., 2011Also,the VOCs emitted during
green waste composting are alreadytle feedstocks; that is, the composting process does not
seem to create new VOCs or change existing \(BiGdiksonmez, 2009f the same holds true
for manure composting, then composting manure would only release the VOCs that fresh
manure already contas A study of cows in a California dairy found that VOCs from fresh
manure are of the low reactivity typ@loward et al., 2008 Research on VOC emissions from
manure-based compost needs to be conducted, ius possible that composting manure will

21



onlyrelease existing, low reactive VOGsthat casecomposting manurehouldnot increase
ozoneforming potential compared to static piles.

CARB states that manulmsed composting produces less VOCs and ammonia than biogenic
decomposition of manuréCARBundated; San Joaquin Valley Dairy Manure Technology
Feasibility Assessment Panel, 2QG&nilar to the green waste composting study cited above
However neither of these documents cites the original research, so rgeinableto

incorporate these findigs into our assessment of existing reseasniVOCs

LandApplication Impacten Air Quality Figure5: Ammonia Emissions by Phase
As discussed abovstudies show that 1200
manure compostloes emit moreNHsthan 13,200

static piles, butLl00% ofcompostemissions fzzz
. . 12,
occurbeforelandapplication.Manure that .
is stored in static manure piles continues 12,400
releasing ammonia during and aftend 12200
1 1 H 12,000
application(seeFigure5). s

11,600
Composting Static

This finding is important for mitigatingHs
emissions. While manure compost may have
more NHs emissions overall, the fact that Data source: Amon et al., 200:
these all occur in the production phase

means that it will be easier to contrblHsemissions as compared to static piles. Static piles
would require mitigation measures at both the storage phase and the land applicatioe,phas
and controlling emissions from land applicatiomxtremelydifficult.

Remaining m Storage mTurning ® Spreading

No research was found on the VOCs fromIdred application ofcomposted solidnanure or
manure COmposts.

Air QualityConclusions

Composting does appear to increase air pollésacompared to manure in static piles, although
the magnitudeof the increases well aghe resulting impact on air quality and human health
areunclear. Ammonia emissions appear to increase with composting, but there is not sufficient
research to draw fim conclusions on VOC emissions.

The combined ammonia emissions from storage and spreading of composted manure are
higher than static pile manurgseeFigure5 above. However,all of the compost ammonia
emissionsoccur in the processing/turning phase, where they are much easier to control as
compared to the land application phaseedearchers have noted that emissions from
composting could be reducdatiroughgood compost managemetty: (1) keeping the
temperaturesin the mesophilic rangéPardo et al., 2015and (2) adding feedstocks that result

in a wider C:N ratipAmon et al., 2001)Additionally, gaseous ammonia emissions represent the
loss of valuable nutrients from dairy manure and compost, which produegtaicly do not
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want. Therefore, mitigating ammonia emissions from dairy manure is desirable from multiple
perspectivesand it is easier to accomplish with compostihgn with uncomposted manure

Furthermore it is still unclear what effect reducing anemia emissions will have on PM 2.5
creation SJVAPCD cites research specific to the San Joaquin Valley that concludes that
ammonia concentrations the valley are extremely higlsJVAPCD, 20158t models created
by CARBNd supported by the SIVAPCD&nitoring network suggest that significant
reductions in ammonia would have limited impact on PM2.5 and sfogexample,ite model
predicts that even a 50% reduction in ammonia only red@amonium nitrate a PM2.5
pollutant, by 5%However,anumber ofresearchers think that reducing ammonia in the San
Joaquin Valley would have a greater positive img&svAPCD, 2015a)

Research found for the present report was insufficient to draw firm conclusions about VOCs
from manure compostSJVAPCitself states that there is insufficient data on VOC emissions
from dairy manure composting to make a ruling about its contributions to regional VOC loads
(SIVAPCD, 2012Basedon findings from research ogreen wastecomposting we suspect

that manurecompostingproduces a similar desseramount of VOC emissiontian

uncomposted manureFurthermore research suggests that VOCs from maraneslow
reactiveand thusless likely to react to form grourAlével ozone as highaeactive VOCsand

we expect that VOCs frooomposted manure would be similadowever,Californiabased
research on VOCs from dairy manure compared to dairy manure compustded to

understand the true impacts andform sciencebased regulations.

Soil Health

Soil HealtfContext

Soil is a méium through which water, energand nutrients flow. It idoth foundational to

terrestrial systems and essential to agricultural production. Farmers actively manage and invest
in their soil via tillage, irrigatigrand amendments to optimize crop perfoance.Intensive
agricultural practices, however, have resulted in kxsikat a rate higher than natural soil

formation (Montgomery, 2007; Amundson et al., 201Ayricultural productiorcan also

deplete the soil of valuableutrients and soil organic msr.

There is a need to add organic matteuch as manure or comptigo maintain and/or rebuild
healthy soilsn all types of agriculture, though these practices are typically associated with
organic production

LandApplication Impacten Soil Health
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The addition of organic matteywhether as compost or manurghas been shown to improve

soil quality and health. Animal manure was used for thousands of years as a soil amendment to

maintain soil fertility(Brady, 1990before being largely replaced Isynthetic fertilizers. While
synthetic fertilizers have been effective at delivering
nutrients to plants, they have not maintained the

health of the soil in which these plants gro8ynthetic Box5: Soils and Carbon Sequestration

fertilizers d not provide broader benefits that I e

compost and maures do, such as the following: release greenhouse gases to tt
atmosphere (Lal 2010). This is significg

1 Increase soil retention of water, thus reducing [RECEIRSRNE S S
crop demand for additional irrigatiofCelik et S GEN HTE TS (S Bl @
carbon held in the atmosphere (Batje!
al., 2004; Brown and Cotton, 2011) 1996; Lal, 2010). In fact, in the Unite
91 Decreasd soil bulk density, thus reducing States agricultural soil managemer
compaction, supporting root growth, and contributes about4 times more GHC
enablig better air and water flowCelik et al., emissions than manure management (4

2004; Meng et al., 2005; Johnson et al., 2006; Sy A
Brown and Cotton, 2011)

California agriculture contributes to thg

1 Increasel soil organic matterthusimproving ailrisSQa DI D SYraaa
soil structure, water storage capacity, fertility, REERIEERER N IE RN RORT
biological activity, and buffer against 0% problem (Suddick et al., 2010). Soils ¢
(Min et al., 2003; Celik et al., 2004; Christophe Ziggiis;ﬁ; S'\%Zﬁargggﬂgs 223?(:22”"
and Lal, 2007; Brown and Cotton, 2011) carbon such as manure are added (I

1 Carbon sequestration from the atmosphedee Gryze et al.,, 2009). Research has a
to building of soil carbon conterf€Christopher shown that the addition of relatively

and Lal, 2007; DeLonge and Silver, 2013; Ryal{ it eI BRI

significant effect on sdil a oA
et al., 2014)(SeeBox3). sequester arbon. Agriculture can help

reduce greenhouse gases both
In addition to the benefits they sharepmpost has reducing emissions as well as |

many practical benefits ovemcompostedor semi canceling out emissions from othe
compostedmanure. For instance, compost piles reach [Issthass

temperatures that killveed seeds angathogens,

includingE. ColiSalmonellaandListeria(Pell, 1997; Rosen and Bierman, 2005; Entry et al.,
2005) For farmerscompostreduces the risk of introducing nepathogens andveeds to their
fields when applyingnanurebasedamendments.

It should be noted I G Y I ydzNBE 0O2YLlR2aid O2yiGlAya fSaa
than uncompostednanure and, as a result, is considered to have less agronomic value
(Cambardella et al., 2003n other wordsuncomposted manure allows for moshort-term
nitrogen uptake by plantas compared to composted manutdoweverthe greater proportion
of organic nitrogen itomposted manure allows for longésrm nitrogenavailability and
reduced rislof runoff or leaching.

Soil HealttConclusions
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Both composted andincomposteddairy manure offer soil quality benefits agricultural lands.
Researclis clear that usingompost and manure as soil amendments benefits soil quality in
numerous ways. Among a long list of positive attributes, itinareasesoil water holdng

capacity, enhance soil structure, add nutrients, protect plants from pests and djsaate
enhance soil carbon sequestratiddowever, manure compost has some benefits over
uncompostedmanure, including fewer food safety concerns de@er water qualy risks

Manure compost has comparatively less immediate agronomic benefit since it contains lower
amounts of inorganic nitrogen, but the stability of the organic nitrogen decreasiesf

nitrogen runoff and leachingnd leaves nitrogen in the solil ftater use by plants.

Analysis of Crodgledia Environmental Impacts

In evaluating the potential for dairy manure compost, it is critical to take a holistic approach to
ensure the environmental analysis is an accurate reflection of net environmental isnpac
this study, we conducted our research and analgsi®ssseveral levels

1 Multiple impacts within water, air, GHG, and soil health

1 Impacts at thestorage/processinghase and at the land application phasad

1 Impacts of ompostingmanurecomparedto existingpractice of solid manure storage

This type of comprehensive analysipasticularlyimportant with manure managemerss
there is no perfect solution from an environmental standpaijrthere will always be some
amount ofpollution generatedso the multiple environmental impactaust be assessed.

