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Introduction

The purpose of th@©rganics Recovery Program
Development Tool for Colleges and Universities
is to assist possecondary institutions with
organizing new or expanding existing organics
recovery programmingvith a special focus on
composting Thisintroductory guide is
organized by common practicebmposting
methods from existing resources that is
supported with schoespecific examples and
best practices. In the first phase of the tool
development, a profile for each participating
school was created using an inventory of
program characteristics (Institutioh®artners,
Funding Mechanisms, Operational Models,
Student Involvement, Academic Programming,
and Community Partnerships). Organics
recovery program information for these EPA
Region 4 (Southeast) schools can be found in
the Compendium of Organics Recovery
Programs at Colleges and Universifies

Through the development of the Compendium,
information gathered from eactstakeholder
provided afoundationfor the exampleg€hosen

to be shared. Thraghthis process information
was compiled through extensive online research
and interviews with stakeholders of multiple
perspectives; from staff, faculty, students,
industry, public and nonprofit groups. The
participatingcolleges andiniversities argost
secondary institutions that offer at least four
year degree programs with enroliment ranging
from under 1,000 to above 20,000. Each school
has an existingrganics recovery programith
acomposting capacity ranging froemallscale

(windrow, aerated static pile, imessel), or off
site centralized composting

It is important to mentdn thatthe focus of
composting in this guide is one of many
methods of orgaics recovery. In fact, thePA
Food Recovery Hierarchprioritizes food
recovery methods from highest to lowest
priority: Source reductio?) feed hungry
peoplé!, feed animaly industrial use$
compostind, and landfill/incineration. Higher
priority food recovery methods areriefly
mentioned andgroups such as the Food
Recovery Network and dining service providers
can provide methodologiet® reduce pre and
post-consumer food waste.

Included in this Tool are the overarching
considerations that should be taken into

Food Recovery Hierarchy

Source Reduction
Reduce the volume of surplus food generated

Feed Hungry People
Donate extra food to food banks, soup kitchens and shelters

Feed Animals
Divert food scraps to animal feed

Figurel. EPA Food Recovery Hierarghmipritizes actions organizains
can take to prevent and divert wasted food. Each tier focuses on difi
managemenstrategies.

demonstrationor pilot composting effortgbin-
system)to large scale institutional efforts

5 https://www.epa.gov/sustainablenanagementfood/reduce
wastedfood-feedinganimals

6 https://www.epa.gov/sustainablenanagementfood/industriak
useswastedfood

7 https://www.epa.gov/sustainablenanagementfood/reducing
impactwastedfood-feedingsoiltand-composting

1 http://louisville.edu/cepm/compendium

2 https://www.epa.gov/sustainablenanagementfood/food-
recoveryhierarchy

3 https://www.epa.gov/sustainablananagemenifood/how-
preventwastedfood-through-sourcereduction

4 https://www.epa.gov/sustainablananagementfood/reduce
wastedfood-feedinghungrypeople
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account, such as the state/county/municipal organics receery decisiormaking. However,

regulatory framework under which a new-on by revealing the key areas for weighing

site organics recovery program would fall. capacities and constraints, while learning about
The dz3K2dzi G KA & R2O0dzYSy (i Jothér éx@ting grodeanis Sdacisi8nakers ¢an
schools take inventory and weigh certain begin to gather the information that can lead to
elements that might sway a school between more informed decisios about which methds
implementing onsite or offsite orgarics to adopt.

recovery. Given the variousethods of
organics recovery (from experimental-ite
yourself pilot projects to highly mechanized
systems), the most common approaches were
identified and researched; this included iabilit _ ite). fi ol
O2yilOhGAy3 &I OK aoOK22t Q%"a‘i‘d@‘e‘(oﬁﬁ'ﬁpﬁ des nancidl 5 556 a0
. . . considentions staff/volunteertraining and
to learn more about financing mechanisms, o _
. . ) coordination, andhe capacity to foster the
rationale for decisionmaking, successes and )
. g . internal and external support needed for a
failures,capacitiesand constraints for each
: L successful program.
technology and techniques for participation.

The organics recovery decisiamaking process
at postsecondary institutions is influenced by a
combination of factorslt can bedriven by
geographic location (city, town, suburb), land

Institutional partnershipsand the identification
of funding mechanismgsboth of which
determine the makeup ofinoperational model
for organics recovery, are important elements
of an organics recovery program. The
operational model, whether oror off-site,
small or largescale, may function witktudent
involvement, the incorporation intcacademic
programming and/or externalcommunity
partnerships By considering each of these
factors and the unique characteristics of each
school, colleges/universities can evaluate which
method to adopt, who will be responsible for
operations, how the program will be funded,
and what type of added involvement is best
from students, facultyand the surrounding
community.

Each section of this report is framed around the
guestions that institutions should ask
themselves as they begin to compare different
options for organics recovery. The Tool is
organized to serve as a launchipad for
exploring methods that could suit ¢hdiversity

of schools, regardless of size, student
enrollment, and geographic location. With
permission and input from institutional
representatives, descriptions of existing
programs and linked external resources are
provided. It is understood that gim the
uniqueness of institutional management
structures, funding availability, state/local
regulations, orsite space availability or offite
centralized facilities, and a host of other factors,
there cannot be a onsizefits-all model for

@ INSTTUTIOMNAL PARTMERS O STUDENT INYOLYEMENT

FUNDING MECHANISMS Q ACADEMIC PROGRAMMING

@ OPERATIONAL MODEL @ COMMURNITY PARTMERSHIPS



Methods of Organics Recovery

Source reduction is the action of decreasing
food waste through methods such as
continuous tracking of surplus and wasted
food, reorganizing the way food is offered
in dining facilities, and altering food
handling procedures by kitchen staff.
Regardlessfahe source reduction
technique, the first step to making informed
decisions is to keep track of the amount of
food being ordered and then inventory pre
and postconsumer food waste. Conduct a
baseline audit with the help of student
volunteers and stafby tracking the

amount, type, and reasons behind wasting
food. Then, establish regular procedures
for tracking food waste For example, at
Berea College, kitchen staff measure,
monitor, and trackwvasteby following a
common procedure calledeanPatt?
Through this system, food scraps are
weighed multiple times per day then
recorded on a walnounted table located
directly above the scale. Once the food
waste is weighed and recorded, it is
transported to the campugardenfor
composting In the kitchen, staff can ensure
food handling procedures include proper
storage technigues, and/or going trayless (if
applicable). Another technique is to use
excess fruits and vegetables to make salads,
desserts, or soups. To dmirage
consumers from receiving excess serving
sizes, dining facilities may offer individual
portions at staffed food stations; rather
than buffet style. By adopting the
aforementioned source reduction
techniques, schools can save money

8 www.leanpath.com
9 http://www.foodrecoverynetwork.org/

through food purbasing and/or labor, save
in energy and transportation costs
(production and/or shipping), while also
preventing waste from ending up in landfills
that contribute to the release ahethane

and overall pollutionEnvironmental
Protection AgencyEPA, 2015).

If food waste is unable to be reduced
through source reduction methods, schools
may consider distributing excess food to
hungry individuals. As of 2015, The U.S.
Department of Agriculture (2015) estimates
that 30-40 percent of food ppduced in the
U.S. is at some point considered wasted.
The majority of this percentage is food that
can still be eaten. However, too often
consumables end up in landfills rather than
in the hands of those that could benefit
from it. There are a varieyf ways that
schools can donate food. It can be given
directly to individuals, neighborhoddased
organizations, soup kitchens, food pantries,
and/or food shelters. Some organizations
will even pickup excess food which can
reduce the transportation cas a school
would otherwise incur for delivery. Two
groups/resources that can assist with food
waste reduction and donation is theood
Recovery Networfkand theFood Waste
Reduction Allianc® Aside from benefiting
individuals, thé recommendation from EPA
(20158 reduces food that enters landfills
and saves the school money. Food
donations also have the ability delop
partnerships with the surrounding
community. Prior to implementing such
strategies, research and look injoidelines

10 htp://www.foodwastealliance.org/
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and requlation& to address safety
concerns.

Athird optionfor handling food waste is
using it as animal feed; this is especially
suited forfood wastethat is inadequate for
human consumptionFood wastes might

be donated to a local zoo or animal shelters

or to farms or other livestok research
facilities that are managed by the school.
However precautions need to be
considered for proper handling of the food
waste to be used as animal feed@efore
delivering food for animal feedesearch
statelegal guidelinegor the transfererce of
food. Eachstatewill differ regardingthe
amount of food allowed to be donated,
types of feedstock &wed, and the
frequency of donation$EPA, 2015c

The fourth tier of the Food Recovery
Hierarchy is reducing food waste through
industrial methodgEPA, 2015d) This type
of food reduction uses food waste to
generate an alternative energy source.
Types of food waste thatouldbe
recovered aredts, oil and grease that can
be renderedand made into another

1 http://law.uark.edu/documents/2013/06/LegaGuide To-Food

Recovery.pdf

product, such abiofuels. Another recovery
method is anaerobic digestion, which can
accept a wider range of organic wasee
Anaerobic Digestion, page 22

Compost is formed by mixing different
types of organic waste suels food
residuals, yard waste, manure, animal
bedding, and other builking agents in the
right ratios to form piles (static piJdin
system$, rows (windrows), or vesse(is-
vessel, vermicompost, black soldier fly).
With time andthe correct nitrogen to
carbon ratio,organic materialbreak down
in three phasedn the traditional
composting process; mesothilic or
moderate temperature phas@astinga
couple of dayy thermophilic phases or
highrtemperature phaseléstinga few days
to several monthys and a coolingnd
maturation phasel@sting several months
(Trautmann & Olynciw, 1996).
Vermicompost and Black Soldier Fly
compostingare similarto traditional
composting, in that both convert ganic
waste into valueable end products for use
as plant ineculent (castingscompost te,
soil amendment, or even animal feed (black
soldier fly larvae).


http://law.uark.edu/documents/2013/06/Legal-Guide-To-Food-Recovery.pdf
http://compost.css.cornell.edu/microorg.html
http://law.uark.edu/documents/2013/06/Legal-Guide-To-Food-Recovery.pdf
http://law.uark.edu/documents/2013/06/Legal-Guide-To-Food-Recovery.pdf

Permitting and Other Regulatory Issues

Regulations for organiggecoveryare
establishedo protect the health and welbeing
of people and their environment and encourage
the diversion of organic waste from entering
landfills while also creating a uséfwroduct and
serviceldeally, regulatory standards minimize
anystrainsi K G I FFS OO0 odtsyhatA vy &
are incurred(Governo, Gask, Faucette, &
Borden, 2003) Depending on the State,
institutions that produce food waste and
generate compost solely esite that is not for
sale could be either exempt or falhder

minimal permitting standards for
demonstration composting. If organic waste or
the finished compost leaves the generating
facility at any point, there are certain
operational standards to be aware of when
applying for a composting permit. Whether
demonstration or operational, if the compost is
sold, it is important to note that each State has
applicable laws/statutes and environmental
regulations for waste, water, and air, as well as
occupational safety, and product registration.

When determiningvhere to locate a compost
facility, find a site thats located away from
surface water bodies and at a location that will
mitigate the flow of surface water through the
piles. By taking these parameters into account,
the chance that runoff from the siteill enter
surface water will be reduced. Regarding water
guality, some States may require that
composting facilities minimize the production of
leachate and runoff by designing storm water
management features such as ron

prevention systems, which mayclude covered
areas (roofs), diversion swales, ditches, or other
features designed to divert storm water from
areas of feedstock preparation, active
composting, and curing. It is key to design and
construct pads that are curbed or graded in a
manner toprevent ponding, to control rwon

2 For information on state regulations and programs, visit the U.S.
I 2YLI2abGAy3a / 2dzyOAf Qa RANBOG2NE
http://compostingcouncil.org/statecompostregulationsmap/

and runoff, and to separately collect and convey

all storm water and leachate to separate
storage or holding systems.

To learn about composting permitting and
regulatory considerations, visit and inquire with
{ihk iildziank 2até Ogpart@enté that manage
composting programer the State Chapter of
the U.S. Composting Coun®ilAgencieghat
house these programs will vary and composting
could be housed withithe Solid Waste Division
of a State Health Department or the State
Department of Environment QualityAs the
organics recovery industry continues to grow
regulatory agencies su@s the South Carolina
Department of Health and Environmental
Control (SCDE@je updatingregulations in
order to provide a clear path toward permitting
food waste composting facilitieshile offering
outreach and technical assistance (Chesley
2015). Forexample, the North Carolina
Department of Environmental Quality (NCDEQ)
employs an Organics Recycling Speciatist
focuses on recycling issues with the private and
public sector and offers assistance to schools.
At North Carolina State in Raleigh, K@,
NCDEQ has provided assistance when
conducting a waste audit on campus for the
purpose of transitioning their of§ite

composting program to osite methods.
Permitting applications may requirepdanfor
processing compostand during the planning of
a facility, the State departments may conduct
site visits to provide guidance and technical
assistance to schools.