While more robust, relevant research is needed, available resesugigestshat dairy manure
compostingcanreduce water quality impacts, improve soils, and reduce GHG emissions from
dairies withcomparatively minimal impacts to local air qualithhese findings are significant
given that nitrate leaching to groundwater and methane emissions are by far the two greatest
impacts of dairy manure management in the San Joaquin Véalecrossmedia

environmental impactgindings are summarizeid Table2 below.
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Table2 - Summary ofCrossMedia Environmentalmpacts of Composting Dairy Manure

Pollutant Storage & Production Impacts Surface Application Impacts Conclusion
Compost reduces nitrate leaching risk in soils by
. . . stabilizing nitrogen and releasing it slowly over Fih q
ComBSiTGS e (2 (ETEEE e Balies time Cori ost gan be distr'lbut::i over Ia\: er Comp_ostlng_ls 2 ciear solu_tlon 0
Nitrates the risk of leachate as compared to storage of L 2 X & reducing dairy water quality
z I T s distances and on more crops, helping solve impacts. It decreases leaching risk
= : significant challenge of over-application in during both storage and land
Sv concentrated areas. application as compared to
:l-l_, TS SE e il (e e s Compost can be distributed over larger distances unco_?post:edt_ma?ure. Italso
: o rovides solution for over-
g Salts the risk of leachate as compared to storage of ELTEE IR Rl he_lpln_g so_lve et 2 lication of manure, which is
. L challenge of over-application in concentrated pp n bt
manure in static piles. — responsible for 95%+ of nitrate
leaching from dairies.
Pathogens Composting kills pathogens found in manure. Composting kills pathogens found in manure.
Methane Cum_postlngmg_nlﬁcantly re_duces CHy Em!55|0n5 Unclear, but likely similar and minimal for both
o relative to static manure piles by promoting .
] (CHy) 3 . compost and uncomposted solid manure.
@ aerobic conditions.
[%]
] o . - Compost produces a net GHG
oo - . . CO, emissions from manure are biogenic, so are L
O CO, emissions from manure are biogenic, so are . - ) benefit. Significant methane
7} Carbon . - - not included. CO, emissions from equipment are .
3 - not included. CO, emissions from equipment are . o . - reductions more than compensate
] Dioxide . e . - not included in this report but are likely slightly P A
= not included in this report but are likely slightly e L for potential slight increases in CO,
c (COy . . . R lower for compost application since itis lighter .
o higher for composting due to pile turning. ) from equipment and N,O.
O and less voluminous.
|
= Nitrous
) Unclear. N,O emissions are highly variable based on a variety of conditions unrelated to composting.
Oxide (N;0)
. Signiﬁcar_ltlygreater NH; emis_s'luns from _ Ful!y c_umposted manure (_ioes nu_t release NH; Compost produces a net increase in
Ammonia composting compared to static man_urfe piles. em_lss]ons when land applied, while NH; air quality impacts, although the
= (NH;) _How_ever, 100% of NHg_c_omPosF eml:ﬁsmns occur e_m|:_;5|0ns fror_n_un@mposte_d r_nanure can be magnitude is unclear. Emissions of
= in ’[hl? ph_ase, where mitigation is easier. Unclear 5|gn|_ﬁca_nt. l_\/lltlgatlo_n of emissions from land NH, from manure compost are
8’ contribution of NH; to PM2.5 applicationis very difficult. greater than uncomposted manure,
= Volatile but they are easier to mitigate
< Bz Research needed. Unclear. Existing research suggests there may be decreased VOC emissions from because they do not occur during
G compost compared to static piles, but this needs to be verified. VOCs from manure and manure land application. More research is
(VOCs) compost appear to be low-level contributors to ground-level ozone, but this needs to be verified. needed to determine VOC impact.
_ < Manure and compost share many benefits for improving soil health, but compost enables
E T.‘; N/A soil health benefits to be achieved on significantly more acreage since it is easier to
T transport and the composting process kills pathogens and weed seeds.

We havdimited the scopeof this reportto examining the environmental impacésd benefits

Key

Positive Impact (Benefit)

Neutral or Little Impact

Negative Impact

Unclear or N/A

of compostcompared to themost directly comparablalternative storing and fieldapplying
uncomposted solignanure. As discussed in Section 1, manure managesystémscan

incorporatecompostin different ways If we were tocombinecompostwith other changes in

manure management practices, we would likely see different, and positive, imJduts,

manure composting can keestandalone solution ot y &@yRR a2 f dziA 2y

to managing ranure and reducig environmental impacts

Conclusion anédRecommendations

The available research indicatiégt composting manure isnvironmentally beneficial overall.

Composting generatesignificant benefits to water quality and methagéy far thetwo

greatest environmental impacts of dairy manure managengeand relatively minimal increase
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in air quality impacts, some of which can be easily mitigatbd.researctwe found was
primarily conducted outside of California and&tudiednon-manurecompostfeedstocks.
While the relative impacts seem clear for most pollutaftke exception being volatile organic
compounds)ijt is not possible to make definitive conclusions about the magnitude of the
impacts due to the lack of comprehensive Califofoéged research.

Recommendation 1Initiate comprehensiveCaliforniabased researcltomparingdairy
manure compostingto existing manure management practices in order quantify the
magnitude ofimpactsacross environmental media

Relevant research on mare compost in California is scarce, but research in other regions
and/or on nonmanure feedstocks suggest that composting manure is likely a net
environmental benefitWe needfield-scale research in the Central Valleygtoantify the
magnitude of enviromentalimpacts and tradeoffef production and application of manure
compost.This research must be comprehensirecludingall of the following (1) it must
comparedairy manurecompostngto existing manure management practic€®)it must look
acrosamultiple air, water, and GH@ollutants;and (3) it must measure the fulife cycle e.g.
collection, storage/processing, and use (typically land applicatidr.results of this research
will help shape more sciendesed policyand mayenable more crasagency collaborative
approaches to regulating environmental impagtsoth of which would lead to better
environmental outcomes.
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SECTION BEGULATORY BARRIERS FOR MANURE COMPOST

Asexplainedin the previous section of this reparthere aresignficant gaps irour
understanding of theenvironmental impacts and benefits of composting dairy manure,
particularly concerning the real impact of VOC and ammonia emis$iomethelessour
review of existingesearchshowsthat the productionand use of diry manurecompost can
result insignificantGHG emission reductions and water quatignefits¢ by far the two most
significant impacts of California dairig3alifornia policymakers and regulators must make
several improvements to current regulatoryqgrams affecting dairies to achietieese
environmental outcomes

We believe that #ective regulations and permittingequirementsto protect theenvironment
shouldhave three fundamental qualities:

1. They should be based on the best possible science,swifitient flexibility to respond
to changes in the science over time.

2. They shouldrioritize risk reductiorand the achievement of real, beneficial
environmentaloutcomes Overly NG & O N LEizaBASh & 21yiSt ¢ LINRP OS&aasSa
compromiseunderlying enviramental goals.

3. They should provide clear and certain expectations and requirements for potential
permit applicants.

As discussed in Section 2, several different regulations apply to dairy comp&iimej.
however,achievesll threeof the fundamentabualities statedabove Instead, current
regulations appt excessive emphasis amclear and/ormrelatively lowrisk impacts, creating
strong disincentive for dairies and composters to engageanure composting and impeding
achievement of more signifiod environmental outcomesThis is not the result afegligentor
obstructionist action on the paf regulatorslt is the more or less inevitable result of a system
in which individual agency mandates exisinfiexiblesiloscreated by state and, irhe case of
state and regional water and air quality agencies, federal regulatidms.section provides
detailson theregulatory challenges facing dairy operators who wish to implement composting
and concludes with recommendatiore steps that could b&aken to allow regulators to take a
more integrated and outcombased approach to dairy compost

San Joaquin Valley Air Pollution Control Distric

Lack of certainty concernifgst Available Control Technold8aCYrequirements

In our conversations wh dairy operators, we heard repeatedly thidite single greatest obstacle
to starting to compost manuren an existing dairis the lack of clarity about what would be
required by the SIVAPCD in order to obtain a peamit the assumption that the requireemt
would be costprohibitive. The crux of the issue concerBsst Available Control Technology
(BACY.. !/ ¢ A& RSTAYSR ¢émissidnkntationveodatrol a 0 NAy ISy i
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techniqueX | OKA SOSRXANX ERNdzOR ADS 6S 0240 S&MHEOIA DS |
(SJVAPCD Rule 2201, Sec. 3¢16)S R A & ( NJ g6t forth a hsiaf nBtigatiqn opgtions

from which an applicant can pick a required number, based on the giofg&é ¢ SiG G2y yl 3S
throughput. WhileG K S | LJIs#le&tion mayit€rhnichl satisfy the requirement of Rule

4565,the new application triggesRule 220X Newand Modified Stationary Source Review

which requiresa review of BACTH. the review of BACT finds thetere arecontrol methods

that could achieve better emission rections than those proposed by the applicamtd that

these controlshav& A § KSNJ KI S 06SSy &l OKASOSR Ayse LINy OGA O
controlsmust be evaluated and potentially incorporated into the requirement of the new

permit. The onus ishen on the applicant to demonstrate that the technically feasible

alternatived | NB y 20 O23FFSDEI30Ox08@ OMAANHBYyGfe RSTAy
of VOC reducedf the technically feasible alternative shown to be cost effectivé becomes

the BACT for the projecThus,Rule 4565 is theninimumstandard for BACqQ the SJWPCD is

empowered togo beyond it when determining BACT for a proj€insequentlya dairy faces

great uncertainty in what will be required to obtagnpermit fom SJVAPCD to operate a dairy
composting system. Tis a significant disincentivior adairy producer who must invest time

and money to complete a permit application without reasonable certainty they could

afford the BACmitigations thatwould be required.

SJVAPCD is in the process of developing a calctddberused by a dairy operator to obtagn

general idea about what would be required in order to obtain a permit based on the feedstock,
method of composting, method of emission control, ahd amount of manure being

composted2 KAt S GKS | OGdz-t FY2dzyd 2F | LINR2SO0Qa LJ
SJVAPCD on a cdsecase basis and involves variables that a calculator cannot caphére, t
calculatordoes represent a significant inier step towards providing more clarity for potential

dairy manure composterdJsing a draft version of the calculator provided by the SIVARED
estimated that VOC offsets would be triggered around 12,000 wet tons of feedstock processed

per yearusing tuned windrows and the basic BACT required by Rule 4565. Using more

advanced BACT, a compost producer could avoid purchasing VOC offsets for a system
processingip to 26,000 wet tons of using turned windrows. For perspective, a dairy producer
composting 25%f all the manure generated esite would hit the 12,000 wet tons threshold at

about 2200 cows, and the 26,000 threshold at about 4700 cows. The average size dairy in the

San Joaquin Valley is 80200 milk cowgCDFA, 20167 he offset threshold is impaanht since

VOC offsets can be very expensive. The price fluctuates, but SIVAPCD uses a price of $5,000 per
ton of VOC:s for offsets in the calculator they provided to us.

To address the uncertainties described above, the SIVAPCD nesd®kop a finaBAQ

Guideline for manure compostiran dairy sitesBACT Guidelines provide an applicant with

both BACTs achieved in practice and those considered to be technically féas@jgarticular
activity, thereby providing clear guidance on what BACT would deceptable to the SJVAPCD.
Having such a Guideline in place for composting dairy manure would reduce both uncertainty
regarding BACT requirements (enabling proper business planning) and permitting costs.
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InflexibleVOGstandardghat are based on insugfent dataand failto account for comparative
risk

While an approved BACT Guideline for dairy compostimgid be a step forward, its value will
depend on whether and to what exteBBACT taindards are based omelevantscientific data
and the environmentboutcome The first challenge is that thers insufficient data on VOC
emissions from compostingf dairy manure SJVAPCD has identified a VOC emission factor
manure compost of 1.78lbs VOCs/wet (8JVAPCD, 20168)oweverthis emission factor was
established based on researoh cocomposting of greemwaste, biosolids, and/or animal
manure and not on composting of animal manure itsélirther, the guideline does not
evaluatehow those emissions compare to the alternatiy@mmon practicef storingsolid
manure instatic piles Gollectingdirectly relevantCaliforniabased dataon VOCs from manure
and manure compost is critical to ensure permitting requirements reflect aghakemental
environmental impacts.

The SIVAPCD has stated that "daiaee among the largest [anthropogenic] sources of VOCs in
the Valley, and these smdgrming VOC emissions can have an adverse impact on efforts to
achieve attainment with healtitvased air quality standard$SJVAPCD, 2012ljowever, his
statement fais to make two important distinctions relevant tmmpostproduction on dairies.
First,the large majority of VOC emissions from dairies come from dairy silage, not manure.
Secondnot all VOCs arereated equaln ozone formationresearch suggests thatéivOCs

from manure do not react as easily as other types of V(@@sr to Section Z Air Quality for a
more detailed discussion of these issud$e necessary CaliforAmsed research on VOCs

from manure should also measure the reactivity of the VQ@ited during manure

composting. This research should be a high priority for SIVAPCD and CARB to ensure that any
permitting restrictions are based on real, scientifically proven environmental and health
impacts instead of a onsizefits-all approach thatumps highly reactive and leveactive VOCs
into the same regulatory approach.

Obtaining solid scientific datan the impactof dairy compostinggn VOCemissiorsis only the

first step.Local agencies must also be empowered to utilize this data and ddgisprograms
accordinglyThe SJVAPCD is responsible for implementing and enforcing air quality standards
established by the US Environmental Protection Agency (US EPA) under the federal Clean Air
Act.US EPA not only sets the goals that the districtihmoeetc it also creates strict limits on

how the district goes about meeting thetdS EPA currently does not allow the SJVAPCD to
make any distinction between VOCs based on different reactivity |eMeisrestricts SIVAPCD
from prioritizing more targetd and efficientregulation ofthe highlyreactive VOCs that present
the greatest threat to public health

Lack of a wholsystem approach for evaluatiegissions from dairies

Currently, if an existing dairy wishes to start compostiagnanure, or expad existing
composting, that activity is considered by the SIVAPCD tahend stationary emission
source separate from the dairy, requiring a separate perAsta result, the composting facility
is assumed to be starting at an emissions level of zenwy emissions determined to be
resulting from the operation are necessarily an increase in emisdimwever, this premise is
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entirely false ¢ asdairy manure produces emissions before and without compgstiand fails

to reflectO 2 Y LJ2 anétinypac@miemissions from manure manageme®JVAPCD should
revise its approach to new source review to account for the net impact of implementing dairy
manure composting compared toRal A &kBstidgimanure management system. Furthermore,
as stated inSection3, some findings referenactby CARBuggest that composting manure
generates fewer VOCs than the biogenic deterioration of martiferther research confirms
these findings, then th&JVAPCibt factoring in existing emissions results in regulations that
impede a practice that reduces air quality emissions.

State and Regional Water Boards

Uncertaintyabout the implementation of théompost General Ordand possible conflict with
agency water quality mandate

The $ate Water Resource<ontrol Board (SWRCB recently adopted a Compost General Order
that imposes stringent requirements on any facility that wishes to compost maiitue.
CVRWQCHIIl be in charge of implementing tteompost General Ord@rovisions in the San
Joaquin Valleyand it has indicad that a dairy whose manure storage areas are currently in
compliance withts DairyGeneral Orderequirements will be considered to be in compliance
with the GompostGeneral OrderThis appears to be a sensible example of gplicative,
outcomebasedregulation,but it is complicated by th€\RWQCR & a i | tbfeRsellde | y a
Dairy &neralOrderin 2017 to be more in line with the requirements of the Composh&al

Order. While the SWRCB has stated that ®dRWQCB will continue to have discretion
concerning the standards to apply to an individual application, it has also stated that its policy
goal is to establish the Compose@ralOrder & G KS & Ff 2 2 NEWateeQualityt £ § KS
ControlBoards. This adds considerable uncertainty to the pects of permitting orfarm dairy
manure composting.

If the C\RWQCB revises the Dairgr@ralOrder to require that onrdairy compostingneet the

Compost @neralOrderQa ¢ ASNJ LL NB3IdzZ F G2NBE ONRGSNAREF F2NJ |
asphalt, concreteor soil compacted to depth of at least one foot, wastewater management

plans and lined ponds, etci),will create a disincentive for composting manure amd

significantly impede the achievement itd own mandate to improve water quality in the

region.

Disincentivizing compost is counterproductive to®ev2 v/ . Q& YI yRFGS F2NJ (4
First, the Dairy éneralOrder requires practices to avoid surface runoff and leaclohg

contaminated water As mentioned previouslgéeSection X Water Quality, research

suggests that compost reduces the risk of leachate as compared to storing manure in static

piles. Thereforecomposting should be the preferred option over static piles to reduce risk of

surface runoff and lezhing. Secondhie Dairy @neralOrder requires dairies to achieven-

farm nutrient balance An important means for doing so is through the export of excess
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nutrients. As this report shows, compost is currently one of tbe options for nutrient export
when consideringenvironmental impacts, potential customer basad dairy economics.

CalRecycle

Need for Clear Guidelinks Enforcement Agencies

hdzi 2F +ft 2F GKS | 3SyOASa 6A0GK 2dzNARARAOQUAZY
requirements appear to be thenoststraightforwardandleast onerous for a dairy proposing to
compost manure ossite. CalRecycle provides an agricultural exempfmrmfarms thatcompost

on-site if they handlematerial derivedsolely from the site and returan equal amount of

compost to thesamesite orto another site owned or operated by the same enti§o more

than 1000 cubic yards of compost generated from such a site can be sold or giveim 3way

The agency also provides a relatively straightforward pemg process for composting

facilities handling agricultural material and up to 12,500 cubic yards of green material (including
manure) on site at any timg. dzOK T OAf AGASa Ydzad Y S&eping/ | f wSO& «
requirements for notificatiortier facilities and be inspected byLacal Enforcement Agency

(LEA either once per year (if only agricultural materials are compostedhree times a year

(for combination green/agricultural material operations).

The main concern that arises from timstification-tier permitting process is a lack of
predictability and uniformity ilow the LEAdefines certain regulatory ternthat determine

tier classificatiorand how it assesses compliance during inspectiéis.exampleit is up to
LEAs to determineshether certain woody materia® 2 Yy A G A (1 dzi S 'y & veBwRh Odz G d
| gréen materiad as well as what classifies@sy | G S N IHifished gbS\pokittdad an LEA
defines these will determine thiger under which the facility would be place@dditionally, the
LEA must determine whether adequate controls for flies and odors are in foatee
composting operation when they do their inspectiofidies and odors already exist on dairies,
and it is up to the LEA to determine aths existing and tat might be new due to the
composting operation. LEAs could approach these scenarios very differently, leading to
inconsistent implementation of a seemingly clear regulati@reating and communicating clear
guidelines that apply to all LEAs woplavideconsistency and certainty for both the facility
operators and LEAs.

CalRecycle, the Administration, and the Legislature

Funding Imbalance

California has a long history of enacting laws that mandate that solid waste, and particularly
organic waste (fod, lawn clippings, etcbhe diverted from landfills, startig with AB 939 (50%
diversion)and leading to AB 341 (75% diversion) and AB 1826 (mandatory commercial organics
recycing).SB 1383 requires that there be a 50% reduction from 2014 levels inrttiglliag of
organics by 2020, and a 75% reduction by 2025, along with a 20% reduction in disposal of food
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waste by 2025These mandatekave resulted irsignificantfunding and supporbeing provided
to pay forresearch and market development for cposting of municipal green waste.

Composting of agricultural materials, including dairy manhes, not benefited from this
funding, as its feedstoclkdo notgo to landfills and are therefore not included in the legislative
mandates for diversioms this r@ort shows both research and market development for dairy
manure compost are needed to ensure succeds MK A S @ A ¥ SgoaisKrSLCR/SiBBSE, S Q
the Healthy Soils Initiative, ardB 1045seeSection dor more a these initiatives)Currently
availablefunding that could belirected tomanure compostomesfrom the Greenhouse Gas
Reduction Fund@GR); and GGRF moneenerally cannot bepenton research and market
development! 3Sy OA Sa s (i K&, al #h&IygamimErd to identify or create
and provide money tother funding poolsand direct those resources providethe scientific
and economic foundationeeded for dairy manure compost to contribuidlyi 2 G KS aidl 4SQ
climate and water qualitgoals.

Conclusion an®Recommendations

The inconsistency, complexity, and lack of clarityeglulationshas been one of the primary
barriers to compost productiorin some casegermitting requirements are simply unclear. In
other casesthe regulatiomsare based on limited and/ancompletedata and could actually
prohibit better environmental outcomes. In order to establish effective regulatory and
incentive programs, there is a critical need to conduct Califeoased research on the
magnitude of he impacts of manure compost relative to current practices.

Finally, and importantly, theucrent regulatory approach does naippropriately consider the

net impacts from composting dairy manure across water quality, air quality, and greenhouse
gasesThs siloed approach to managing pollutants on dairies results in lost opportunities to
addresghe most pressing environmental impacts of manwaed could actually lead to

negative environmental outcomes at a regional scale.

Recommendatiorl: The SIVAPCEhould geate clear andsciencebasedBACT Guideties for

new or expanded compostingn dairies.

First, policymakers shouldtain more Californidbased data on thguantity andreactivity of

the VOCs emitted during manure composting, and base composlkataguon its real,

scientifically proven environmentahd healthimpacts.This includes evaluating and regulating

the emission impacts of compostingonadairy 8 SR 2y GKS RIFIANERQa ySi
from its previous manure management systewhichthe regulations currently do not do. By
ignoring existing emissions, the regulations could actually disincentivize adoption of a new
practice that has lower emissions.