At the local level, municipalities may have an
organics recovery program and offer technical
assistance to educational institutions. For
exampleGreenville County, L3 6 K2 Y S
Furman University) Solid Waste Division states
on theirwebsité“d Kl & G KS& al O

13 hitp://compostingcouncil.org/statechapters/
I 4ht://www.greenvillecounty.org/

27
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O 2 Y LJ2 aky providivg resources for
Greenvilé residents including composting
instructions and a list of businesses in the area
that offer composting as a method of organics
recovery. Local government agencies that
manage organics will differ and organics
recovery information may be located on
depatmental websites such as waste
management, public works, and planning. Local
regulations for a new facility falls under land
use, zoning, or conditional use permits,
construction and occupancy, city/county code,

stormwater, solid waste management, and
hauing franchise agreements (Perszyk, 2@15

Aside fromabiding bythe proper regulatory
agencies, conneatith surrounding local and
regional schools that have completed the
permitting process for a composting facility. It
will be useful to listen téessons learned while
determining the method and strategy for
navigating the permitting process with as much
ease as possible.



@ Institutional Partners

The successful planning andglementation of
an organics recovery program depends on the
demonstrated political will, partner
commitments, and financial and volunteer
support from internal and external groups.
Some of the essential partnerships are among
internal departments such dacilities
management, the grounds department, dining
service providers, waste reduction, recycling,
sustainability staff and students. Other
participating partners include administration,
research staff/faculty, building managers,
garden/farm/arboretum aff, residence halls,
and other external stakeholder. Schools that
are able todevote an ample amount of time

for coordination may form special committees
or councils that meet regularly to oversee
organics recovery.

Below are a few questions to consider
answering when establishing partnerships:

INSTITUTIONAL PARTNERS

Georgia College and State University, Milledgeville, GA
Enrollment Size Catego$,000- 9,999

DuringSpring 2014Georgia College and State University
Environmental Science students, in coordination with the
Campus Sustainability Director aBdvironmental Science and
Biology Professors, initiatieorganics recovery planninglere,
students advocated for, planned, and assisted with the
organizationof an $180,000 kvessel composting program
This project was selected by the Campus Green Initiative
Committee of the Student Government Association to be
funded by theStudent Green Fee Grant PrograSudents
submitted afunding proposathat included a cosanalysis to
determine theprojectfeasibility aad animplementation plan.
Once constructed, the project will integrate student project
leaders (two partime workers) with Facilities Operations staff
and Dining Services staff, to ensure that waste is handled and
transported to the composting site fivdays a weekin addition,
student workers proposed to produce educational materials
and programs for other students and the community, along
with a bestpractices handbook to ensure continuity of the
composting operations.

o

Administration
Dining Services

1 v

Who should be included in organics recovery decisimaking?

Exernal Stakeholders (Engineergchnical Advisors, Planners, City/County Waste

Management/Public Works, State Regulatory Agency, Neighborhood PaxitieesJocal/regional

Educational Institutions)

Garden/Farm Manager
Residence Life
Student groups
Sustainability Program

P I 2 23 i 2

Facilities Management (Grounds Department, Waste Reduction, Recycling)
Faculty/StaffOffice Management

How should decision making and coordination occur?
A Existing Sustainability Committee/Council
A Special Composting Subcommittee/Taskforce
How are staff and volunteer reponsibilities established?
Identify funding capacity andedicated individualto fulfill:

Dt v >

Parttime/full-time paid staff assignments
Paid/volunteer student work assignments
Committed research facultv


http://www.gcsu.edu/green/green-fee
http://web1.gcsu.edu/green/docs/grfee/cgif_1409_wright_compost.pdf

Funding Mechanisms

Organicgecovery programsan be financed
through a combination of internal anekternal
funding sources. Once the potential
Ayaluaddziazylt LI NIySNa
advantageous to then connect with these
partners and further explore available funding
opportunities. Funding opportunities will vary
depending on factors such as state, regional,
local, and institutional programming. In
addition the examples shared here and in the
Compendium of Organics Recovery Programs
for Colleges and Universities, connecthw

other institutions that have established organics
recovery through groups such as the College
and University Recycling Coalition (CURC).
Through this professional association,
sustainability coordinators and recycling staff
can gain experiential knowledge and learn
about financing examples, then consider these
f Saazya tSINYySR G2 c')ééu
organics recovery program.

Tolearn about external grant funding
opportunities, visit and inquire with the
relevant state department§that manage
composting program information. Composting
programs are houskwithin agencies such as
the Solid Waste Division within a State Health
Department or the State Department of
Environment Quality. Often colleges and
universities can apply for grants through State
administered recycling programs. It is not
uncommon forschools to team up on grant
applications through publiprivate

partnerships; which many grant programs
promote. Additionally, local municipalities may

15 For information on CURC, visitttp://curc3r.org/

16 For information on state regulations and programs, visit the U.S.

I 2YLI2&aGAy3a / 2dzyOAf Qa RANBOG2NE
http://compostingcouncil.org/statecompostregulationsmap/
VLYF2NNIGAZ2Y 2y D/ {! Q&8 LINRLRALf
http://webl.gcsu.edu/green/docs/grfee/cqgif 140 wright comp
ost.pdf

offer grant funds through agencies such as local
health departments and municipal waste
management sefices. For example, at the
SohitEern AlliRdsyUdiverkity & RatboridaleQa
small portion vermicomposting program was
financed in part from grant funds received from
the Jackson County Health Department, while
the other portion was funded by a $150,000
grantfrom the lllinois Department of
Commerce and Economic Opportunity. When
grant opportunities are identified, students
conducting coursework in programs such as
Public Administration and Nonprofit
Management can gain realorld experience in
grantwriting while saving staff the time and
money spent to develop and submit a grant
application.

An internal source of funding for capital stam

costs %orgamc?(r%cgvg&/ péro!be %\s has Reng 2
# auN) UuUS

where dedicated student feeﬂsre allocated

toward sustainability projects. For example, at

Georgia College and State University in

Milledgeville, GA, students applied for $183,000

to fund an invessel unit to compost the

dzy A S NE A (i e'atheTUupieRity of &4 G S @

Tennesse€ Knowille, funds have been

received to purchase equipment to support

their windrow composting operation. To learn

Y2NB | 62dzi SEA&GAYHRE a3INBSY

Association for the Advancement of

Sustainability in Higher EducatiohASHE

provides asummary listintf of student fees for

sustainability programs.

Z$D<
&
(j))

8 nformation on student fee for sustainability programs:
http://www.aashe.org/resources/mandatorgtudentfees

I réh&fvableenergy-and-energyefficiency
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http://compostingcouncil.org/state-compost-regulations-map/
http://curc3r.org/
http://compostingcouncil.org/state-compost-regulations-map/
http://web1.gcsu.edu/green/docs/grfee/cgif_1409_wright_compost.pdf
http://web1.gcsu.edu/green/docs/grfee/cgif_1409_wright_compost.pdf
http://www.aashe.org/resources/mandatory-student-fees-renewable-energy-and-energy-efficiency
http://www.aashe.org/resources/mandatory-student-fees-renewable-energy-and-energy-efficiency
http://www.aashe.org/resources/mandatory-student-fees-renewable-energy-and-energy-efficiency

Other considerations for funding organics
recovery programs can be from income
received fom services offered to the
community, such as hauling services for small
local businesses, the sale of finished compost,
and offering educational opportunities. If a
local business can be identified, a vehicle for
transport, and the staffing is availabl

option could be the diversion of organics by
charging for hauling services, while receiving
income to fund the staffing of a demonstration
composting program. For the University of

[ 2 dzA & @ kyisténBSc@naposiing grogram, the
project manager has ¢ablished an agreement
with a local coffee chain to pick up coffee
grounds once per week at a price of $500 per
month. Also, schools can earn income by
offering learning opportunities to community
groups through workshops hosted by the
school. As an exgpte, Furman University
offers a composting workshop series to
community members at a price of $35 per
person’® Although workshop fees may be
small, this can result in a substantial amount of
funding for smalkscale demonstration
composting programs. Othachools might
finance their programs through the sale of
finished compost, such as Clemson University
who sells landscaping mulch, leaf mulch, and
composted food waste to the communit{.

A benefit of networking with nearby institutions
of wellestablidied organics recovery programs
is to absorb their lessons learned while even
having the chance opportunity to receive
equipment donations as upgrades occur and
older equipment is no longer needed. For
schools considering cffite centralized

19 For information on the Furman University Farm, visit:
http://www.furman.edu/sites/LiveWell/EatWell/Pages/FurmanFa

rm.aspx

composting arangements, partnership with
surrounding schools can create cost savings by
negotiating multiagency contracts with hauling
services. For example, in the Charleston region
of South Carolind! the combined organics
waste of multiple schools could guarantae
large amount of organic waste, thereby
increasing their negotiating power to settle on a
lower rate with a local hauling service.

Whether on or off-site composting, the
2LISNF GA2Yy I
recovery program will depend on dedicated
funding through existing institutiond&ludgets

for operations support staffFood wastemust

first be collected at dining facilities, where
kitchen staff is trained to sort and separate
organics.By relying on backf-house handling

of food waste, the lsances of contamination

are reduced since diners are no longer
responsible for handling their own waste.

Other composting operational staffing is
needed for the transport of collected food
waste. These jobs can be filled by existing staff
(dining servics, facilities or farm management,
and, in some casestudent laborg paid or
volunteer) Student staff could be hired as part
of sustainability program funds, or other
research funds associated with agriculture,
environmental science, or engineering stesli
(just to name a few). @ated time and

physical labor from faculty, staff and students
include volunteer time from clubs, student
groups, required coursework activities, and
research associated with organics recovefya
school utilizes ofsite ceriralized composting,
transporting food waste to of§ite facilities

would need to be contracted.

21 One example of a muiigency contract is through the Medical
University of South Carolina, the College of Charleston, The
Citadel, and Trident Technical College. More information here:

DFgrinformatonon€SYaz2y Qa 02YLR2ad F2N & htipSmw@hiuickduNpfa/eandf/sustainability/compost.htm

http://www.clemson.edu/facilities/recycling/composting/sale.ht
ml

Oz2adta 27F |
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http://www.furman.edu/sites/LiveWell/EatWell/Pages/FurmanFarm.aspx
http://www.furman.edu/sites/LiveWell/EatWell/Pages/FurmanFarm.aspx
http://www.clemson.edu/facilities/recycling/composting/sale.html
http://www.clemson.edu/facilities/recycling/composting/sale.html
https://www.musc.edu/vpfa/eandf/sustainability/compost.htm

FUNDING MECHANISMS

What are the financing approaches to consider?

A Dedicating an internal operational budget (facilities, dining services, isabiiity funds)

A Rely on donated time/equipment/work (students, faculty, staff)

A Apply for external funding opportunities (state or local grants, private foundations)
What type of labor will be used?

A Parttime/full-time paid staff assignments

A Paid/volunteerstudent work assignments

A Research facultistaff
What costs should be considered?

A Prelimirary sudies (vaste characterization study/audit, feasibility study, cbsnefit analysis,

planning and design)

A Capitalcosts gite preparation, constration/installation of facility, tools and equipment)

A Operational osts fuel for transportation of feedstock, labor, electrigityauling contracts
What savings should be considered?

A Savings from reduction in landfill fees

A Savings from reduction itompost purchase costs

A Changes in greenhouse gas emissions

10



@ Operational Model s

The operational model for organics recovery will be unique to each school based on the combination of
institutional participants, fundingnechanisms, student involvement, academic programming, and
community partnerships. Depending on the type of composting, the duration of the operational process
for orgarics recovery will varfrom a few days to several months. The size of the institudioes not
necessarily dictate the scale of the organic recovery program; some campuses employ several methods
of composting that are both institutional (largeeale) and demonstration (smaitale) and/or

combinations of both (Pompei La&izemore, Hebez| & Norton 2015).

This section provides an introduction to various scales efod offsite organics recovery methods
that isinterspersed with profiles of schools that have existing programs. When considering the
appropriate operational model, it isseful to understand common program types, methods, and
source inputsDemonstration Composting (smaltale) iordinarily coupled with demonstration
gardens/farms and refers to composting that is visible to individuals while showcasing how to
compost athome or other locations. Composting assistance may be generated through volunteers,
interns, and at timegpaid staff Institutional Composting (largscale) efers to composting efforts

that the college/university manages from largeale sources.

Onsite2 NHI yAO0Oa NBO2YSNE A& O2yRdzZOGSR RANBOWnéde 2y (K
TIEOAEAGRD-aAIKA hNBI S Gh ywS 02 OSNE aSiKgdRas aSOiAizy
methods, keep in mind thahesesamemethods may also be condigcl on offsite facilities through

contract with waste management services or in partnership with commubaged organizations.

Aerated Static Pilesonsists of placing large piles of compost (@wgndrow) over pipedo allowair to
circulate. This is a popular form of composting because the design structure is fairly simple, there is low
operation labor, and lower capital costsathather forms of composting (ER20159.

Anaerobic Digestions a process where mioooganisms break down organic materials in the absence of
oxygen, thereby producing biogas and soil amendments. Biogas can be used as a source of energy
similar to natural gas (EPA, 2@)50neexample includes the use of a biodigester.

Bin-Systemis asmall scale operation where organic waste is placed into containers or bins in order to
retain the heat and moisture from compost. Commonly-$ystem composting is built from either
wooden pallets, chicken wire, recycled lumber, and/or concrete bltwksake afour-sided container
(EPA, 2015¢e

Black Soldier Flies, Larvae Compostisgimilar to vermicompost (see below) but instead of worms,
black soldier fly larvae are used. This type of composting has numerous benefits. For example, these
flies ed a widerange of food waste and black soldier fly larvae lowers disease threats in compost
because they prevent unwanted insects from laying/hatching eggs in the compost (Ratldck2013).