O
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Recommendatior?: TheC\RWQCBhould consider compliance with the existing
requiremerns of the Dairy General Ordeaas constituting compliance witlthe siting
requirements ofthe new Compost @&neral Order.

Composting disy manurecan greatly reducgvater quality impact®f dairies. The stringent
requirements of the ComposteaeralOrder will disincentivize adoption of compostiran
dairies.Composting reduces risk of leachate and is ohthe only economically viable options
for dairies to export excess manure. Therefore, disincentivizing composting through Dairy
GeneralOrder requirementswill inhibit dairy producers fnm meeting the requirement of that
same Dairy éneralOrder, and could lead to poorer water quality outcomes

Recommendatior3: CalRecyclshould provide clear guidance to ensure Local Enforcement

Agencies are consistentihow they interpret and assess compliance with the notification

tiers of the Agricultural Material Composting Operations and Green Material Composting

Operations.

2 KAETS /FfwSOeO0f SQa LISNXNAGUGAY HAgridkfipldeatdiBn8 y G a T2
up to 12,500 cubic yards of greematerials onsite are notoverlyonerous or unclearhey

often require notification of and inspections by LE@srrently, the interpretation of

I fwSOe Of SQ&lefiNShe amividiaV BAY 1 AR A AtG MdpdrtAngto/ensure

clarity and consistency by providing clear guidance to LEAs in how they interpret, and assess
compliance with, the regulatian

Recommendationd: CalRecycle, the Administration, and the Legislature should identify

funding pools otler than the GGRF in order to fund needed research and market

development for dairy manure compost.

The state has dedicated significant resources to support diversion of organics from landfills.
DAGSY Al0a aArA3IYyAFAOI yi LI GirSnyhéntalgbals, @iy mgngré LI | OKA S
composting should be provided the same level of support for research and market
development.Currently only GGRF funds have been allocated for efforts related to manure

compost, and these funds cannot be used to fund reslear market development.
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SECTION MARKEFOR MANURE COMPOST

While there is very little published information available about the ke&for compost in
Californiag and even less othe market for manure composfindings fromour interviews
suggesthat the market is strong and growir(geeAppendix ). Whether a dairy should begin
compostingits manureis a decision that depends dooth demandside andsupplysidefactors
Demandsidefactors includesde price, customer proximity and size, atustomer
expectations for product consistency, quality, nutrient content, and contaminatéioals
Supplyside factors include the followinguantity of compostable material, land availability,
equipment needspermitting, and production and transportation costs

Demand

Demand for Compost in General

We could not find any robust publically available analyses on the demand for compost in
California. Howeverffindings fromour interviews with compost producersd industry
professionalsuggestedhat demand hagenerallyoutstripped supply for several yeart the
same time, ompost marketsare geographicallgensitivedue to shipping costihat limit the
feasibility of moving supplng distanceso meet demand. Thus,while macrelevel demand
may outstrip supply, it has been common to see excess suppbnieregionswhile other
regions experience shortagerhis suppidemand disconnect can occur whemde municipal
composting operationswhere most composs currently being produced, are located far from
rural agricultural areas, where demand is hdjre to the sheer acreage available for uae
2008 CalRecycle survey found that agriculture accounted for 71% of the 2.79 million cubic yards
of compost soldn the Central VallegCalRecycle, 2010)

Portions of the San Joaquin Valley experience this stggtyand disconnect and would benefit
from a more decentralized production model utilizing agricultural materials, including manure
from dairies.Filling thg gap will be even more critical as demand for compost in the agricultural
sector increases. Experts we interviewed were consistetitair opinion that demand will
increase becausagricultural producers, especially younger generations, are increasingly
interesting inbuilding soil healttand see compst as one tootoward this goal

I ANRA Odzf G dzNBFQa 1S@ NRtS Ay O2YLRald BV YRS y24
CalRecycle repartvhich states thab #Agriculture continues to be the largest siagharket for

compost in 200&there is still much that is not known and potentially a great dealagfacity

within this market segmerit(CalRecycle, 2010)Ve would agreeOver 10 million acres were

planted and harvested in the San Joaquin Valley in 20BDANASS, 2017)fjust 5% of those

acres applied three tonsf compostLJIS NI | ONB 6 KS f26SN) KNBaKz2ft R
Healthy Soils Incentive Prograntie demand for compost would kabout 1.5 million tons, or

about 3.37 million cubic yasd This represents about 1.4 million cubic yards more than was sold
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to agriculture in the entire Central Valley (e.g. not just the San Joaquin Y@#déyecycle,
2010)

Demand foMManure Compost

Although we could not find any demand forecasts, our migwrs with experts and potential
customers suggest that themand for manure compost could be quite lar@airies in the San
Joaquin Valley are surrounded by vast agricultural productisigraficant customer base
Many agricultural producers alreadyppreciate the value of manurea material that has been
used for generations to build soil health and provide plant nutrieGtenposis increasingly
seen as an alternative to manutigat can also be useahore readilyon humanconsumed

crops However, ihished compost can vary widely in quality and content based on the source of
raw materialfeedstocksjand the composting processherefore, the likelihood of agricultural
producers purchasing compost produced from manure depends on their expectations fo
content, quality, and cosManure composhassome advantages and some disadvantages
compared to compost produced from other feedstocks

Customer Preferences for Manure Compost

The primary advantage of manure compost is that it
G§SyRa (2 o/SNEJzQIKK | ayOtO2IY L
from municipal feedstockdunicipal compost
feedstockscancontainlargeamounts ofinert
contaminantssuch aglass and plastics arising from
poor separationseeBox6). Although some
composters are using very sophisticated mechanis
to separate out inerts before and after composting,
some of these contaminants will nonetheless make i
into the final product. Additionally,ard scraps can
contain herbicidesoils, and other chemicalspsne of
which may persist through the composting process :
These chemical contaminants can be of particular Photo courtesy of Kevin Bafnse;vidc\ile'ageBg'i‘zggﬁ
concern for some customers, especially agricultural

producers.Unless it is very poorly managed arrdss
contaminated manure should not contain thesnert Dairy manue feedstock pile
and chemical contaminants.

Box6: Municipal feedstock pile compare
to dairy manure feedstock pile

Municipal feedstock pile

A second advantage of manure compost is that it
typically has a higher nutrient value as compared to
compostfrom municipal feedstockWhile most
customers typically do not look at nutrienbntent as
a primary driver fo use of compostit is nonetheless
one of the factors used when comparing different
types of compost. In fact, some agricultural and
horticultural representatives stated that when
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fertilizer prices surge, compost with higher nutrient content can beconmeesghat
competitive with synthetic fertilizers, depending on plant needs.

This combinationof & Of SFySNE 0O02YLR2ad yR KAIKSNI ydzi NA S
based compost is typically sold at a premium over compost made from municipal feedstocks.

Cusomer Concerns aboanure Compost

/ dza G 2 YSNAR Q LINA Y anbicBbage@ oprapSsislara thai ik isi skisceptible to
contamination from veterinary pharmaceuticals, pathogens, and salts. Fortunately, each of
these threatscan begreatly diminishedhrough thecomposting process, as describiedox?7.

Box7: Manure Compost Contaminants

PathogensManure contains pathogens such Bs coli Salmonella and Listeriathat pose serious risks to
human health and the environment. However, the composting process has been found to be very effec
killing these pathogens, and composting standards are designed to ensure the proper practices are fc
to achieve this patbgen kill. Composting standards by CalRecycle, OMRI and USDA, require that compc
reach temperature levelsof 13T n x C F2NJ 6 KNBES 02y aSOdzia @S RI &a

days for turned windrows. These practices have beemdoto sterilize the pile, eliminating over 99%ofcoli

SalmonellaandListeria(Larney et al., 2003; Grewal et al., 2006; Shepherd, Jr. et al., 2007). It is importi
note that compost piles can have temperature stratificationgarticularly nonturned piles. However,
attention to detail and proactive management strategies such as turning/mixing, appropriate carbc
nitrogen ratios, thorough temperature monitoring, and sufficient lab testing can overcome these obstacl

Salinity:Elevated lgels of salinity can be harmful to water quality, soil health, and plant production. Hi
saline soil amendments are of particular concern in some parts of the San Joaquin Valley where groun
and/or soils already contain high salt concentrationsm@ost made from manure or food waste feedstocl
typically has higher salinity than compost made from green waste feedstocks. The higher salinity is a r
both the higher nutrient content (some forms of nitrogen, phosphorus, and potassium are saglbas

other nondesirable salts, such as sodium and chloride. Therefore, it is important to understand what sa
present and the tolerance for those salts. While a farmer with highly saline soils should exercise cau
study at UC Riverside iedudes that agricultural application rates are unlikely to introduce enough salinit
stunt plant growth (Reddy and Crohn, 2012). The study found that, while the salt in composts can de
plant growth in the same fashion as other souroésalinity, the benefits of compost generate a net increa
in plant growth rates. This finding is consistent with other research (Wright et al., 2008; Tartoura et al., ;

Pharmaceuticalsthe persistence of pharmaceuticals can harm human healitttemenvironment. Veterinary
pharmaceuticals (e.g. hormones, steroids, antibiotics) are routinely administered to livestock. 70% to ¢
these pharmaceuticals (Kumar et al., 2005; C8aaford et al., 2009; Massei et al., 2014) are not absorbec
the animal, and are excreted in urine or manure. However, several studies have demonstrated that comp
generally reduces or eliminates these compounds from animal manure (Dolliver et al., 2008; Arikan et al.
Ramaswamy et al., 2010; Derby et al., 20/u et al., 2011; Hu et al., 2011; Barditnt et al.,2013; Zhang
et al., 2014). These findingsuld help explain why pharmaceuticals did not emerge as a customer conce
our interviewswith agricultural and composting stakeholders.
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Supply Chain Restrictiams Manure Compost

Although compostingeducespathogencontaminationin manure food safety concerns will
remaina hurdle for widespgad adoption of manurdased compostdvlanure @mpost
producers will have to contend with stristandards from regulatordrade associatiog) and
voluntarycertifications and agricultural producers will have to navigate inconsistencies in
recommendatios and restrictions for application of manure compost to hurcansumed
crops

An early draft of thedderal Food Safety Modernization &f t NP R dzO $eqrdd& S G & wdz
45-daydelay betweerthe application oimanurecompost andhe harvestof producecrops

due to concerns about pathogens. However, the final Produce Safety rule removed any

restrictions for manurebased compost, assuming it has met proper composting standards. This
decisionreflects the science showing th@2 Y LJ2 4 G A y 3 NB R tz@Er@an heditty dzNB Q &
However, other organizations have adoptgttict requirementdor application of manure

compost that are not reflective of best available science

Certain food trade associations, wholesalers, handlarsl processorhave taken extra

precautionsto prevent contamination risks. One such group that has taken aaxiskse stance

is the Leafy Gren Marketing Agreement (LGM#hose members grow about 99% of all leafy

green produce in thé&nited StatefLGMA, 2014)LGMArequiresthat growers not apply

compost within 45 days of harvest, which can be limiting for management e§fasting crops

(LGMA, 2016) As a result, some of their growers have moved toward using alternative soil
amendmentsProcessors, aggregators, and brands acrosagneultural sector have adopted

similar rules or outright bans amanurebased compostThese stricter stances on compost

FLILX AOFGA2Y | NB (KS NI adztas ong @ssodiatigh rdpresenfaive y OS2
explainedc that extend beyond currergcientific justification.

No matter what the requirementst will be important for composters to follow accepted
production standards and monitoring protocdtssecure customer trust about the quality of
manurebased compostConsistent and extensive-field monitoring, hird-party lab testing,
andcertifications like OMRI, National Organics Program (N®@&)e US Compost Council's
Sealof Testing Assurance will loeucial for dairies producing compost for satowever,
certificationsrequire a moe exacting process for consistent comppsetduction and
documentationthat may be a barrier for some dairies.

Qupply

Supply of Compost in General

California has a long history of policy efforts to divert material from landfills, starting with AB
939 in1989. Over the years, these efforts and the associated funding helped establish a robust
infrastructure and knowledge base for recycling and composting in the fiata.result, the

supply of compost increased as feedstocks from urban areas were cdll@ateprocessed.
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Compost supply is expected to gragainwith new policy efforts to diverevenmore organics
from landfills, such as the Shettived Climate Pollutants strategy and Mandatory Commercial
Organics Recycling (MOREpwever, much of thisew supplyfrom landfill diversiorwill likely

be located near urban areasd not rural agricultural area&iven the high cost of
transportation, increasing the amount tfcally producecompost will be critical to meet
increased rural demand. Agriculturalaterial, including diry manureis an underutilized
feedstock that can help to meet the growing gap between supply and demmanadal
agricultural areas.

Supplyof Manure @mpost

Manure-based compostan help meethe projecteddemandincreases for cmpostin rural
agricultural areaslue to itslogistial advantagesiVhile a fewdairies haveecognized the

market opportunityto export excess manure by compostjrilgey representa small percentage

of the dairies in the San Joaquin Vallésaving substatial opportunity for more production.
Additionally, many dairies are already dryim@nure andseparated solids for bedding, so they
likely already have some of the basic knowledge and equipment needed for composting. For
these producers, switching tactively manageadompost will be less of an operational

challenge tharfor those starting from scratch.

The potential supply of manure compost from a given dairy is a functionaofy factors,
includingtotal manure generategexisting manure management sgst, andii K S Rctop NB Q &
needs forfield application of manureHowever, we caprovide severabasic, conservative
estimates of the potential supply at the regional sc#leabout 120Ibs ofvet manure

produced per cow per dayfyson and Mukhtar, 2015he 1,553,788Jairy cows in the San

Joaquin ValleYCDFA, 201§roduceabout 34 million tons ofmanureper year Therefore,
composting just 1% of all thekairy manure generated in the San Joaquin Valley would mean
composting about 340,000 tons of manubewe assume that about 50% of that weight would

be lostthrough the composting procegMichel et al., 2004)omposting 340,000 tons of

manure would result in about70,000 tonof finishedcompostper year Using an average bulk
densityof about 2.24 culz yards per ton of compogCalRecycle, 201,ahis would result in
production of about 381,000 cubic yardémanure compostThis is equivalent to about 0.11

tons (or 0.25 cubic yards) of compost produced for every 1% of manure generated per cow per
yea. SeeTable3 belowfor additionalcompostproduction scenarios.

Table3. Manure Compost Production ScenaridSan Joaquin Valley

Manure Composted Manure Compsted Compost Produced Compost Produced
(% of Total Manure Generated (Tons per Year) (Tons per Year) (Cubic Yards per Year)

1% 340,280tons 170,140tons 381,113 yd
5% 1,701,398 tons 850,699%ons 1,905,566yd®
10% 3,402,7960ns 1,701,398ons 3,811,131yd?
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This potential supplis significant compared tthe current production of compostA 2008

survey showed that only 7% of composting facilities in California produced more than 200,000
cubic yards of compost per year. Therefore, compostingj#sbfSan Joaquin Valleairy

manure would produce miee compostthan even the largest of existing facilitiesrrently

produce.If 5% of the manure were composted, that would be almost equivalent to the 1.99
million cubic yards of compost sold to agriculture in the entire Central V@iairecycle, 2010)

Economics of Manure Compost Production

It is difficult to calculate with any great deal of certainty the profitability or breakeven point for
composting manure due to the lack of published information andhiggly variedpossibilites

for compost production. Térefore, this study relies heavily on information received through
our extensive interviewéseeAppendix ). Wefocusedon the costs and revenue potential for
on-site composting oflairy manure using opeturned windrowssince that is consistent with

our focus throughout this report.

Depending on the location and vendor, baflanurecompost is sold for $2840 per ton in the
agricultural sectorexcluding transportation and spreiag costsA 750-cow dairy composting
about 10% ofits manurecould produce abou821tonsof compostper year, resulting in about
$16,425%$32,850 in annual revenue. A 2000 cow dairy doing the same could produce about
2,190 tons of compost, resulting in $800$87,600 in annual revenue

Production costs for open windrow compostingry greatly depending on existing equipment
andoperational scaleRegulatory compliance costs are also unclear and potentially significant.
Table4 belowreflects our best knowledge taselinecostsfor on-dairy compostig with open

turned windrows §eeAppendix Jor more detaild. Ii A& G2 NIU K dzy RSNARO2 NA y 3
costs noted couldbe quite large

Table4. Onsite mposting Expenseestimates

Basic Operation, Advanced Operation,
Expense Type : o . .
Using Existing Resources  Purchasing New Equipment

Total Capital Costs $0 $105,000- $1,700,000
Inputs (fuel, water, . . . .
bulking agentsetc.) High, \ariable High, \ariable
Labor $21,500- $32,500 $21,500- $32,500
Equipment $0 (+ variable O&M) $105,000- $1,700,00Q+ variable

0&M)

Certifications & $1,950- $4,200 (+ variable and $1,950- $4,200 (+ variable and
Compliance unknown compliance costs) unknown compliance costs)
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$23,450- $36,700 (+highvariable $23,450- $36,700 (+highvariable

Total Annual Costg
costs) costs)

Based on the above costs, we would expect that a dairy with 750 cows would need to compost
more than 20% of its manure thave a chance of breakimyenwith even the most basic

operation A 2000 cow dairy would be processempughmanurethat theylikely needmore
sophisticated equipment, but they could potentially break ewitizing10% of thei manure
particularly if they are able to sell their compost for $840 per ton.

Onfarm composting using open turned windrows is just one business model, ambsteand
profitability will varygreatlybetweendifferent business model&Ve have idernified three
generalbusiness modelthat appear practical in California's Central Vallaysite owner
operated, onsite third party operated, and offsite dedicated facilityDue to existing regulatory
and permitting environments in the Central Valleyadler and distributed productionn-site
on existing dairieseems more viable thatlevelopment ofnew large centralized facilities.
Dairies are already subject to strict permitting requiremetii®ugh there is a lot of
uncertainty aroundvhat the additonalrequirementsfor on-dairy composting might hes
discussed in Sectioh Dairies using a third partyaybe morecommerciallysuccessfuthan
dairies composting themselvgsecausecustomes will likely assume that a thiglarty
composter will crea a product that is more consistent and of higher qualitwo of their top
concerns related to manure compos€iff-site facilities are the most difficult and expensive to
permitand constructbut if they are sited near large dairies and a sufficient tmumser base,
they offer substantial opportunity fdiarger profit margins througkconomies of scaland
development of aecognizedand trustedbrand. Additionaldetailson the advantages and
disadvantages of eaghanure compost busirssmodel are providedn Appendx 4.

Regardless dhe type of operation, our interview findingand analysisuggest that

composting manure can be economicaligble, although therofit margin wouldlikely be
small.These slim maigs necessitate careful financial planning and a degree of scale in order
for a new composting operation to be successful.

Manure Compost Market i€alifornia

The markeinfrastructureto facilitate the growth of a supply chain for dairy manure
compostngis underdevelopedCurrently, most dairies in th8an Joaquinonnect with
composers andcustomers via word of mouth, limiting scalabilifyhere is very little support,
and indeed many obstacles, for building supply infrastructineally, there ar@o programs to
understand and promote best practices for using manrb@ased compost, which many still
perceive as a food safety issue despite contrary findings from the best available science.

California has invested significant time and money, prim#éniigugh budget allocations to
CalRecycle, to build market knowledge, supply infrastructure, and demand base for compost
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from municipal feedstocksThese efforts were largely dos part of a policy effort to mitigate
the negative environmental impacts ofganic material that was being sent to landfillhey

did not include thehuge amount obrganic materialincluding dairynanure, whichs a by

product of agricultural production because most of this material does not go to landfills.
However, these agcultural byproductsalsoleadto negative environmental impacts that could
be mitigated by composting. Given the significant potentiald@iry manure compostintp

KStf LI  OKAS@S (KS adliSQa SyYy@ANRYYSyirte$to 321 &3
build the market knowledge, supply infrastructure, and demand base for maased
compost.Fortunately the investments do not need to be significaat perpetual. The market

is emergent dueo the need for dairies to export excess manure anerearbyincreasing
agricultural demand for compost. However, there are a few barriers, especially related to lack
of clarity around permitting, thalimit market scalingSmart, shorterm investments to

address these barriemnd build a thriving markewill go a long wayo achievepositive
environmental outcomes

Conclusiorand Recommendations

There seems to be significant market opportunity for manbased compostAgricultural
demandin the San Joaquin Valleyexpected to growand opportunities to grow supply from
traditional municipal sourceare limited Additionally, compost produceahd soldin the San
Joaquin Valley should haa®m advantageover compost produced from feedstocks shipped

from Southern California du® lower transportation @sts Manure-based compost should
receive a pricgremium over municipal compost due to its many advantages, including higher
nutrient values and lower levels of contaminants. With 1.5 million cows in the San Joaquin
Valley, there is enagh potential manue feedstock, angroducing manure composivhile not
highly profitable does seem to be economicaihable.