Compost Teas derivedby steeping finished compost to eatt the liquid residue. Compost teais a
beneficial asset to enriching soil due to its high amounts of microorganisms ¢Pahne012).
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In-Vesselcompostings generally used to isolate organic waste into a container, such as a drum, silo,
or even an aclosed building. hressel containers control the oxygen, temperature, and moisture
level of the compost (Cooperband, 2002). These containers also have a tool that is used to turn the
compost periodically (BioCycle, 2011).

Vermicompostuses red wormshat are placed in the organic material to assist with the decay of the
organic waste. The requirements for vermicomposting include worms, worm bedding, organic
matter, and a bin to keep the worms enclosed (Dabbs, 2009).

Windrow Styleis placing organic wste in long, narrow piles that allows waste to form compost.
Windrows are the most common form of composting nationally due to their low operation

12



Aerated Static Pile

Types

Land/Space Requirements

Type of Feedstock
Feedstock Restrictions
Feedstock Capacity
Retention Time

Notable Colleges/Universities

Technology Providers and DIY Designs

Cost Considerations

Roles and Responsibilities

Essential Tools, Equipment, and/or Input

Benefits

Challenges

Common Terms

Educational Resources

Passively Aerated Pile, Aerated Static Pile (ASP), Extended AerateRiEt4EASP), Static
System, Positive (forcedraft) Active ASP, Negative (induced draft) Active ASiHresitional
Active ASP, Bisystem

Land requirements vary depending on the method used

Food scraps, papg@roducts, yard trimmings
Animal byproducts, oil/grease

Less than 1 tog 250 tons per day*

90 days (EASP)¥6 months***

Appalachian State Universifforceddraft), Clemson University (forcedraft), Georgia
Southern UniversityW/ire binsysten), Furman Universityl(bin-systen)

Proprietary technologies€£ngineered Compost Systen®ORE Cover Technolpgnd
Managed Organics Recyclji@? ComposiGreen Mountain Technologi¢#** DIY Designs:
Two-Bin Composting UniDesias for Composting Systems

Large Scale: Planning and Engineering ($25800000), Purchase of System Containeriz:
ASP ($100,000$700,000)

Small Scale: Planning and Engineering (<$25,000), Purchase of System (SHZ5(TID)
Fuel for vehicles and equipment, labor, maintenance and storage facility for large
equipment****

Program/Recycling Coordinator, Student Coordinator (if student labor is used),
Recycler/Hauler (to transport feedstock), Recyfeix and add feedstock, transport finishe
compost), grounds/landscaping or farm staff (apply compost to grounds)

Frontend loader, skigsteer loader, farm tractor, or excavator. Screen (deck (flat), disc,
grizzy, orbital, star and trommel screens), biogenic or synthetic covers, vertical mixer,
shredder, grinder, trommel, compost baggerpH meter ($8 for basic to $225 for digital), s
thermometer ($7 for basic to $287 for digital)

Static Systems:

Lowercapital and maintenance costs

Less equipment and staffing

No electric power needed

Aerated Static Piles:

Reduced space requirements

Biofiltration can help control odors

Shorter compost retention times****

Static Systems:

Large area required

Feedstock restriction of putrescible materials

Difficulty controlling odors

Longer process times

Aerated Static Piles:

Higher capital costs

Potential for faster moisture loss

Feedstock should be mixed before adding to pile

Higher operator skillsets needed

Electric supply needed****

Active, passive, positive, negative, bidirectional, enclosed, containerized, covered, oper
closed

Static Pile Composting Videbhe Specification of Static Pile Testi@itatic Aerated Pile
Composing-An Odour Free Option

*Green Mountain Technologig¥Siegrist, 2014, *EPA, 20E5**** Plattet al., 2014

The aerated static pile (ASP) process is an is increasing in the United&@es composting
example of a composting system where the industry due to the potential for more
substrate, such as food waste, is mixed with a consistent processing and, when covered, for

bulking agent, such as wood chips, and formed potential improvements in odor management
into a large pile (Haug, 1993). ASP composting and stormwater runoff quality (Coker &ibson,
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http://sustain.appstate.edu/zerowaste/composting
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http://www.green-ensys.org/site/publications/Static_Aerated_Pile_Composting.pdf
http://www.green-ensys.org/site/publications/Static_Aerated_Pile_Composting.pdf
http://compostingtechnology.com/

2013). The bulking agent creates the structural
stability while naintaining air voids without the
need for periodic agitation. Typically, no
agitation or turning of the static bed occurs
during the compost cycle, and the piles are
formed on a batch basis (Haug, 1993).
Detention time in the aerated pile is usually
abou 21 days, after which the pile is
dismantled and curing occurs up to six months
until the compost has matured. Static pile
composting is usually limited to quantities less
than 1,000 tons per year due to the large land
area requiredPlatt, Goldstein, Geer, & Brown,
2014a: 13). For composting brushy and woody
materials, piles are built and allowed to
decompose for B years with little or no mixing
or turning. As static systems, it is very
important that the mixing ratios of the
feedstocks be correct en the piles are

formed and that the piles have adequate
moisture, as fans in active systems induce
evaporation easilyRlattet al., 2014: 16).

Static pile systems can be passively or actively
aerated. A passively aerated system is less
expensive becae schools do not incur the
energy costs associated with powering fan
systems to aerate the pile. However, it take less
time to compost an actively aerated pile
compared to a passively aerated system; thus
requiring less space. Additionally, actively
aerated systems can contain odor control
systems to reduce potential nuisances.

Actively aerated composting systems (positive,
negative, or bidirectional) use fans and blowers
to move air through the compost pile to
maintain aerobic conditions. In a poséi

aeration system, air is introduced through
perforated pipes at the base of the pile then the
air migrates upwards, carrying entrapped gases
and moisture up and out of the pile. In some
positively aerated systems, a layer of compost
or a fabric cover igsed to help manage odors
and to retain heat and moisture in the pile.
bSAlFGA@Ste FSNFrGSR aegai
downward through the pile and into the
aeration pipes. Due to the high temperature
and moisture content of the air, it is usually
cooledprior to entering an odor control system.
Cooling the air condenses the moisture, so

condensate management systems are needed.
Odor control systems can contain biofilters or
chemical scrubbers. Bidirectional systems are a
combination of positive and netjee aeration
systems with more advanced ducting and
controls to more efficiently control

temperatures in the pilesRlattet al., 2014

15).

Aside from the passive vs. active pile types,
another variation in ASP systems is that they
can be in an open arlosed area. Piles may be
closed under paviliostyle or fabriecovered
roofs, containerized systems enclosed by
concrete bins, inside modified shipping
containers, or covered with breathable fabric
covers Plattet al., 2014 16). Covered
systems areansidered batch systems because
once covered, the pile remains undisturbed in
place for the duration of active composting
and/or curing. This type of system does not
allow for moisture addition, but the covering
conserves moisture evaporation in the
compasting process, so moisture addition is not
usually needed. Covered ASPs can scale from a
few thousand tons per year to over 200,000
tons per yearRlattet al., 2014z 90).

There are various technologies available from
companies that can accommodatéferent size
capacities. Smadicale aerated compost bins
are available and tend to be batdniented
systems, capable of composting28 cubic

yards (CY) per batch (or per bin) and can include
an active blower system or passive -t
Systems can biled and emptied manually or
with a small skid steer loader or tractor. Small
bin-systems can be reasonably priced, and are
available for purchase and construction, or as
do-it-yourself kits that can be constructed by
leveraging local resources and paiolunteer
labor.

The type of materials for the operation of an

ASP composting facility can range significantly
depegding ppihe ampungoffeedsineica schogly
iS processing. Static pile systems such as bin
systems can be as small as 4 CY per bin or large
static pile systems that can handle up to 1,500

CY per dayHlattet al., 2014 16). Large static
piles are normally built using fromnd loaders,
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skid-steer loaders, farm tractors or excavators.
With large volumes, additional automated
equipment may beneeded such as screeners or
compost baggers. For smaller ASP systems such
as the binsystem, inexpensive tools for manual
labor such as a shovel, thermometer, and
wheelbarrow can be used.

To determine where to site the ASP, find a site
that is located awy from surface water bodies
and at a location that will mitigate the flow of
surface water through the piles. By taking these
siting parameters into account, it will reduce

the chance that runoff from the site will enter
surface water. This also redud® chance that
surface water will flowonto the compost piles
(Harrison, Bonhotal, Schwarz, & WelR0O05).
Moderate to welldrained, hardpacked soils

with gentle slopes of about 2 percent are well
suited to prevent ponding of water. Check with
the USDA Natural Resources Conservation
ServicF2NJ @2 dzNJ F NBIF Qa
sure the site is out of the floodplain or wetland.
Check specific State rules to deténe whether
the siting of your facility would fall under
specific regulations.

Regardless of State requirements, being mindful
about the siting of a facility helps mitigate
potential water quality issues and odor
nuisances. A high water table may l¢ad
flooding of the site which makes equipment
access and operation more difficult. Flooding
can also promote anaerobic conditions which
may lead to malodors. Consider the distance of
GKS aadas
since odor is likely gnmain reason that
neighbors may complain about the operation.
Determine the dominant wind direction, and if
most air flow is directed toward populated
areas, look for another site.

Some considerations when determining space
requirements of the ASPs inde area for the
active piles, curing piles, storage of bulking
materials, area for screening and bagging, and a
space to store equipment. The area required

22

http://www.nrcs.usda.gov/wps/portal/nrcs/soilsurvey/soils/surve

yl/state/
23 hitp://cwmi.css.cornell.edu/compostfs6.pdf
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depends on the volume and types of materials
processed, the size and shape of piles, the type
of technology used, and the time required to
complete the process. Static piles and turned
windrow methods require more land than
forced aeration and ivessel system methods
(Harrisonret al., 20053). For some rough
estimation, determine the following: Vight

and type of inputs (feedstock) to process on a
weekly basis and/or the weight of outputs
(finished compost) desired. Based on this
amount and other aforementioned space
considerations, the footprint and volume
capacity of the facility can be deterngid. One

of many helpful tools to determine space
requirements is the Cornell Waste Management
L y & (i XaidtslzéeSaR dompost padsd

It is essential to have a committed staff
member that has th&nowledge and ability to
organize the planning, construction, and

a 2 A facilitayé e dp@fdtian bfzhy facility.. F8st, this

person should identify both internal and
external stakeholders that may support and
participate in the program. If smadtale
compoding is being considered, it is essential to
equip all participating parties with the
instructions and training on how to accomplish
their assigned tasks throughout the composting
process. If largscale ASP is being considered,
other partnership opportuiiies among internal
and external departments are key to acquiring
initial funding and ultimately to the success of
the composting operation. Consider harnessing
- the knowledge and expertise of rec ‘%\Iir;/glwas}_e AL x
Yidh, dthing sérvichs ghybigal® ¥ 3 T NB I
plant/grounds crews, cooperative extension,
agriculture, or even external community groups
to contribute to the process. Reach out to the
appropriateStatelevel department* that can
offer assistance with permitting and siting and,
if applicable, identify potentiegrant funding
opportunities. If deemed appropriate, convene
a committee of department representatives and
hold regular meetings to get the ball rolling

24 For information on state regulations and programs, visit the U.S.
| 2YLI2adAy3a / 2dzyOAf Qa RANBOG2NE |
http://compostingcouncil.org/statecompostregulationsmap/

iy
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while working through the questions that need 2014a). Operating costs can be less, as they are
to be answered. less labotintensive, although electricity costs
can be significant in larger facilitigléttet al.,
2014a: 16). Other operating costs include staff
salaries and training and energy costs. Staff
training encompasses how feedstock is
transported and mixed, methods of monitoring
and maintaining the piles, and harvesting,
applying and/or distributing the finigd
compost. Energy cos$/3 the energypare
associated with fuel for equipment and
powering any fans or blowe(Siegrist, 2014).

Capital costs for ASP can be less theined
windrow systems, but only if the expense of a
dedicated windrow turner is not incurred.
Smaliscale ASP systems are usually below
$10,000%$25,000 eachRlattet al., 2014:90).
Actively aerated systems purchased from
technology providers can hawggnificant
capital costs, which tend to be higher for
tunnels, containers, and bagBlattet al.,

Georgia Southern Universi§tatesboro, GA
Enrollment Size Category: 20,000 and above

A composting pilot was launched at Georgia Southern University (GSU) &
in summer and fall 2015. The project was organized by Brandon Blair, |
a Masters of Public Administration Graduate Assistant (GA) for the
Center for Sustainability with the help of onedergraduate intern

and many student volunteers. The group first concentrated on
composting research and included a site visit to nearby University of
Georgia to study their composting program. The student involvement
element of the composting projettas been critical to its success to
date; the Center for Sustainability, facilities, and other departments
do not have a dedicated staff position that focuses on composting.