Consequentlywe believe there is eonsiderablenarket opportunity to increase the amount of
manure compost produced and sold in the San Joayaitey.Doing sawill require
investmentsto build the market knowledge, supply infrastructure, and demand base for
manure-based compostAll of these things have been successfully done with munigjpsgn
wastecompost by CalRecycle and othe@ven thesignificantpotential for composting to help
the state meet its environmental goals by mitigating the environmental impacts of dairy
manure management, it is critical that the stateaketargeted, shortterm investmentsto help
build the market for manurdased compost

Recommendatiorl: Provide funding to California Department of Food and Agriculture to

0dzAf R LINPRAzZOSNRQ (y2¢f SRIS 2F 02YLIRald LINBRdAzOI
management practices.

Scaling up the number of dairy operations thatpost their manure will requirencreasing

access to information aboutow to perform this task to meet existing standar@sitically,

dairies and manure composters need a resource that clearly layequirementsfor
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permitting and regulatory compliazefor on-farm composting. Dairies that decide to compost
will need information orproduction techniques and best management practispscific to
production ofhigh quality,manurebased compost

Recommendatior?: Fundresearchto comparethe soil healt benefits and contamination
risks of dairy manure compost, green waste compost and food waste compost

The associated soil health benefits and contamination risks of composiuced from different
feedstocks ismot well known. We recommendtwo-stageapproach. Firstconducta literature
review of existingesearch culminating in practical guidance for producers in the Aeam. If
significant holes are identified, then move onto the second staggenerate original, field
scale research. The highesiqrity topics of both stages are a comparisafithe relative
benefits ofcompost created from dairy manure, green waste, and food wamsterms of
effects on soil nutrient availability, microbial activity, water holding capacity, and carbon
sequestratim. Research should also compare the contamination risks associated with each
source of compost, particularly as it relates to pathogens, pharmaceuticals, herbicidis or
and inert contaminants like plastic or glaB®th stages ofesearchshould culmmate in clear,
concise guidance on the merits, @ind best management practices for, successfully
incorporatingdifferent types ofcompost intoagriculturalproduction systems.

Recommendatio3: Funddemonstration projects to studyand proveeconomic featbility of

dairy manure composting in the San Joaquin Valley.

As with any nascent business, dairy farmers adding a new composting system into their existing
operations will face economic uncertaintiddis uncertainty is heightenddr on-site

compostingdue to lack of clarity around permitting requirements and the associated costs.

Stateand 20l f f @ FdzyRSR RSY2YyaAUGNXGA2Yy LINR2SO0&x aa
Technology Advancement Program, coufgbroveour understanding of the economics aéiry

manure compostingin turn, dairy producers would be better able to assess whether

composting is viable for their operation.
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SECTION @OLICY OPPORTUNITIES

While the regulatory requirements for composting dairy manure are formidable, there are a
number of initiatives at the state level thgttaken togetherg could help galvanize a
coordinated effort tostreamline and improve the regulatory process wifesuring
environmental protections.

Dairymanurecompost has the potential to be a signéid tool in the successful
implementation ofseveral state policieiB 1045, the Healthy Soils Initiative, the Alternative
Manure Management Progran§B1383,andthe SLCP Strategairy manure compostinglso
provides an opportunity for the state to delop a process fanter-agencycollaboration in
service tomultiple state initiatives.

AB 1045

AB 1045 (Chapter 596, Statutes of 2015) directs the CA Environmental Protection Agency

(CalEPA), in coordination with CARB, SWRCB, and CDFA to devehloplement policies to

FAR AY GLINRY20GAy3 (GKS dzaS 27F | I N@ckidef G dzNF £ = T2

O 2 Y LJ2 & (i XréquiresiCalRecy&l®, in coordination with CARB and SWRCB, to develop a
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not expresslyncluded inAB 1045 butthe statute creates a valuable opportunity for CalRecycle

and the regional and state water and airdrds to develop a coordinated permitting system for

all facilities that are compostingncluding dairies.

At the first public workshop on AB 1045 implementation held on December 22, ZEPA,
CalRecycle, CARB, CDFA and SWRCifsa#d todairymanure composas part oftheir
proposedimplementation processThe agencies also indicated that they intend to apply the
consolidated permitting proceggeveloped pursuant to Public Resources Code Sec. 71020 et
seq) to compost facility applicants. Thisogress is certainly encouraging, although, as the
agencies acknowledged, further outreach and education to permit applicants is ne&si¢ais
process is employed,evhope thatthe participating agencies will identify and correct
conflicting, confusingor excessively onerous permitting requirements, including, but not
limited to, the challenges identified in Section 4 of this report

Hedthy Soils Initiative (HSI) and the Alternative Manure Management Program (AMMP)

TheD2 GSNY 2 N & tiddive (HEIKekstd onbteitheldgvdlopment of healthy soils
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that contribute to building adequate soil organic matter in order to increase carbon
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sequestration ad reduce overall greenhouse gas emissi@i3FA received $7.5 millifrom

the Greenlouse Gas Reduction Fund (GGRR)e 201617 Budget tdegin implementinga
Healthy Soils Incentive Program as part of the H®4$ budget allocation refers specificaty
Gy-2Atf | yR O2 Y Lanang othet prdttite€DRikfa2pyopoded tancentivize

the use of compost in order to increase carbon sequestration in soiimpbveoverall soll
health.While CDFA has stated th&g incentive progranis aboutincreasingdemandfor
compost, not supply, the state must address hdthe level of compost application envisioned
by the HSI will require ery largequantity ofcompost, particularly in the agricultural regions
thatt NB K2YS @2 ( Kh8efoeliendoBagiag dirlesitdNgrofueta compost
supply stream to meet new demand is a logical component of the HSI.

CDFA also receive®@million of GGRF money in the 2018 Budget to fund its Dairy Methane
Program.n previousyears,CDFAas spenthese fundsxclusively on dairy digester projects.

However, througtSB 8592016),a ¢ KS [ S3IA &t I GdzNBE FAYR& FyR RSOf |
methane management practices, including anaerobic digesters andlig@ster dairy methane
management strateg@@ > Ol Yy STFSOGA GBSt & NB Rmur€sfonsd Sy K2 dza S
legislative directive, CDR#&\developing separate Alternative Manure Management Program

(AMMP) to fund nordigester projects, including but not limited to pastdbased systems,

sdids separationcompost,and flushto-scrape conversiorCDFArroposes tadirect $316

million ofits Dairy Methane Program allocation to the AMMifRdhas begurstakeholder

outreach to develop a draft grant program by the summer of 2017.

As discusseih Section 3above, dairy manure composting has intringiethanereduction
benefits and even more so dombinedwith advanced solid separation in a flush system or
conversion to scrapeCDFA should give high priority to AMMP grant applicants wijegts
incorporating the composting of dairy manugersen its methane and multiple dzenefits

SB 1383 and th8hortLived Climte Pollutants Strategy (SLCP)

The Governor and CARB have placed significant emphasis on developing ways to reduce
emissiondrom short-lived climate pollutant¢SLCP<) methane, black carbon, and
hydrofluorocarbon gasesdueto both theirpotency and the potential for SLCP reductions to
contribute to demonstrable progress towards meeting the state's GHG emissigets SB 605
(Lara) required CARB to develop & CPFStrategy. CARB issued a first draft of the strategy in
late 2015, and a revised draft in mD16. Thee earlydrafts set highly amhious targets for
reduction of methane emissions from damanure management, evenally reaching 75%
below 1990 levelby 2030 However, theedrafts faiedto provide sufficienguidance on how
this targetshould beachieved A number of organizations, including Sustainable Conservation,
expressed serious concerns about the potentialseruences of implementing a strategy with
highly ambitious targets, significant data gapsda short time framea roadmap for
implementation and compliance.
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After hearing these concernSenator Ricardo Lara (author of SB 605) amendekilhiSB

1383 near the end of the 2016 legislative session to revise both the gbalsd the process for

GKS {[/t {dN¥ GS3e QaSBRB8R B theydity inethake rediNwgoal at 2 y & ¢
40% below 2013 levels by 203®ior to adopting regulationsCARBnust assemble a
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stakeholders that must be part of the work groiB 1383urther directs CARB to research the

emission reduction potential of a range of manure management practi@&RB has issued

another draft of the SLCP Strategy that largetprporates the new mandates and procedures

created by SB 1383his draft explicitly recognizes the need for additional data in order to

quantify the costs and benefits of different manure management practices.

The current draft SLCP Strategy refers gadly to research into the emissions reduction

LR GSYdALrf 2F O2y@SNRBRAZ2Y 2F aoSié O6FtdzZaKO YI ydz
systems while acknowledging information gaps and potential for air and water quality impacts.
Sudiesshowthat aerobic composting of dairy manure decreases methane emissions relative to
storing dairy manure solids in anaerobic static pilEsuscomposting camprolong and increase

the methane reductions obtained by conversimom a flush to ascrapemanure managernt
system Compostingalso potentially reducethe crossmedia impact®f a scrape system
Alternatively using advanced solid separation and composting on a flush system could reduce
methane by pulling out and aerobically processing volatile solidstbatd otherwisehave
generated methane in the anaerobic lagodmerefore, omposting dairy manurshould be
included in both the research, and, ultimately, the guidelines for implementing this component
of the SLCP strategy.

a2 NB 3Sy S NI éxfilici direction to indudecOriposters in tretakeholder work

group is a clear signal from the Legislature to CARB that compasiindd bea key element in

the development of a dairy manure methane emission strat€gynposting advocates in the

work groyp now must ensure that CARB adequately addretisest § SOKY A OF f = YI NJ S
NBE3dz | G2 NB S | yiBmahir&eSdostnig.l £ £ Sy 3Sa €

Finally, SB 1383 has the potential to bring the agencies implementing ABth843ealthy Soils
Initiative, and the Alternatie Manure Management Progratogether to create a coordinated
strategy for the production and use of dairy manure comp@stlRecycle and CDFA have
already made it clear that the implementation process for SB 1383 will inform and integrate
into their own dforts.

Conclusion and Recommendations

The policies and programs described abpwesentseveralopportunities for agncy
coordination and synergies to further state environmental goals through dairy manure
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composting For instance, successful implentaion of AB 1045 could simplify the permitting
process for ordairy composting facilities in areas whersder the HShoth the demand for
local compost and the need for soil improvements are high. In addition, the HSI and AMMP
should collaboratively saport projectsthat improve soils and reduce dairy methane emissions
through compostingFinally, esearch into nordigester alternative$o dairy methane reduction
authorized by SB 1383 will provide the data necessary to dewtlopg compost project
proposals for AMMP fundindt is essential thattaff involved in the SB 1383 implementation
process coordinate with the staffs working on AB 1045 and HSI/AMMPhieve anntegrated
multi-agency strategyhiat maximizesthe benefits derived from dairy mane.

Recommendatiorl: Address permitting challenges for daitpanure composting througAB

1045
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is admirable and very welcome, but the agencies involved jpteimenting the statute have the
opportunity to nove beyond simple agency coordinatiandidentify and correct conflicting,
confusing, or excessively onerous permittieguirements for dairy compost. Theselude,

but arenot limited to, the challengesiéentified in Section 4 of this repoi®@n-farm composting
should beincludedin AB 1045 implementatioan an equal footingvith dedicated composting
operations and the participating agencies shoutdrease outreach to potential applicants on
the availablity of the consolidated permitting process.

Recommendatior?: Recognize and suppothe role of dairy manure compost imeeting

goals of the Healthy Soils Initiativand the Alternative Manure ManagemenProgram

Dairy manure compost can play animpofta NBt S Ay | OKAS@AyYy3 GKS 32|
| St dKe {2Afa LYAGALl GA @GS Alstgady supphCdf @@podi fromdlE a S
sources will be needed to implement HSI, and composting has a key role to play in reducing
greenhouse gas emissis through alternative manure management strategies. CDFA should

take steps to asure thatdairy manure compostingeceives full consideratiom the
RSOSt2LIYSyd 2F GKS !''fGSNYyIFGAQGS al ydNSaal yIF 3SY
the Healthy Sits Initiative.

Recommendatio3: Ensure that the Short Lived Climate Pollutant Strategy fully incorporates

the composting of dairy manure in its policy and economic provisions addressing manure

methane emissions and the need for new composting facilities

The passage of SB 1383 in 2016 has given CARB a road map for achieving real methane emission
reductions from dairy manuré: KS [ S3Aaf | G dzNE aLISOAFAOLFf & AyOf
SELINASYOS O2YLRaidAy3d RIANE dbejhdN&iinthey GKS f A
stakeholder work group advising CARB on SB 1383 implement@#dB shoulthke

advantage of these producers on teakeholder work group tthoroughlyaddress the

& Grsical, market, regulatory, angl i K S NJ O Kdcihgfth® goh@sting ofdairy manure.

CARB and the Legislature should gisavide sufficient funding to carry out the research

identified in the SLCP Strategyquantify the costs and benefits of different manure

management practices, including composting of dairy aran
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RecommendatioM: Encourage agency staffs responsible for implementing AB 1045, the
Healthy Soils Initiative, the Alternative Manure Management Program, and SB 1383 to
coordinate closely to achieve an integrated muhigency strategy that maximizefié benefits
derived from dairy manure compost

The implementation of SB 1383 has the potential to bring the agencies engaged in AB 1045, the
Healthy Soils Initiative, and the Alternative Manure Management Program together to create a
coordinated strategyor the production and use of dairy compo#tis essential that staff

involved in the SB 1383 implementation process coordinate with the staffs working on AB 1045
and HSI/AMMP to achieve an integrated maltjency strategyhiat maximizesthe benefits

derived from dairy manure.
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SUMMARYONCLUSIGAND RECOMMENDATIONS

SummaryConclusios

The composting of dairy manure solids offenseesonomically viablepportunity for dairy
operators toreducetheir most significant environmental risks Califonia's San Joaquin Valley.
Manure management is a complicated logistical and environmental challenge for dairies.
California mustontinue todevelop and support solutions for manure managemiait reduce

R A Mdvi®an@ntal impactand are economicallyiable. In doing so, California dairy regions
will benefit from improved environmental conditions while maintaining an important source of
revenue and jobsDoing sas particularly important in the majanilk-producingregion of the

San Joaquin Valley hweh suffers from multiple environmental and so@oonomic challenges.

In this study, we have examined bestailable information on thendividualenvironmental
impacts and benefits of manure compost and, more importantly, the interrelationstiween
those impactsWe found that dairy manure composting has the potential to reduce water
quality impacts, improve soils, and reduce GHG emissions from dairies with comparatively
minimal impacts to local air qualitipairy manure compost'superiorportability gives it the
potential to disperse nutrient concentratiorisrther distances thamncompostednanure and
pathogen kill achievethrough the process enables it to be used more readily on a wide range
of crops While further research is needed better quantifythe extent ofthe impacs and
benefits, California need not wait to take proactive steps to promote dairy compost now where
benefits are clear. Specifically, production of compost for export off dairies appearsato be
clear win.

Fortunately adieving the environmental benefits of manure compost is within reach because
the market for manure compost seems ripe for growflemand forcompostis robustand
expected to increase, particulariy rural agricultural regions of the stat@here availabity of
municipal compost can be scarddanure compost can help fill this gap, but agricultural
producers neeatustomers that aresupportive of manure compost use. There is also significant
supply potential. Dairies are increasingly interested in compgstieir manure, and producing
manure compost seems economically viable for many dairies.

However, sveral key barriers have hinderdéite production and sale ahanure composand
need to be overcome in order for the practice to be widely adoplétk inonsistency,
complexity, and lack of clarity oégulationshas been one of the primary barriers to compost
production.In some casegermitting requirements are simply unclear. In other caskes,
regulationsare based on limiteadnd/or incompletedata ard could actually be prohibiting
better environmental outcomes. In order to establish effective regulatory and incentive
programs, there is a critical need ¢b) conduct Californidoased research on the magnitude of
the impactsof manure compostelative © current practicesnd (2) base regulatory and
permitting requirements on that data.
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Finally, and importantly, theucrent regulatory approach doesot appropriately consider the
net impacts from composting dairy manure across water quality, air quahty greenhouse
gasesThissiloed approach to managing pollutants on dairies resaltost opportunities to
addresssuccessfullyhe most pressing environmental impacts of manarel could actually
lead to negative environmental outcomes at a regiortale Dairies need regulations and
permitting requirements that are supportive of manure compost production and the co
benefits it can provide to other important environmental efforts.

Summary Recommendations

Based on our research, we believe that &teyl, shortterm efforts by sate and local
governmentagenciesanc and should; be taken toenable the market to emerge and grow on

its own. As a result, dairies will have an economically viable option that enables them to reduce
their most significanenvironmentalrisks We recommendwelve specific actions that can be

taken by government andssociatedentitiesto improve the science, regulatory regime, and
market for manure composting whikupportingstate policies to improve soils and reduce
greenlouse gasse®oing so will help catalyze the market for manure compost, resulting
multiple environmental, social, and economic beneiiarticularly, though not at all

exclusivelyin the San Joaquin Valley

1. Researchlnitiate comprehensive Californidased research comparinggiry manure
composting to existing manure management practices in order to quantify the magnitude
of impacts across environmental media.

The available research indicates that composting manure is environmentally beneficial
overal. Composting generates significant benefits to water quality and metlgdnefar the
two greatest environmental impacts of dairy manure managengeand relatively minimal
increase in air quality impacts, some of which can be easily mitigated. Thedesear

found was primarily conducted outside of California and/or studied-m@mure compost
feedstocks. While the relative impacts seem clear for most pollutants (the exception being
volatile organic compounds), it is not possible to make definitive ceimig about the
magnitude of the impacts due to the lack of comprehensive Califdrased research.

Therefore, we advocate for fielskcale research in the Central Valley to quantify the
magnitude of environmental impacts and tradeoffs of production appliaation of manure
compost. This research must be comprehensive: it must compare composting to existing
manure management practices; it must look across multiple air, water, and GHG pollutants;
and it must measure the fulife cycle e.g. collection, strage/processing, and use (typically
land application). The results of this research will help shape more selesasl policy and

may enable more crosagency collaborative approaches to regulating environmental
impactsg both of which would lead to betteenvironmental outcomes.
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2. Regulatory Amendair quality, water quality, and waste regulationso that they are clear,
sciencebased, and reflecthe net environmentalimpactsof composting dairy manure.

a. TheSan Joaquin Valley Air Pollution Control Dusfhould create clear and science
based BACT Guidadis for new or expanded compostiog dairies.

b. TheCentral Valley Regional Water Quality Control Bosirduld consider compliance
with the existing requirements of the Dairy General Ordgiconstitutimg
compliance with the siting requirements of the new Composh&alCOrder.

c. CalRecycle should provide clear guidance to ensure Local Enforcement Agencies are
consistent in how they interpret and assess compliance with the notification tiers of
the Agriculural Material Composting Operations and Green Material Composting
Operations.

d. The California Department of Food and Agriculfune Administration, and the
Legislature should identify funding pools other than theeenhouse Gas Reduction
Fundsin order tofund needed research and market development for dairy manure
compost.

3. Market: Supportoutreach and education to encourage manure compost production and
research and demonstrations to bolster demand for manure compost.

a. Provide funding to California Deparent of Food and Agriculture to build
LINE R dkOBvNdg€of compost production regulatory requirements and best
management practices.

b. Fundresearch to compare the soil health benefits and contamination risks of dairy
manure compost, green waste compa@std food waste compost

c. Funddemonstration projects to study and prove economic feasibility of dairy
manure composting in the San Joaquin Valley.

4. Policy Implement AB 1045, the Healthy Soils Initiative, the Alternative Manure
Management Program, and SB 13& amanner thatpromotes beneficial dairy manure
composting and encourages coordination across state agencies.

a. Address permitting challengdsr dairy manure composting through AB 1045.

b. Recognize and support the role of dairy manure compost in meetiats @f the
Healthy Soils Initiative and the Alternative Manure Management Program.

c. Ensure that the Short Lived Climate Pollutant Strategy fully incorporates the
composting of dairy manure in its policy and economic provisions addressing
manure methane emgsions and the need for new composting facilities.

d. Encourage agency staffs responsible for implementing AB 1045, the Healthy Soils
Initiative, the Alternative Manure Management Program, and SB 1383 to coordinate
closely to achieve an integrated mudtgercy strategy that maximizes the benefits
derived from dairy manure compast
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APPENDIX ORGANIZATIONS INTEHWED

Thank you to the manyailry producersagricultural producersnanure haulers, anthird party
composterswho took tme out of their busy schedules to share their invaluable experiences
and perspectives with us.