The purpose of the pilot composting prograatnGSUwvas to inform Photo Courtesy of Georgia Southern Univers

and educate about the value of composting, and identify the best

management techniques for a program expansion. The ssnalk lowcost design (less than $500 in materials) is
composed of 4 ft. x 4 ft. wire mesh bins that are mobile, yet durable entughndle a mixture of food waste from one
RAYAY3 KIff yR 622ROKALIA FTNRY (GKS Ol YLdza 3INRdzyRa ®
interns to training and monitoring Environmental Biology student volunteers who are requireaiplete a threenour
service learning requirement per semester. Volunteers complete tasks such as mixing feedstock, turning piles, mon
temperature, and harvesting finished compost after-4 tonth period. Through experimentation at the Campus
Community Garderthe students even designed an innovative wheeteen made of recycled bike rims, wire mesh, and
castors on a small wooden frame. For oversight, the GA works alongside the Director of the Center for Sustainabilit
build partnerships vith kitchen staff to collect preonsumer food waste and facilities management to transport waste tc
the nearby composting site.

Through this lowbudget yet timeintensive program, GSU has had the opportunity to educate and collaborate with
students, faulty, and staff about the value of sustainability, while preparing facilities management to discuss the
possibilities of ramping up the program to accept larger amounts of organics. As they approach one year of the piloi
system, GSU is exploringetlexpansion of their organics recovery program. By leveraging coursework of Public Budge
students of the Masters of Public Administration program, a project team is conducting a lesp#oific cosbenefit
analysis that compares methods, includong vs. offsite composting. Once the analysis is completed, staff will continu
discussing the feasibility of program expansion and potential funding mechanisms, such as the Sustainability Fee Gi
program, which funds sustainability projects up to $00D.
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Appalachian State UniversiBoone, NC
Enrollment size category: 10,029,000

In 1999, composting at Appalachian State Univergipp(Statg

began as a studerdriven initiative using a small static demonstration
pile that accepted preonsumer food waste from one cafeteria, one
coffee shop and occasional clippings from the Biology greenhouse.
In the first year, 18 tons of food waste andfe® grounds were
collected. With interest from Sustainable Resource Management
students, the program was upgraded during a semester project by
adding aeration to the pile. Aeration was resourcefully achieved
through low technology and cost effective reuse of an old blower
motor salvaged from the physical plant and some perforated pipe.
By 2006, the school averaged 25 tons of food waste collected per y¢

and continued to expand. By 2010 an average ofttf6 of food
waste was collected per year. Photo Courtesy of App State University

In 2010, the University made the decision to invest in a facility upgrade, as the old system had reached its capacit
handle the increase loads of food waste and did not meet the requirements set by tlie Ganolina Department of
Natural Resources (NC DENR). In 2011, the university completediarfdéarced aeration facility in partnership with
Advanced Composting Technologies, Inc. to expand their capacity from 100 to 275 tons. Since then, thigyUaisers
expanded its operations to accept pestnsumer waste from major events at the student union (2011), football stadi
(2014), and the central dining facility (2015).

For the new forced aeration facility, App State is permitted through NC DEd{#ettate a Small, Type Il Solid Waste
Compost Facility. By abiding by the permit conditions, App State is ensuring that the facility is operated in such a
manner that erosion and runoff from the site is controlled; leachate and runoff is managed sgréleid or surface

gk GSNJ ljdzt f AGe AayQi I ROSNESte FFSOUSR® I RRAGAZ2YI
obtained to manage any stormwater or wastewater runoff. The Compost Facility Permit also requires App State t
conduct regllar testing and reporting on temperatures, moisture levels, aeration intervals, and the amount of mate!

composted in tons. This annual report is submitted each year to the NC Division of Waste Management.

Partners that have participated in thégmning, construction, and operation of the facility include New River Light anc
Power (the local utility provider), and departments within App State which include Physical Plant, Food Services, [
and Construction, Sustainability Office, Sustainaleleelbpment, Technology Department, and Biology. The facility h
also broadened the scope of research opportunities for students and faculty which includedratetsning

2LIR NI dzy AGASad CKS FTAYAAKSR 02 YLR NBDAOS adza SR 21K SO Id:
greenhouse, and its University Farm.
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Anaerobic Digestion

Types

Land/Space Requirements

Type of Feedstock

Feedstock Capacity

Notable Colleges/Universities

Technology Providers

Cost Considerations

Roles and Responsibilities

Essential Tools/Equipment/Inputs

Benefits

Challenges

Common Terms

Educational Resources

Covered Lagoon, Complete Mix, Plug Flow, Fixed Film*

Land requirements depend on type miethod

Food waste, municipal wastewater solids, fats, oils, grease, livestock manure, dairy, paper
and/or leaf and limb

Fixed Film (3 days)

Plug Flow Digester (15 or more days)

Complete Mix Digester (15 or modays)

Covered Lagoon (460 days)**

Ohio State University (OH)

Quasar Energy Group

Costs for initial technical and economic feasibility assessment

Capital costs

Maintenanceand repair costs.

Consulting=irm/Developer/Partner, System Designer/Engineer, System Man&gstem
Operator (monitoring, repair, and maintenanc&udent Coordinator (if student labor is used),
Recycler/tuler (to transport feedstock)

Feedstocks,@id/Liquid Separator, Digester Tank, Gas Cleaning Equipment, Generator Sel
(Michigan Farm Bureau)

Outputs of energy production and nutrient dense fertilizer

Odor control/reduction

Reduced water contamination due to liquid effluent runoff

Reducedhathogens due to controlled high temperature treatment of feedstock
High capital costs and maintenance costs

High skill sets needed for monitoring, maintenance, and repair

Requires daily monitoring

Permitting/Zoning requirements

Tank, vessel, bigas, methane, nitrogen, hydrogen sulfide, foreatment, digestion, gas
upgrading, digester treatment

U.S. EPA: A Maal for Developing Biogas Systems at Commercial Farms in the United Sta

*lleleji, Martin, and Jones, 2008 Anaerobic Digestion 102016,

Anaerobic digestion is a type of composting
method that breaks down feedstock in an
oxygen fredank, vessel, or environmeni\(hat

(Anaerobic Digestion Basjc013). Anaerobic
digestion occurs in four stages: gireatment,
digestion, gas upgradin and digester

is Anaerobic Digestigr2016 Anaerobic
Digestion 1012016). This method produces a
biogas that is used for energy for either
generating electricity or heat. The biogas is
primarily a mixture of methane (50 percens0
percent) and carbon dioxide (20 perceri0
percent) but can also contain hydrogen, carbon
monoxide, nitrogen, and/or hydrogen sulfide

treatment. There are also two types that vary
by temperature and retention time: mesophilic
and thermophilic. Mesophilic digestion requires
lower heat (68 degrees Fahrenheit04

degrees Fahrenheit) and longer retention time
(1-2 months)than thermophilic digesting
temperature (122 degrees FahrenheidO
degrees Fahrenheit) of a two week retention
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http://cfaes.osu.edu/news/articles/going-waste-ohio-state-wooster-campus-gets-30-its-electricity-from-refuse-generated
http://www.quasarenergygroup.com/
http://www.epa.gov/sites/production/files/2014-12/documents/agstar-handbook.pdf

time. (Biomas, 2011). This type of method
allows for a wide range of feedstocks including
food waste, municipal wastewater solids, fats,
oils, grease, livestock manure, dairy, paper,
and/or leaf and liml{Anaerobic Digestion 101,
2016) The overall process depends upon the
nature of the content being composted,
temperature, retention time, pH level, carbon
to nitrogen (C:N) ratio, and mixingatihod used
(Monnet, 2003Anaerobic Digestion Basjcs
2013). Aside from the recovery of biogas, the
left over, more stable substrate can be
recovered as a fertilizer or composted and
reusedfor beding purposdqllleleji, Martin, &
Jones, 2008).

As is wih every composting method, anaerobic
digestion has advantages and disadvantages.
Anaerobic digestion can add extra value to the
composting process by creating energyhat is
Anaerobic Digestion, 2016; Anaerobic Digestion
101, 2016). It also has the abyito control

odor by offering an enclosed storage space for
waste(Compost: How to Make it and How
Much to Use2016). If the goal is to profit from
organic waste diversion, this method yields
higher revenues compared to othenethods
(Tetra Tech EBAMetVancouver 2014.

Among the other positive attributes are the
ability to handle large quantities of feedstocks
and requiring a lower C:N ratio than other
methods. However, anaerobic digestion

requires high capital and operational costs due
to its compéxity. This method requires costly
specialized equipment and highly skilled labor
(FOR Solutions, 201@pmpost: How to make it
and How Much to Use2016). Anaerobic
digestion can also raise safety concerns due to
the gas being highly combustible. K&hool
were to utilize a similar method esite, the
digester would need to be located a safe
distance from human activity if an accident
were to occur(Anaerobic Digestion 101, 2016)
However, shipping organics efite to an
anaerobic digester may be mwideal for a
school wanting to use this type of method. An
example of an ofbite arrangement is between
Purdue University and the City of West
Lafayette See OffSite Composting, pagt.)

Ohio State University (OSU) in Columbus, OH
has implementedanaerobic digestion osite.

In 2012, the Ohio Agricultural Research and
Development Center received a $6.5 million
grant from the U.S. Department of Agriculture
and the U.S. Department of Energy to test and
expand the universitgleveloped anaerobic
digegion technology (Espinoza, 2012). The
550,000 gallon digester camnuallyprocess
30,000 wet tons of biomasgEspinoza, 2013).
Although the digester is located on the campus,
it is actually managed by a private company and
the energy is sold back thé OSU to power this
satelite campus.
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Black Soldier Fly Composting

Types

Land/Space Requirements

Type of Feedstock
Feedstock Restrictions
Feedstock Capacity
BSF Life Cycle

Outputs

Notable Colleges/Universities

Technology Providers
Available Product and DIY Designs

Cost Considerations

Value of BSFL

Roles and Responsibilities

Essential Tools/Equipment/Inputs

Benefits

Challenges

Common Terms

Educational Resources

Larvae Composting Farms (by State)

Black soldier fly larvae (BSFL) compostingdoimposting system

Temperature controlled environment needed with space requirements depending on
number of units purchased/built. Household units can be ~2 cu. ft. with a maximum
digestion capacity of 5 Ibs. per day. Larger units can require space of ~4 cu. ft. with a
maxmum digestion capacity of 21 Ibs. per day.

Food waste (including meat and dairy productspnure

Bones

On average 3 Ibs. per square foot of feeding area per day

Egg: 4 days3 weeks

Larvae: 2 weeks to 6 months (depending on living conditions)

Pupae: 2 weeks

Adult: 58 days

1542 O0A202y@BSNEAZ2Y Ayil2 &3 NUzo B/reptild fRehnd/de!
biofuels,5% bioconversion of waste into castiig

BSF grubs can be dried and pressed to extract oil for biodiesel, and remaining meal car
used as a chicken feed, fish feed, and fertilizer.

Clemson UniversityBlack Soldier Fly Digest€iemson Sustaable Biofuels

Texas A&M University: Forensic Laboratory for Investigative Entomological Sciences (F
Facility Publications

ESR International, LI BSFLRhoenix WormsNorthwest Redworm$WA)

The Biopodplastic), a Preast concrete or lightweight aggregafiehe Protapod6 Gallon
Bio-Composter+ S NY A Y | v O &, DY BSF BiBdil€CYour ®wh Black Soldier Fly Larv
Station

BSF larvae, any heating costs to maintaingerature controlled environment

$4-20/Ib. of BSF Larvae
$500/ton of BSF dry meal

Program/Recycling Coordinator, Student Coordinator, (if student labor is used),
Recycler/Hauler (to transport feedstock), Recycler (mix and add feedstock, maintain BS
aug

larvae, castings, and liquid effluent), farm staff (to apply castisgeoculat)

BSFL ($30$50 for ~1,000), feedstock, newspaper or other bedding, containevahitle to
transport feedstock

The BSF has the ability to thrive in the presence of salts, alcohols, ammonia and a varie
food toxins and process swine, human, and poultry waste.

Larvae are selfiarvesting.

Larvae are high in protein and fat content and can be used for feed.

The BSF competes with filtiearing flies and very effectively blocks their proliferation.
BSFs do ndtave functional mouthparts; therefore they do not bite nor feed, and
consequently, are not associated with transmission of disé4ses

High reproduction rate: Female lays 900 eggs and lives 5 to 8 days).

Successful breeding and sustaining asistent population of larvae.

Maintaining temperature range for high productivity.

Larvae are not approved by the FDA for usbvastock feed. ***

Black soldier fly (BSF), black soldier fly larvae (BSFL), pupae, adult, digesienbbirsoldier
grubs, insects, feed, feedstock, collectioins/jars, leachate, castings

ESR International LC

BlackSoldier Fly Blog
Black Soldier Fly Farming Website

White Oak Pasture@&A),Enviroflight, LLEOH)

*http://www.thebiopod.com/pages/biopodplus.html ,**Dilone, Habbab, Yanikara, et al., 2014,

*** http://entomologytoday.org/2015/05/26/blacksoldierflies-asrecyclersof-wasteand-possiblelivestockfeed/
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http://www.clemson.edu/sustainableag/soldierfly.html
https://clemsonbiofuels.wordpress.com/2012/05/03/black-soldier-fly-digesters-converting-food-wastes-into-feed-fuel-and-fertilizer/
http://forensicentomology.tamu.edu/about.html
http://forensicentomology.tamu.edu/about.html
http://forensicentomology.tamu.edu/pubs.html
http://www.esrint.com/
http://www.phoenixworm.com/collections/shop-phoenix-worms
http://www.northwestredworms.com/Pages/Blacksoldierfly.aspx
http://www.thebiopod.com/
http://www.thebiopod.com/pages/pages/protapod.html
http://blacksoldierflyblog.com/forum/viewtopic.php?f=16&t=492
http://blacksoldierflyblog.com/forum/viewtopic.php?f=16&t=492
http://www.redwormcomposting.com/the-share-board/vermimans-diy-bsfl-bin/
http://vermicomposters.ning.com/profiles/blogs/my-black-soldier-fly-bin?xg_source=activity
http://www.sustainhawaii.org/blog/doityourself/lets-build-a-black-soldier-fly-larvae-station/
http://www.sustainhawaii.org/blog/doityourself/lets-build-a-black-soldier-fly-larvae-station/
http://www.esrint.com/pages/bioconversion.html
http://blacksoldierflyblog.com/
http://www.blacksoldierflyfarming.com/
http://www.southernsare.org/News-and-Media/Press-Releases/Turning-the-Black-Soldier-Fly-into-a-Value-Added-Tool
http://www.enviroflight.net/
http://www.thebiopod.com/pages/biopod-plus.html
http://entomologytoday.org/2015/05/26/black-soldier-flies-as-recyclers-of-waste-and-possible-livestock-feed/

Similar to vermicomposting, black soldier fly
larvae (BSFL) composting works by feeding
organic wastes to larvae that eat and digest the
feedstock resulting in castings and liquid
effluent and mature grubs for harvesy.
Depending on the temperature range and living
conditions, BSFL consumes feedstock that is
high in nitrogen (Savonen, 2005) at an average
of 3 Ibs. per square foot of feeding area per day.
In thesummer , it takes about two weeks for
newly hatched larae to reachmaturity, but
during colder months, this period may extend
to six months Bio-Conversion of Putrescent
Waste 2008). What sets BSFL composting
apart from vermicompost is that the larvae can
digest a wider variety of feedstocks and
reproduction occurs outside of the bin. The
larvae spend the majority of their lifetime
feeding and storing fat, protein, and calcium
requiredto morph into pupaeandadults

(Dilone, Habbab, Yanika&,Jesus20142).

Once ready to pupate, the grubs will self
harvest by inching up a ramp and then dropping
out of the bin. At this point, the grubs can be
further processed for use as feed, or even
extracted for conversion into biofuel. The
castings and liquid effluent that result from
BSFL can be used as fertiliaeadded as
feedstock for vermicomposting systems.

BSFL composting can and does occur alongside
other composting methods. Similar to
vermicomposting, pre&omposted materials can
be added to a BSFL compost bin to ensure
consistency in the processing feedstock.

Also, due to the sma#icale capacity of current
bins on the market, schools may want to
explore other largescale traditional composting
methods such as imessel, aerated static pile,

or windrow style, while using BSFL composting
to enharce organics recovery efforts and
support other agricultural or horticultural
activities.

Largescale BSFL composting is possible though
the technology to process large amounts of
feedstock has not yet expanded in the U.S.
According to research conducted at Clemson

University, scale ups have many obstacles such
as varying O2 and CO2 levelsotighout the

depth of digesters, temperature sensitivity,
harvesting, and moisture accumulation.
Currently, there are no largscale university
examples of BSFL composting beyond pilot and
research projects nationwide.

When composting with BSFL, firgsignate a
temperature controlled space where the larvae
can be housed. Space requirements can be
determined by first calculating the anticipated
feedstock weight, then the size of the bin to
accommodate this volume with additional
surrounding space to mauver around each
bin. Whether prefabricated or selimade, the
interior of each bin must include an evacuation
ramp for larvae to selharvest into a separate
container. An added complexity to BSFL
composting involves black fly breeding outside
of the bin so that a consistent larvae supply is
present to consume the feedstock. This
requires a closed space that is near the larvae
compost bin. Instructions for creating a
breeding space vary, but some essential
conditions include a light source, an artidilcor
real plant as a setting for the male and female
flies to breed, and a small space for the female
to lay her eggs. Female soldier flies typically lay
eggs on the surface ekposednitrogenrich
feedstock (Savonen, 2005). Depending on the
setup, egg laying can occur inside or outside of
the BSFL compost bin.

To determine the space needed for composting,
estimate the weight of inputs (feedstock) to
process on a weekly basis. Bagm this initial
estimate, figure out how many BSFL composting
dzyAta GKFGQa ySSRSR (2
feed load. An existing space to shelter BSFL
while maintaining a consistent temperature

year round is required. This space should have
electricd hookups to power the lighting when it

is time for breeding or any necessary heating
units/pads. Prdabricated bins can range in

size from roughly 2 cu. ft. each and can

handle food scrap loads from&L Ibs. per day.
Additionally, when calculatindné space
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requirements, include measurements for extra
space for maneuvering around the digesters.

The stakeholders that should be involved in
organics recovery vary depending on the
organizational structure of a school and
continual demonstrated suppbfrom key
departments. Since BSFL composting is often
used to enhance other composting methods,
recruit a staff/faculty member that participates
in research on entomology or organics recovery
methods. This person may have a research
interest or knowlede of BSFL composting and
thereby could be vested and committed to
managing this program. Among key
administrative decisiomakers, learn where

the support and commitment for the capital
and operational funding of a BSFL composting
program exists. Otheavles and departments to
consider involving are recycling/waste
reduction, dining services, physical
plant/grounds crew, cooperative extension,
agricultural studies, or engineering programs.
With the identification of a common interest
and commitment to BFL composting at the
staff/faculty level, BSFL composting could then
be incorporated into student projects and
coursework for the purpose of creating learning
opportunities.

To determine cosestimates for the
appropriate facility/equipment sizing, i
critical to estimate the volume that will be fed
to the larvae during a specific period of time
(Governo& Faucette, 2005). Other operating
costs includes the training and payment of staff
to (1) ensure feedstock is transported, mixed,
and fed to theadrvae; (2) monitor and maintain
the facility; and (3) harvest and apply and/or
distribute the mature grubs, castings, liquid
effluent, and the cost for heating/ventilating
the facility.

While determining costs are an important
consideration, equally sis taking into account
the savings and other positive impacts that
results with BSFL composting at your school.
Whether on or off-site organics recovery, the

savings from the diversion of organic waste that
would otherwise enter the landfill
demonstratessubstantial progress in
overarching waste reduction goals. To figure a
rough estimate of financial savings based on
your current landfill fees, rates, and amount of
food waste diverted, calculate the average
monthly weight of the food waste that is
expectd to be recovered, then project out one
@Sl NDa
calculating the amount of grubs, castings, and
liquid effluent that will be produced, an idea of
the cost savings is calculated by comparing this
to the purchase price fdertilizer that would
otherwise be incurred. Unlike vermicompost,
BSFL composting outputs are comprised more
of weight of mature larvae and less of castings
that can be applied as soil amendment. If there
iS more interest in demonstrating savings
througha higher output of finished compost,
rather than mature larvae, consider a more
traditional largerscale composting method.

While considering BSFL composting, think about
both internal and external funding

opportunities, including the leveraging of

exising programs and volunteer labor. Based

on the cost savings, learn where the capital
start-up costs and continued operating costs

can be drawn from. With the smaltale nature

of BSFL composting, consider starting small. For
initial research purpose$ind a program on
campus that could fund the incorporation of
BSFL composting into coursework for
experimental purposes. If after

experimentation BSFL composting has proven
G2 oS
recovery program, conduct a fehsity study

for expansion. Identify other existing operating
budgets could be leveraged to devote toward a
portion of staff/faculty salary and the
space/electricity to house BSFL. If the feasibility
study projects BSFL composting to be an option,
look irto a fundingsource for expansion.
GDNBSy CSSé¢ 3INI vyl
sustainability funds could go toward the
investment of a larger scale facility. While
identifying the funding for such a program is
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from the appropriate administrators that the effluent, castings) are utilized to enhance
composting facility is maintained and the end agricultural efforts that already exist.

Clemson Universitglemson, SC
Enrollment size category: 20,000 and above

Since 2012, Black Soldier Fly Larvae (BSFL) research has been conducted at Clemson University thrfmugh a two

semesters long Creative Inquiry course. During this time, #eased investigationsn BSFL digestion for use as biofue
are led by faculty mentors in partnership with the Clemson Biosystems Engineering Program, the Student Organic
FYR /fSYaz2yQa CIFOAtAGASE FYR alAydaSyl yOS 5 SihghallEandy

research facilities are placed into the system where the BSFL digest and convert the waste into resources like ani
feed, compost, and oil for biodiesel fuel production.

BSFL experts from Clemson have been featured in BSFL compostispaepsrand have also partnered with local
organizations such as the Carolina Farm Stewardship Association and locaBfaRhdligestion is a promising
technology utilizing biomimicry to transform organic wastes into value added products. While the leghhas proven
effective at the pilot scale certain limitations exist in digester scgleesign inhibiting widespread commercial adoptic
of the technology.
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Compost Tea

Types Aerated and Nonaerated

Subtypes Commercially purchasgdpeciakquipment) or homemade

Land/Space Requirements This will depend upon the unit you buy or use. Compost tea units requires very little spe

Type of Feedstock Precompost from another source

Anywhere between 1:3 t¢:200 parts compost tavater

Guilford College
Furman University

Kentucky State University

Mixing Ratios
Notable Colleges/Universities

Technology Providers Soil SoupGarden Tea CoKeep it Simple, IngGrowing Solutions Ing Compost Werks!

Available Products Storch's Original Vortex Brewd&seo Tea Compost Tea Breweto n Grow Brew Compost

Tea Brewing SystemiealLab Compost Tea Brewer

Cost Considerations Compost (if needed), Compost tea vessel (commercially purchased or homemade), pH

leaf shredder, soil thermometer

Roles and Responsibilities Program Coordinator, Student Coordinator (if student labor is used), Recycler/Hauler (tc
transport feedstock), Recycler (mix and add feedstock, maintain worms, harvest casting
grounds/landscaping (apply castings to grounds)

Essential Tools, Equipment, and/or Input Compost tea vessel, strainer, mixing/stirring tools, containers, pH meter ($8 for-$22E

for digital), leaf shredder ($100 and up), soil thermometer

Supplemental Tools, Equipment, and/or  Time, water strainer (example: burlap sack), mixing/stirring tools, containers to transport

Inputs liquidtoLJt | yi Q& f20FGAZ2Y
Benefits Control plant diseases
Inhibit plant pathogens

Adds essential nutrients to plants

Adds extra value to composting

Unreliablecompost tea quality if compost quality is poor

Potential for contamination

Short shelf life

Castings, @mpost, liquid, steep, brew, ferment, fertilizerytmients, mixing, microorganisms

Challenges

Common Terms

Educational Resources Home Composting Made Easompost Tea Production Practices, Microbial Properties, ¢
Plant Disease Suppressio@ompost Tea at The Morris ArboretytdM-Ann Arbor Compost
Feasibility StudyUniversity of MichigafWhy Use Compost Teg2omposfTea: A Guide to

Earth Friendly Soil Conditioning Through Using Composta@ekave Natural Farms

Compost tea is a liquid byroduct derived from
finished composbr castings resultinffom
composting nethodssuch as windrowaerated
static pile, invessel, vermicomposting, and
black soldier fly compostinglhe suggested
industry standard formula for producing
compost tea is 1:1000 part compost to water

(CarpenterBoggs, 2005:61Yhisformulais
used as a guideline to produce compost tea
be used as a plant inoculant in greenhouse
facilities This byroduct is poured oveplants
to control plant diseasesften in the early
stages of growth The liquid contains
microorganisms and microbial metabolites that
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http://www.guilford.edu/about/guilford-sustainability/index.aspx
http://www.furman.edu/sites/sustainability/Pages/default.aspx
http://kysu.edu/academics/cafsss/
https://www.soilsoup.com/
http://www.gardenteacompany.com/compost-tea-brewers-equipment/
http://www.simplici-tea.com/simplici-tea-wp/
http://www.growingsolutions.com/
http://www.compostwerks.com/
http://vortexbrewer.com/
http://www.compostwerks.com/component/virtuemart/geo-tea-compost-tea-brewer-detail?Itemid=80
http://www.flo-n-gro.net/
http://www.flo-n-gro.net/
http://www.thetealab.us/
http://www.homecompostingmadeeasy.com/composttea.html
http://www.soilace.com/pdf/pon2004/5.Scheuerell.pdf
http://www.soilace.com/pdf/pon2004/5.Scheuerell.pdf
http://www.upenn.edu/sustainability/sites/default/files/Compost%20Tea.pdf
http://www.recycle.umich.edu/grounds/recycle/PDF/UMCompostFeasibilityStudyFinalReport.pdf
http://www.recycle.umich.edu/grounds/recycle/PDF/UMCompostFeasibilityStudyFinalReport.pdf
http://extension.oregonstate.edu/douglas/sites/default/files/documents/hort/WhyUseCompostTea.pdf
http://bertrandfarm.org/wp-content/uploads/CompostTea.pdf
http://bertrandfarm.org/wp-content/uploads/CompostTea.pdf
http://lahavenaturalfarms.com/compost-tea/

inhibit plant pathogens, trigger plant growth,
and give added nutrient&CarpenterBoggs,

2005; Arancon, Clive, Dick, & Di2R07). In
order to make compost tea, finished compost is
steSLISR FyR (KS
ferment; this brewing/fermentation is a

defining characteristic of compost tea. The
length of time required for brewing the

compost tea depends on which composting
method (aerated or nonaerated) is used. For
aerated compost tea (most common),
fermenting process takes approximateh?21

days. For nonaerated, this process can take
anywhere between 5 days to 3 weeks (Schurell,
2003; Grubinger, 2005; Arancehal., 2007).
Equipment used to brew compost tea can be
purchase assembled from composting supply
companies (CarpentdBoggs, 2005) or as a-do
it-yourself project using a plastic tub (vessel),
compost, and water (Schurell, 2003; Aranen
al., 2007). Compost tea is not the liquid residual
that leaks from a ampost pile: this is leachate
(Grubinger, 2005).