We would also like to thank theepresentatives of the following organizatiofs their time
and expertise
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Almond Board of California
Association Of CompoBtroducers
Belmont Nursery

CalCAN

California Air Resources Board

California Climate and Agriculture
Network

California Department of Food and
Agriculture

California Leafy Green Products
Handler Marketing Agreement

CalRecycle
Central Coast Compost

Central VHey Regional Water
Quiality Control Board

City of Bakersfield, Solid Waste
Division

Dairy Cares

E & J Gallo Winery

Ecoconsult

Edgar and Associates, Inc

=

= =/ =4 4 4 - -2

= =4 4 4

Environmental and Energy Consulting
Harvest Power

Integrated Waste Management
Consulting, LLC

Malibu @mpost

Marin Carbon Project / Carbon Cycle
Institute

Materra LLC

Milk Producers Council

National Resource Conservation Service
New Era Farm Service

Newtrient, LLC

Recology

San Joaquin Valley Air Pollution Control
District

State Water Resources Control Boar
UC Davis

UC Riverside

USDAARS (Maryland)

Western United Dairynme
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APPENDIX FACTORS AFFECTINGIROSTING

Carbon to NitrogerQN) Ratio

A carbon to nitrogen ratio between roughly 40:1 and 20:1 is suitable for starting majevitis
25:1 to 30:1 being ideal. Woody and fibrous materials are typically caiibbig e.g. wood

shavings are roughly 400:1 in carbon to nitrogeand food scraps, grass clippings and manures
are higher in nitrogem e.g.uncomposted solidlairy manurehas a ratio of 18:1. During the
composting process, nutrient loss will result in this ratio decreasing. For example, starting with
a 30:1 ratio could result in finished compost near a 20:1 rdtie C:N ratio is an important
measure to track both for pragting quality compost and for reducing emissions.

Moisture

Microorganisms that decompose organic matter require moisture in order to survive and
multiply. Because of their respiration and the high temperatures that compost piles reach,
water is often retéased as steam during composting and more needs to be applied toThiss.

is exacerbated in the summer when ambient temperatures are high. Maintaining between 40%
65% moisture levels is generally the target, with 580%0 considered ideal.

Bulk density

The density of compost is an indicator of its porogixture, and structure.These
characteristics indicate the degree at which air will be able to flow through a pile and how
quickly its contents will break dowBensity also comes into play at theceras heavy compost
results in high shipping cosfBhe conventional wisdom is that the bulk density of compost
should be less than 1100 Ibs. (40 Ibs. per cubic foot).

Temperature

When microorganisms actively decompose organic matter, the chemicaloractlease heat.
This heat is what eventually kills pathogens (*E3land weed seeds (~145 in the pileln

order to meet basic standards for composting, it is necessary to keep the pile abdrefbB1l

15 consecutive days for turned windrows, and 3adays for aerated static pile$4 C.C.Rg
17868.3)It should be notedhowever, that too much heat coulaso be detrimentalExcessive
temperatures (above 16F) can kill off beneficial, thermophilic bacteria and stunt the
composting process. In thesgcumstances, mixing the pile can release heat and quickly cool
the interior.

Temperature is also a key tool for gauging how best to manage a composipdeneat will

build while the piles are highly functioning and dissipate when the proceghe eomplete or
needs more aeration or water. When the pile begins to lose more heat than it generates, one
should aerate it and add water as necesséirthe temperature does not go up as a result, the
pile is likely ready to be cured.
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Curing:
Oncethe temperature of a compost pile stabilizes, it is time to let it ré$ie curing stage
allows the compost to complete its last stages of decomposglowly.

Curing is necessary because immature compost can be detrimental to gfadgsomposition

is still occurring, the compost will not only contain high levels of organic acids, but it will also
continue to consume oxygen, whielffectsplant roots.A general rule of thumb is to let the
compost cure for a minimum of 1 month and usually closer tecdiths. During the curing

phase, the compost does not need to be turned but it still requires adequate natural or passive
aeration so that it does not become anaerol#tor this reason, in addition to water quality, it is

a best practice to cover these @d during the rainy season.

Total time:

The total time required to start and finish a batch of compost will rafigpe. different methods
of composting allow for greater control over variables that affect the rate of decomposkmm.
turned-windrow conposting, it typically takes more than 2 months and sometimes up to 6
months to finish a batch of compogkerated static piles can process materials-i Beeks.
Under the ideal conditions (e.g. with ammessel system), it is possible to finish a batathin
merely 3 weeks.
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APPENDIX ONFARM COMPOSTINGST ESTIMATES

Expense Type

Basic,

Using Existing

Resources

Advanced,
Purchasing New

Equipment

Bulking agent Variable Variable
Inputs Fuel Variable Variable
Water Variable Variable
Moving raw manure & 0.751.25 FTE @
Labor compost $16,000- $27,000 $16,000- $27,000 $10.50/hour
Monitoring/measuring $5,500 $5,500 0.25FTE @ $10.50/hou
Turner/Windrow $100,000- $600,000
Water Trailer / Water
Truck $5,000- $40,000
Grinder(Not necessary
Equipment | With only manure) $0- $660,000
Powerscreen (Not
necessary \th only $0- $400,000
manure)
Op(_eratmns & Variable Variable
Maintenance
Certification fees (ex:
OMRI, STA) $750-$3,000 $750- $3,000
Lab Analysis $1,200 $1,200 g;&;"g;ii each year a
Certifications
and Labor for certification Variable Variable
Compliance
Regulatory fees Unclear Unclear
Labor for regulatory Variable Variable
compliance
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APPENDX4: MANURE COMPOST BUEIN MODELS

OnSite, OwnePperated

In this model, a diry buildsand operatesthe composting process dts property. This is
desirable in that it reduces initial transportation costs and handling requiremgvihen the
dairy has available spaahis model of compostinganbe done with minimal impact on the
remainder of the dairy's operations.

While somepermitting requirementgemainunclear,there will likely be less additional
requirements for compostig onsite at a dairythan at a large, centralized faciligdairy can
make the greatest financial gains in this scendrig,it also takes on the greatest riskhe dairy
will need to purchase equipment it does not already own and takes on sole rebpiy$or
maintenanceDairies currently composting manure dedicate approximately 0.75 to 1:@rhél
equivalent (FTE) employees to moving materials to and from the compost pad, as well as
turning the materials, cleaning the equipment, and keeping prajmcumentation Any risk
from product contamination or code violations will also be the damgsponsibility

Aside from the compost productiatself, a dairy operator will need to take on the extra
demands ofales and distributiorNew responsibilies will include investments into marketing
and building aastomerbase as well as logistics pertaining to shiipg, billing, and taxesDue

to the manycompeting prioritiesalready inherent in milk productiqrwe expect that this
business model will &y have the greatest challenge in building a trusted brand through
production of a consistent product, with adequate monitoring and documentation, and
customer servicef the dairy producer has a strong business acumen and reputation in the
area, these brdles may be inconsequential.

OnSite, 3rd Partperated

In another model, &eparate business entitgan manage theomposting operation oa dairy

site. This situation capitalizes on the potential permitting adteayes of orsite composting

while albwingthe dairy producers to focusme and energy on milk productioRresumably, a

3" party operator will be better suited for managing the composting process and can dedicate
more time and resources to market development and customer relationaddtion, it is

possible that the 8 party could manage composting operations at several dairies and sell the
product under a single brand.

While this scenario offenranyadvantages, certain tradeoffs are worth notirkgpr instance,

the 39 party would needo arrangefor access to the dairy's equipmeat provide its ownlf

the 3" party manages several dairy composting operatidgnspuld split the equipment cost
between sites but would incuadditional costs for transporting equipment between sites.

Lagly, there will be some degree of revenue sharing between the dairy and the composter that
may make this less financially advantageous.
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Currently, only a fev@-party entities compost manure at dairy facilities in California's Central
Valley Theyoften operate at multiple dairies.

Off-Site, Dedicated Facility

In this third model, manure feedstockse shipped to @entralized location dedicated to
processing manure composthis could be a new or existing facility, and wouldrzzleled
after large compating operations that accept municipgieen wasteand food scrapsTlhis
scenario ignorefeasible in the northermpart of the San Joaquin Valleyncedairies are more
land constrained and, consequently, have greater incentive to get rid of their mafuré&ée
or at a very low cost) and have lesspacity for compost operations esite.

This model has an advantage in that there is significant potential to build a strong brand and
customer baself the upfront permitting and equipment costs can be ogeme, the

opportunity to establish a high quality prodydbyal customersanda profitable venture is
significant.In addition,a dedicated facility will have greateapacity to follow robust
measurement, sampling, and reporting protocols required¢hiave certain certifications.

Dedicated facilities will face greater regulatory hurdles, compared to the aforementioned
scenarios, which benefit from dairy's agricultural exemptions or utilizeitenexisting
infrastructure.In addition, for an adequateeturn on investment a dedicated facility would
need to operate at a scale thatould exceed the&sJAPCD and CalRecycle's lowier

permitting thresholdsThis means that advandeollution mitigation measures, and potentially
purchase of emissions offtsgwould be necessary, which would be much more costly.

Additional costs would include tHease or purchase land and all of the needed equipment (e.g.
tractors, turnersgetc.). This could amount to several hundréidbusand to millions of dollars of
up-front capital costsBased on conversations with composting professionals, the inbound
transportation costs for shipping the manure would also require that all dganegiding
feedstocksoe within approximately 10 miles of the composting facility fos ttu be
economicalThis geographic constraint further limits the scenariog/hich thisoption could

work.

To our knowledge, currently only one large, centralized facility existeiSan Joaquin Valley
that creates a composhade from 100% manure festock.This facility composts manure in
response to the demand from one very large customer.

Off-Site Mixed Facility

It is unlikely under current market conditions that existing composting facilities will accept large
volumes of dairy manuré hebusines model of these facilities msed on charging tipping

fees for waste diversion from landfillslanure, however, is a valuable proddot whichadairy
would expect$l to $4 per ton, given current priceBhereis little incentive for existing

compostirg operations to incorporate a feedstock that is an expense rather than a revenue
generator, particularly if they are already at or near their production capacity
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