Even though compost tea has been beneficial
for some, others question its potential. Studies
onthe advantages of compost tea are
inconclusive because every compost is
different, with a diverse range of éelstocks

and variables. If the compost used to make the
liquid by-product was poor, then the compost
tea will most likely reflect the quality of the
compost (CarpenteBoggs, 2005). However,
when brewed correctly, compost tea contains
billions of benefi@l organisms; one application
does the work of many applications of regular
compost. The result is savings of money and

labor and efficiency of getting beneficial
organisms into the soil and roots more quickly.
Compost tea can also be applied directlyttie
leaves and flowers of plants. In order to

f Alj dZA R A denhaficé ghdrakimize 2he IdedefitSob compd K

tea, do the following:

use quality compost

add fermented nutrients

giving the process adequate time
control the temperature

provide oxygen flow (if aerated)
checkimg the pH level

use proper equipment

control the rates of application all
enhances the product (Schurell, 2003)

= =4 4 —a A

= =9

As with other composting methods, learn best
practices of compost tea by talking to current
users and adopting/borrowing methods
(CarpenterBoggs, 2005).

Guilford and Furman College, two notable
schools in the southeast region, create their
compost tea fom finished compost. Furman
makes compost tea from compost made
through invessel, vermicomposting, and bin
system methods. Once the product is
complete, the tea is used on crops at the
campus garden and farm. Guilford College also
makes compost tea fra compost made

through invessel, vermicomposting, and
GAYRNRg atieftS YSGK2Rao®
compost tea is made by aerating a mix of
compost and water with a GeoTea system in a
250-gallon container. The finished product is
utilized as a fertilizearound the campus

grounds and campus farm.
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In-Vessel Composting

Types
Subtypes

Land/Space Requirements

Type of Feedstock

Feedstock Capacity

Notable Colleges/Universities

Technology Providers

Available Products

Cost Considerations
Roles/Responsibilities

Essential Tools/Equipment/Inputs

Suuplemental Tools/Equipment/Inputs

Benefits
Challenges

Common Terms

Educational Resources

Enclosed aerated static piles, agitated bed vessels, rotating drums

Continuous, batch, aeratednaerobic

Container space requirements can depend upon the size-wéssel unit

Soil, "bedding" (shredded paper, cardboard, woodchips, etc.), water, food waste waatd,
manure, animal mortality

Feedstocks amount will depend upon the capacity of theessel unit

Guilford College

Clemson University

Furman University

Warren Wilson College

Davidson College

X-ACT Environnental Products and Technologies CorporatjdSSEngineered Compost
SystemsBDP Industrig€Green Mountain Techologies BIOMRF TechnologieBactee Systems
Nath Sustainable SolutionBW Organics

X-ACT System's Rotatinguth, EarthTubThe Rocket

Vessel unit, carbon source, maintenance fees, labor fees, pH meter, water.

Program Coordinator, Studefoordinator (if student labor is used), Recycler/Hauler (to
transport feedstock), Recycler (turn and add feedstock, harvest castings), grounds/landsc
(apply castings to grounds)

Vessel unit, carbon source, time, wdodncrete blocks/enclosed material (if making
homemade invessel unit), labor.

Hand tools for manual turning (if unit does not turn), moisture detectors, miscellaneous
materials (if making homemade-iressel unit).

Requires less space, less labor, relatively simplistic operations, faster composting times, ¢
odors, control pests, control oxygen level, control temperature, control moisture level, idea
numerous number of feedstocks, works well fottbemall and large scale schools, can be us
with other types of methods, easiest way to get started, no short of options to consider
Capital costs, maintenance costs, complex units may require skill to operate, food waste
diversion is confing to invessel capacity, unit can break/cause problems

Auger, @aclosed aerated static piles, agitated bed vessels, rotating drums, continuous, bat:
aerated, aerobic, anaerobic, bin, tumbler, rolling drums, turner

Guide to Selecting an-vessel Composting Systelhe Science Behind-Wessel Composting

In-vessel composting is a common form of an enclosedsystem which is generally intended
composting because it can be used where on to isolate the organic waste to control oxygen,
site space is limited. This method of composting  temperature and moisture level (Coofand,
requires less labor, has relatively simplistic 2002 Platt et al.,2014b) The amount of waste,
operations, can reach deed temperatures space/location, processing, carbon source, and

faster, moves more compost, is a fast producing time allotted for compost should be considered
compost, and is able to control odors (Sherman,  when making aecision upon what is best for

1999 Gaskin, 2003Platt, McSweeney, & Davis, @2dzNJ AyaidAadldzi A Bgh@aiz, & SSRa
2014b. Invessel composting is conducted in Feinland2011). Irvessel composting can be
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http://www.guilford.edu/about/guilford-sustainability/index.aspx
http://www.clemson.edu/facilities/energy-awareness/projects/composting.html
http://furmanuniversityfarm.blogspot.com/
http://inside.warren-wilson.edu/~recycle/compost.php
http://www.davidson.edu/student-life/dining-services/sustainability-efforts
http://xactsystemscomposting.com/
http://www.eptcorp.com/
http://www.compostsystems.com/
http://www.compostsystems.com/
http://www.bdpindustries.com/
http://compostingtechnology.com/
http://www.biomrf.com/
http://www.bactee.com/
http://www.natradinghouse.com/about.php?id=1&cat_id=23
http://www.bworganics.com/
http://xactsystemscomposting.com/tag/rotating-drum/
http://xactsystemscomposting.com/tag/rotating-drum/
http://www.natradinghouse.com/list.php?id=34&cid=20&cat_id=25
http://www.cowi-iswm.net/docs/Composting/Guide%20to%20in%20vessel%20composting.pdf
http://www.calrecycle.ca.gov/lea/conference/07conf/presentations/day1/compost101/aslam.ppt

ideal for numerous types of feedstocks and
from various sources from school facilities.
Some other feedstock includes manure, yard
waste, food waste (food scraps), cardboard,
paper, and animal mortalities (Spencer,
2007:.21).

There are three types of imessel composting:
enclosed aerated static piles, agitated bed
vessels, and rotating drums. Enclosed aerated
static piles refers t@eompost that is covered in
an airy fabric that mechanically controls
aeration. This type is neagitated. Agitated
bed vessels are horizontal bays with a mixing
device that continuously agitates the waste. A
rotating drum works by placing compost
materials in a tub/container that automatically
turns or continuously agitates the compost.
Among the three types of #iaessel composting,
the rotating drum produces compost more
quickly. Alongside these types;irssel can
either be a continuous or batch sgsh.
Continuous systems have a continuous flow of
waste, where batch systems do not have any
new feedstocks added (Kingf, al., 2012 Platt

et al., 2014).

One possible barrier of usinguessel
composting is the associated capital costs from
equipmen and costs associated with
maintenance Rlattet al., 2014a). The expected
costs for invessel composting might range $40
$150 per wet ton of waste (Sherman, 1989
Depending upon the desired waste capacity, the
size of the irvessel will vary accomdjly; the

more technical and mechanized thevassel
becomes, the higher the prices (Spencer, 2007).
Smaller schools with limited space should
expect to pay less than larger schools. For
example, Clemson College usev@ssel

methods to compost their860 tons of food

waste a year. The inessel model selected by
Clemson College cost about $45,000. A
consideration in factoring the cost of-uessel
composting is the technology associated with
the invessel operation. The more complex the
technology, te higher the cost for skilled and
experienced labor. This may be a hurdle to
schools that do not have access to this type of
labor.

Determining the space needed for a school is
best calculated by quantifying the anticipated
volume of feedstok to be composted and/or
estimate the volume of the desired finished
product. Depending upon the type of-uressel
utilized, this composting method can be ideal
for both small and large scale operations
(Herbet et al., 2013). Depending upon which
in-ves®l unit is purchased, capacity will be
limited. This may create a challenge for schools
with large anounts of feedstock (Aslam, 2007
To calculate the amount of feedstock, obtain
the weight log of food scraps from campus
dining facilities and/or condua waste audit or
waste characterization study to quantify the
compostable feedstock that could be diverted
through an organics recovery program. If an
on-site composting program is being
considered, check with physical plant, grounds
department, or agricltural program
representatives to discuss the potential
O2yiNROdziA2Y 2F & NR
or other high carbon feedstock. However, due
to the high capital costs of imessel

composting, this method is not suited for
composting produced strily from yard waste
(Sherman, 1999). By learning what organics
recovery already exists, identify opportunities
to piggyback on existing composting efforts.

27

GdNRAYY.



Guilford College, Greensboro, NC
EnrollmentCategory: 1,00@,999

As a part of their recycling program, Guilford College
began composting in 2009. On average, their
composting operation saves around 34,000 Ibs. of
F22R ¢LadsS + &SI N® DdzA £ F
consists of a twestream system where one stream

is used for preconsumer food and the other is for
postconsumer food from their dining facilities
(Meriwhether Godsey Once the food is collected, it

is shipped to a-&cre production garden location.

This negates the necessity for contracting their food
waste outside of the school. In addition to collecting
food waste from dining facilities, composting materials
are collected in college dorms and offices around the
campus.

Photo Courtesy dbuilford College

The stream of copost intended for preconsumer food waste is put into a digester where the food is composted witl
a 24hour time frame. Food waste going into the second stream is collected when students, faculty, and staff put 1
food waste on a conveyer belt. Onae the conveyor belt, kitchen staff sorts food waste into a disposal system that
pulps the waste. After it is has gone through the food pulper, the waste is then put intgalld tube and

transported to an orsite location. Once at the esite locaton, the food waste is put into two imessel containers
(Earth tubs) where an auger mixes the waste. Guilford chose to n@sgel as their method of composting to mitigate
rodent issues. Sawdust, from an-site saw mill operation is mixed within tle-vessel to achieve the correct carbon:
nitrogen ratio. After the irvessel process is complete, the composted material is transported to a locatisitecio be
placed in windrows that complete the composting process. The finished product is usitldeasoil amendment,
compost tea, and/or landscaping onsite.

Guilford has experienced challenges to their operation. One is that their operation is labor intensive. In terms of
amount, they are composting roughly 3,000 Ibs. of food waste ew&ryBeks. Timewise, their operation takes nearly
two years for composting process to be complete. Other challenges reported include permitting issues, threat of
contamination from food pulper digester, and incorporating sustainability and composting educétiaroinrse
curriculum.
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Clemson University, Clemson, SC
Enrollment Category: 20,000 and above

Clemson University employs various methods of
composting which include, vermicomposting, windrow,
black solider flies, and-nessel. Roughly two tons a day

is collected from the various campus locations such as
dining services, leaf and limb, residence halls, and other
buildings and taken to Cherry Crossing Research Center.
The proximity of thi<Center to the campus (roughly one

mile away) contributes to the efficiency of their operation.
Trees, leafs, and limbs from around campus is used to
achieve the correct carbon: nitrogen ratio. On average,
Clemson has 50 students a year that help with this process
through either volunteering (Eereps) or course work/research.

Once, the food waste is composted, the finished product is either sold for $40/yard (screened) or $25/yard (unscre
Income @ined from sales go back into the recycling budget, ranging $48@D0 a year.

Financing for composting came from a Collegiate Recycling Grant, in the amount of $25,000, from the SC DHEC
Solid Waste Reduction and Recycling. This griowedl Clemson to finance half of the expenses necessary for their
organics recovery operation. The size of the unit purchased was constrained by their funding aeid Thel W
Organics IfVessel Composter8ubic yard unit has since been modified bynaggng the drive and adding a car tipper
to it. For Clemson, purchasing arviessel from the beginning was the easiest way to start their composting progran
but they were still faced with a large capital cost. They estimate theiegsel composts atmd 1,000 pounds of food
waste per day. This accounts for roughly doerth of all food waste being composted within thevassel unit. The in
vessel unit is used to start the composting process at the mesophilic stage, reaching temperaturd20t8grees
before it is transferred to an aerated static pile/windrow for final stages. Waste sits in-tresgel unit for 3 days
minimum and 7 days maximum before being transported.

Based on their experiences, Clemson recommends the¢dsel compsting is more ideal for small schools with little
space or schools with larger volumes of feedstock. For both types of scheatssil is an easy way to start
composting. For schools with larger volumes of feedstock, they suggest starting-wésah to mix the waste and then
moving it to another type of composting operation such as, windrow or static aerated piles. Also, they recommenc
newcomers to invessel should always have a Plan B just in case the unit malfunctions or goes down.n @Gksnso
experienced some issues in the past with their motor malfunctioning. If thessel malfunctions, then make sure you
have another option or means to repair the unit. To newcomers it is also good to have a plan to market the mater
campus otto the public so you have options/sources to use the finished product. Lastlgssels units come in all
shapes and sizes so make sure the unit is best suited for schools own needs.
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Vermicomposting

Types

Subtypes

Land/Space Requirements

Type of Feedstock
Feedstock Restrictions

Feedstock Capacity

Notable Colleges/Universities

Technology Providers
Available Products
Cost Considerations

Roles and Responsbilities

Essential Tools, Equipment and/or Inputs

Supplemental Tools, Equipment and/or
Inputs

Benefits

Challenges

Common Terms

Educational Resources

Worm Farms (in Region-Southeasft

Container, FlowT hrough, Windrow

Flowthrough (continuous flow worm bins, flow through reactor, continuous flow digester
continuous flow reactors, vermicomposting reactors, vermicomposting digesters. Windrc
(row, wedge method, migrating windrow)

/2y GFAYySNI aL) OS NBIljdANBYSyia OFy NIy3aSs

Soil, "bedding" (shredded paper, cardboard, woodchips, etc.), water, food waste, plant
waste, manure

No bones, meat, dairy products, anils. Also, large amounts of acidic waste such as citrt
onions, and coffee grounds should be avoided.

Feedstock capacity depends on unit size and worm population as determined by the an
of estimated feedstock. Container unitpzity ranges from 1 Ib. to 800 Ibs. of food waste
input per day.

University of North Carolina at Chapel HNC

Southern lllinois University Carbondale|L

University oflllinois at UrbanaChampaignIL

Clemson University, S€5 S @St 2 LAY I +SN¥AO2YLRAGAY I |
Middlebury College, Y Wermicomposting Program

Dirtmaker, Midwest BieSystemsOrbis Corporation, y Of § WA Y Q& 2 2 NI

Worm FactoryCanO-Worms

Worm Factory ($76$130), CarO-Worms 0300 ($100$145), Worm Wigam ($670g 10-15
Ibs. per day processing capacityicing for larger Sustainable Agricultural Technologies u
($2,200- $45,230)

Program/Recycling Coordinator, Student Coordinéfiostudent labor is used),
Recycler/Hauler (to transport feedstock), Recycler (mix and add feedstock, maintain wc
harvest castings), grounds/landscaping (apply castings to grounds)

Worms ($26$38/Ib.)*, pH neter ($8 for basic to $225 for digital), soil thermometer ($7 for
basic to $287 for digital)

Leaf shredder ($100 and up), commercial paper shredder ($150 and up), thermostated
heating pad ($20 and up)

Nutrient value is higher than compios
Works well if coupled with existing agricultural and timrltural research activities
Can be used as a method to enham@litional composting systems

Required temperature raregof 59¢ 77 degrees-ahrenheit

Certain types of bins and windrow systems require masoging of castings from worms
Applying raw feedstock can create higher moisture levetkaminconsistent final product
Deteriorationof bins and equipment overtime

Contairer, flowrthrough, windrow, eisenia fetida, red wigglers, pocket feeding, surface
feeding, castings, bedding, vermiculture, substrate, digested, undigested, harvest

NC State University Annual Vermiculture Conference

NC StatéJniversity Vermicomposting Workshops

G¢KS 22N) DdzZARSY | +SNX¥AO2YLRalAy 3 DdzA
G2 2NY 1 gl @& 2dzNJ / I FSGSNRAIF C22R { ONI Ll ¢
Cornell Waste Management Institute

dallAy3a FYR !'&Ay3a 22N)V /2YLRailsé

/| KSO1l 6AGK &2dzNJ {GF 6SQ& /22LISNI GABS 9EI
Best Buy Worms (ElGreen Leaf Worm Farm (FKazarie Worm Farm (FOur Vital Earth,
Inc. (FL)GA Wigglers Worm Farm (GBjyonwood Worm Farms (GAjerron Farms (GA)
Happy D Ranch (KYYiple G Worm Farm (KQhurch Hill Worm Farm (M®&S Worm
Farm (NG)Reorganics Worm Farm (N@Jlue Ridge Organics (NCarolina Worm Castings
(SC)The Worm Ladies (S®iggle Farm (SC3ilver Bait (TN)

*http://www.localharvest.org/redwigglerwormsC17476
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http://www.bae.ncsu.edu/topic/vermicomposting/business.html
http://coas.siu.edu/research/university-farms-forest-research/sustainability-center/vermicomposting.html
http://icap.sustainability.illinois.edu/project/vermicompost
https://www.nwf.org/~/media/Campus-Ecology/Files/Case-Studies/Clemson-yearbook-entry-03-04.ashx
http://www.middlebury.edu/newsroom/archive/2004/node/112386
https://www.nwf.org/~/media/Campus-Ecology/Files/Case-Studies/yearbook-entry-03-043.ashx
http://dirtmaker.com/
http://midwestbiosystems.com/
http://www.orbiscorporation.com/
https://unclejimswormfarm.com/
http://naturesfootprint.com/worm-factory-360-manual-preview/
http://www.abundantearth.com/store/canoworms.html
http://www.wormwigwam.com/
http://www.calrecycle.ca.gov/Publications/Detail.aspx?PublicationID=912
https://www.bae.ncsu.edu/topic/vermicomposting/pubs/ag551_cafeteria%20-scraps.pdf
http://cwmi.css.cornell.edu/vermicompost.htm#resources
http://www.hrt.msu.edu/assets/PagePDFs/john-biernbaum/Worm-Composting-Biernbaum-23pgs-Jan2013.pdf
http://www.bestbuyworms.com/
http://www.greenleafwormfarm.com/
http://kazarie.com/
http://ourvitalearth.com/ove/about-us/
http://ourvitalearth.com/ove/about-us/
http://www.gawigglers.com/
http://www.bronwoodwormfarms.com/
http://www.herronfarms.webs.com/
http://www.happydranch.com/articles/Worms_Turned_Disaster_for_Farmers.htm
https://www.kyagr.com/KDAPage.aspx?id=5037
http://www.mssagnet.net/2015/03/23/worms-for-sale/
http://www.wholesalenightcrawlers.com/
http://www.wholesalenightcrawlers.com/
http://www.reorganicswormfarm.com/
http://www.blueridgevermiculture.com/
http://www.carolinawormcastings.com/
http://www.carolinawormcastings.com/
http://www.wormladies.com/
http://wigglefarm.com/
http://www.mtna.com/MemberDetail.aspx?ID=1140
http://www.localharvest.org/red-wiggler-worms-C17476

Worm composting works by creating an
environment for various organisms to break
down organic matter (Dabbs, 2009.
Vermicomposting refers to the process of
managing earthworms to eat and digest
FTSSRal201a GKIG NBadz
can be used as a soil amendment and plant
fertilizer. While traditional compost reaches
upwards of 160 degrees Fahrenheit during the
thermophilic phase of processing,
vermicompost is created as a mesophilic
process, thriving in a temperature range of59
77 degrees Fahrenheit (Dabbs, 2()9 As a
soilamendment, the high level of organic
matter ensures a high water capacity and slow
release of nutrientsThese ardetter suited for
plant uptakewhich, reducespotential nutrient
loss compared to the use of commercial
fertilizer (@verno &Faucette, 200%18).

Vermicomposting is best set up close to where
organic materials are generated or delivered.
These composting sites includassrooms,
offices, colleges, hospitals, and other
institutions Vermicomposting systems can
include windrows, batch systemgorm bins of
various sizes, wedge systems and flow
through/ continuous flow digesters (Sitton,
201061). At educational institutions such as
colleges and universities, vermicomposting can
be coupled with other composting methods.
Raw feedstock from the kiten can be
processed through a food pulper, or simply
mixed and shredded prior to feeding to the
worms. Though not necessary, the pre
composting of raw feedstock through
traditional composting methods (static pile,
windrow, invessel, etc.) can also aidakt
digestion process of the worms. With proper
upkeep, the worm bin should not emit any
odors or attract pests (Sherman, 2012: 2).

The primary vermicomposting material or piece
of equipment is a place for the worms to call
GK2YSodé LT
the rows in an enclosed structure within a
temperature controlled environment.
Container and/or flonthrough method need

assembly and installed in an enclosed area. For
lower-cost smaliscale vermicomposting, a
container could be construet from scratch if a
school has a group of capable
workers/volunteers, a plan, and even found or

doyated maeNals mallke &f fildsye, Ltreated K A O K

wood, or metal Platt et al, 2014). There are a
variety of design possibilitiesandsimply

3223fAy3a AaBSNX¥AO2YLR A
dzy SI NI K& Ylyeé SEIYLXS
NRdziS A& Y2NB @&2dzNJ 40

resource for birconstruction plans and howo
publications is through statewide extension
service providers ofhd-grant institutions.

While constructing a unit Hhouse is an option,
composting bins of all shapes and sizes are
available through commercial and retail outlets.

2 X0KAY GKS oAya:z
which to eat, sleep, defecate, and reproduda
other words, the same essentials are needed
for a population of thousands (maybe millions)
of worms to efficiently and healthily digest the
potentially hundreds of pounds of feedstock per
day. Among different sized systems,-ddl2-

inch layer of éed is spread along the top of the
worms. Once this layer is consumed and the
worms have migrated upward, the castings
(excrement) are harvested from the bottom of
the bin (Sitton, 2010). Given the nature of
worms to migrate vertically upward as they eat,
stackable bins are commercially available for
smaller spaces. These, too, are often suitable
from sources that contribute smaller amounts
of feedstock such as residence halls or office
buildings.

Once all the proper accommodations are
built/installed and ready, the last of the

materials to purchase are the worms. The most
O02YY2y @g2N)¥ QOFNASGE Aa
which can be purchased from worm growers
(Sherman, 2012). Through an online search,
worms are available for purchase in the range

& bsying,NaBage @ S Navf $203BNDLIf you are unsure about

purchasing worms for composting online you
can also check with local sources such as bait
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shops, garden suppliers, or worm farms in your
area.

Vermicomposting works well alongside other
composting methods especially as a deral
scale accompanying method to other
composting that is occurring esite. For
example, the University of Louisville maintains a
population of red wiggler manure worms for
creating vermicompost, which is harvested
periodically to donate to community plarers

and for use at university gardens. Residing in a
donated area inside the physical plant garage
on-campus, the worms receive composted
feedstock from nearby readapted-iressel

units. The worms live and work in modified
blue plastic barrels that werdonated to the
project from a nearby distillery.

Efficiently processing largguantities of
feedstockrequires space in a temperature
controlled environment and worm bins capable
of handling large amounts of feedstock. Large
worm bins can be purchased online or at some
garden centers. For example, the largest
vermicomposting unit for sale through
Sustainale Agricultural Technologies, Inc. is a
pQ E dhoo@h Won2hin that can handle
between 608900 Ibs. of feedstock per day and
produce a range of 2,772,158 Ibs. of output
per week that could be stored and applied as
soil amendment on campus grousd Two
notable largescale school vermicomposting
programs are located in lllinois; one at the
University of lllinois at Urbar@hampaign and
the other at Southern lllinois University
Carbondale.

To determine how much space is needed for
vermicomposing, estimate the following:

Weight of inputs (feedstock) to process on a
weekly basis and/or the weight of outputs
(vermicompost) desired. Based on these initial
rough estimates and the dimensions of the
vermicomposting unit that suits the composting
program (giving space on all sides of the unit for
movement), space capacity also needs to be
designated to shelter worms while maintaining

a consistent temperature year round. The
potential space should have electrical hookups
to power the components of &
vermicomposting unit and any necessary
heating units/pads.

The success of any composting program hinges
on a committed and dedicated staff member
that has the knowledge and ability to manage
the facility. Important too is the support and
commitment br continuous funding from the

Ay aiAiddziaz2y aker¥foraaiz NJ RSOA &aA

vermicomposting program. For smadlale
composting, training and equipping @ampus,
departments, offices, or residence halls with the
tools and knowledge to vermicompost is vital
0KS LINP3INFYQa &4dz00Saaod
vermicomposting is reliant on partnership
opportunities among departments such as
recycling/waste reduction, dining services,
physical plant/grounds crews, cooperative
extension, agriculture, or even external
communty groups to contribute to the
vermicomposting process from start to finish.
Having a committee formed of necessary school
representatives that meets regularly with the
composting manager ensures cooperation
among facilities, departments, and
management.

To determine cosestimates for the
appropriate facility/equipment sizing, it is
critical to estimate the volume that will be fed
to the worms duringhetime period (Governo &
Faucette, 200318). To estimate sizing, roughly
one square foot of worm birsineeded for each
pound of food waste produced per week
(Sherman, 1997: 2). Other operating costs
include the training and payment of staff to
ensure feedstock is transported, mixed, and fed
to the worms, to monitor and maintain the
facility, then harvesand apply and/or

distribute the worm castings and energy costs
associated with heating/ventilating the facility.

Students at Macalester College, a small liberal
arts school in Saint Paul, MN, studied the
feasibility of a small scale vermicomposting
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system, estimated the costs and made fertilizer or in compost tea (Dabbs, 2009).
recommendations for implementation (Brown, Compost teas, in particular, have been used
FlowersShanklinandMerrill, 2010). These extensively by organic gardeners and farmers to
Senior Seminar Course students found that fora  promote plant growth by application to soils as
basic small worm bin system, the costs (in 2010  drenches ad to suppress plant diseases by soil

dollars) were estimated to rangedim $21% or foliar spraygEdwards, Arancon, Emerson, &

$321 for 45 units with %2 Ib. of worms per 35 Pulliam, 2007).

gallon retrofitted bin. Other costs included in

this range were the price of wood to construct Nearly all colleges/universities find funding any

bin-stands. new project or program is a challenge. Funding
possibilities for composting programs might

While determining costs are an important come from boh internal and external

consideration, equally so is taking into account opportunities, including the leveraging of

the savings and other positive impacts that will existing programs and volunteer labdBy

result by vermicomposting at an institution. figuring thecost savingdactor this into overall

Whether an onor off-site organics recovery, budget that will be recouped from the initial

the savings from the diversion of organic waste capital startup costsand continued operating

that would otherwise enter the landfill costs With a tight budget, consider starting

demonstrates substantial progss in waste small, then expand efforts as success and

reduction goals and cost savings. To figure a progress is experienced. If smsdlale in

rough estimate of financial savings based on nature, it might make sense to fund the initial

current local landfill fees, rates and amount of purchase of materials then rely on student

food waste diverted, calculate the total workers/volunteers to feed, theharvest, the

FSSRaGt201 RAGSNISR (KSyvelndk@PBO Ii largsdale, sty ane S| N a

worth of saving. programs, other local incentives, or foundations
could be sources for investment in organics

Additionally, by calculating the amount of NBEO2 JSNE @ I a0K22f Qad GaDNB

finished vermicompost that will be produced, sustainability funds could go toward the

cost savings can be calculated by comparing to investment of a largescale facility. Other

the purchase price of compost that would existing operating budgets could be leveraged

otherwise be incurred. Worm compost can be to devote toward a portion of staff/faculty

used straight from the worm hior stored for salary and the space/electricity to house a

later use as a soil amendment, a stoslease vermicomposting facility.
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Southern lllinois UniversityCarbondaleCarbondalelLl
Enrollment Size Category: 15,G020,000

Another largescale example of vermicomposting is at Southern Illinois Univey§igrbondale where a larggeale
Vermicomposting Center was constructed in a 4,962 square foot pole barn. After 2 1/2 ypasgeof planning, the
Residence Hall Dining began diverting its pulped waste to the Vermicomposting Center. Ten tons of vermicompos
produced in that initial year (2004).

The vermicomposting project is financed with a $150,000 grant from the IlDepsrtment of Commerce and Economi
Opportunity Bureau of Energy and Recycling's Recycling Expansion and Modernization Program, and other fundi
sources such as the local Health Department and the State Department of Agriculture. University partriespfoject
included the Office of the Provost, Plant and Service Operations, College of Agricultural Sciences and the College
Engineering's Department of Mining and Mineral Resources Engineering and Department of Civil and Entdtonmer
Engineering (Resbery, 2004

While research is conducted on vermicompost applications, the recycling of food waste and energy efficiency are
important factors (Rosenbery, 20p4During the first three years of operation, the Vermicomposting Center used ab
3 milion red wiggler worms to dispose of more than 170,000 pounds of food waste per year from the University's t
residence hall cafeterias. Not only does this composting method divert the waste from landfills, results include res
opportunities for fazulty and students and valuable fertilizer for the university grounds keeping (Crosby, 2007).
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University of lllinois at UrbamgChampaignChampaign, IL

Enrollment size category: 20,000 and above

Since its inception in 2009, the Sustainable Student Farm (SSF) f
at the University of lllinois at Urban@hampaign (UIUC) has
provided food for campus dining facilities using sustainable
farming methods. The SSF needed a greenhouse to grow plants|
anda method of fertilizer production. In 2012, a pilot
vermicomposting project was planned to close the loop
between the SSF and one of the six dining facilities on campus.
The project was launched with a team formed by Dining Serviceq
the College of Agriculture, Consumer, and Environmental ServicH
(ACES), Facilities and Services, the Urbana Landscape Recyclin
Center, the College of Business, and the Department of Crop 4
{OASyOSaod ¢KS AYAGAIGAOBSSES NB
Vermi/ 2 YL alGAy3d adzZ GAdzaS DNBSYK
from both internal and external funding sources: a $65,222 grant
from the Student Sustainability Committee (SSC), $8,565 from
the Office of Public Engagement, and $1,000 from a private
source Ngu, 2014). (SSC manages funds collected from
studentapproved fees for campus sustainability projects.) By
2013, the construction of a 30 ft. by 48 ft. automated controlled

climate greenhouse was complete and ready to house a
vermicompost program. PhotoCredit: Professor Bruce

e NI
TAy

The vermicompost program began inside the greenhouse with the purchase of 80 Ibs. of Red Wiggler Worms (80
worms) and the purchase and assembly of a 5 ft. by 16 ft. composting arsteel framed bin that is set up off the
ground. The process involves placing a thin layer of pegzconsumerfood waste as a "green material”, and then
placing a layer of dried leaves on top as a "brown material". The SSFgetssumer, plant basefibod waste from
one dining hall two to three tes (about 20250 Ibs.) per week.The SSF receives leaves from the landscaping servi
on campus.

In 2015, the SSF used the compost in a potting mix, which worked well in terms of fertility. However, because the
LINE OSaa RAR y2i( hdse $he inix doriainédéa lofo uvidelirédimeltds, tomatoes and peppers. Sif
the compost is required in this applicationK S 02Y L2 ad KIF& | faz2 o0SSy dzaSR I &
its perennial crops.

In order to prevent seeds fro sprouting, an alternative method could be premposting the food waste before feeding
it to the worms. This would reduce a number of the issues with consistency and prevent the germination of leftove
seeds. In relation to size and scale of operatiotise high amount of manual labor makes vermicomposting more
conducive to a smaller scale agb that supplements farming programs, such as the program at UIUC.
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http://icap.sustainability.illinois.edu/project-update/sustainable-student-farm-vermicomposting-project-i-compost-evaluation

Windrow Composting

Types
Subtypes
Land/Space Requirements

Type of Feedstock

Feedstock Capacity

Notable Colleges/Universities

Technology Providers
Available Products

Cost Considerations

Roles and Responsibilities

Essential Tools, Equipment, and/or
Inputs

Supplemental Tools, Equipment,
and/or Inputs

Benefits

Challenges

Common Terms

Educational Resources

*Platt et al., 204b

Static and Managed

Passively Aerated, Turned Windrow, Aerated Static Pile, Agitated Channel, Mass Bedding
Augertype, Elevating face, Straddle type,

I 6AYRNBg O2dAZ R 6S 7TQ E mMnQ 6tAfS KSAIKG
SeeTurned Windrow Composting: Sizing Your Compostindd?adrecommended resource
guide for sizing windrow operations.

Soil, "bedding" (shredded paper, cardboard, woodchips, etc.), water, food waste, plant wa:
manure, animal mortality.

SeeTurned Windrow Composting: Sizing Your Compostindd?adrecommended resource
guide for amount of feedstock for a windrow composting operation.

BereaCollege
University of TennesseeKnoxville

University of Georgia
Clemson University

Farmer Automatic of America Indurnand ScreenVermeer SCARAB ERE)Brown Bear
Corporation Apollo EquipmentUnlimited Resources CorporatipBarthSaver Equipment
Bobcat

Compost CatMighty Mike{ / ! w! . a2 REETEH0)¢efneer CT 622010TX200-500
Hyrdostatic TractqrBobkcat Loader Attachments,

Labor, Turner, Meters, Carbon Source, Loader, Screener, Equipment to haul compost to
windrow location.

Program Coordinator, Student Coordinator (if student labor is usget)ycler/Hauler (to
transport feedstock), Recycler (turn and add feedstock and harvest finished compost),
grounds/landscaping (to apply compost to grounds)

Turner (or tractor), Loader, Screen, Compost Thermomgtdrmeter, time, Water, Carbon
Source.

Hand tools for manual turning, Wood chippers, Oxygen meters, Moisture detectors, PVC
wanting to make a homemade aerated system)

Multiple feedstocks, Relatively low capital, operating costs, low technology requirements
(depending upon your operation size)* No electricity needed,

Welksuited to small feedstock quantities, Can provide thorough mixing of food waste residi
Wide seéction of windrow turning equipment available

Require more land/space (compared to other methods), Labor intensive, Difficult to control
odors, Wet and Cold weather exposure casate problems with the composRequires high
operationalcontrol, Slow decomposition rate/long process times

Piles, Curing, Static, Managed, Unagitated, Passively Aerated, Blowers (Fans), Turner, Gt
Loaders, Screens, Auger, Straddle,

A Compost Turner Suited To YowComposters / 2 Ny St £ Q& 5SLJI NI YSy
Environmental Engineering and Waste Managemestitute), Turned Windrow Composting:
Sizing Your Composting P&sy Breezwindrow Compost Aeration: EcoCity Farms Video
State ofComposting in the US: What, Why, Where & How

Windrows are the most common form of 20148). This method is optimal for people and
composting nationally due to their low organizations, such as households, schools,
operation costs and ability to compost a wide farms, municipalities, and private entities
range of materials (Vermed&danufacturing (Pennsylvania State University [Penn State],
Company 2008; Yepsen, 200Bjattet al., 2016). Windrow Style composting
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http://www.anr.state.vt.us/dec/wastediv/compost/documents/ANR%20Sizing%20Your%20Composting%20Pad.pdf
http://www.anr.state.vt.us/dec/wastediv/compost/documents/ANR%20Sizing%20Your%20Composting%20Pad.pdf
https://www.berea.edu/anr/berea-college-farm/
https://www.berea.edu/anr/berea-college-farm/
http://recycle.utk.edu/campus-composting/
http://sustainability.uga.edu/what-were-doing/campus-operations/recycle/#mixed_recyclables
http://www.clemson.edu/facilities/energy-awareness/projects/composting.html
http://farmerautomatic.com/
http://turnandscreen.com/
http://www2.vermeer.com/vermeer/NA/en/N/
http://www.scarabmfg.com/
http://www.terex.com/environmental-equipment/en/products/eco-range/windrow-turners-range/index.htm
http://www.brownbearcorp.com/environmental_composting.html
http://www.brownbearcorp.com/environmental_composting.html
http://www.apolloequipment.net/equipment-for-sale/compost-turners
http://www.urcrecycle.com/category/compost-turners/
http://www.urcrecycle.com/category/compost-turners/
http://www.bobcat.com/attachments/angle-broom/features
http://farmerautomatic.com/farmingsystems/composters/compost_cat.php
http://www.frontierindustrial.net/mighty-mike-windrow-turner.php
http://www.scarabmfg.com/products/
http://www.scarabmfg.com/products/
http://www2.vermeer.com/vermeer/NA/en/N/equipment/compost_turners;jsessionid=2B7E130E8962C4A4599F38C3E084EF4D
http://www.brownbearcorp.com/products.html
http://www.brownbearcorp.com/products.html
http://www.bobcat.com/attachments/search-attachments?facetSelections=compatibleCarriers.compactNACompactTrackLoaders
http://cwmi.css.cornell.edu/acompostturner.pdf
http://compost.css.cornell.edu/CoCompost.html
http://www.anr.state.vt.us/dec/wastediv/compost/documents/ANR%20Sizing%20Your%20Composting%20Pad.pdf
http://www.anr.state.vt.us/dec/wastediv/compost/documents/ANR%20Sizing%20Your%20Composting%20Pad.pdf
https://www.youtube.com/watch?v=138edVB1bp4
file:///C:/Users/c0peve01/Dropbox/Organics%20Recovery%20Program%20Development%20Tool/Sources/Nationwide_Industry%20Reports/2014_Platt_State%20of%20Composting%20in%20US_ILSR.pdf

implementation begins with placing organic
waste in long, narrow piles, and then allowing it
to complete the active and curing composting
phases. Depending on the scale and size of the
composting facility, piles will vary in width,
height, and length, andan cover the entire
length of a designated composting space. This
method works best on a flat open area,
requiring land that is close enough tioe
feedstock source tkeep hauling costs efficient,
while far enough away from populated area to
mitigate ador disturbances.

Thereare two methods of windrow
composting: static and managé¢Blattet al.,
2014x:12). Static refers to compost that is
unturned or unagitated. If a school operates a
static, passively aerated system, the windrows
might be aeratedhrough natural convection of
air by installing perforated pipes, evenly spaced,
across the width of each windrow. If the
actively aerated method is chosen, powered
fans or blowers are directed at the windrows
while leaving the compost unturned throughiou
the composting process.

A managed windrow, on the other hand, has its
compost turned or agitated on a regular basis.
Depending on the size of the piles and
frequency of turning, the amount of time it
takes to complete the composting process

JI NR Sa o L
compost cures for up to two years before being
applied as a soil amendment, while the

' YADGSNBAGE 27
months before use.
Determining the space needed for a
college/university windrow system is best
calculated byguantifying the anticipated
volume of feedstock to be composted and/or
estimating the volume of the desired finished

product. Given the scalability of this method, it
can be ideal for both small and large scale
operations (VermeeManufacturing Company
2008). To configure the amount of feedstock,
obtain the weight log of food scraps from
campus dining facilities; the dining service
provider should have this information. Another
way to determine feedstock is quantifying the
compostable feedstock that ctdibe diverted
through an organics recovery program,; this can
be accomplished through a waste audit or
waste characterization study.

If an onsite composting program is being
O2yaARSNBRX OKSO]
physical plant, grounds department; o
agricultural program manager to discuss the

LR GSYyGdAlLt O2yGNROodziAz2y 27F |
FYR fAYO0ZE 2N 20KSNJ KAIK O
learning what organics recovery already exists,
you are identifying opportunities to pigdyack

on existing compostg efforts.

hyOS (KS ljdzSadAirzy 27
answered and sit®ptions are identified, the
FLILINBLINKRF GS aAT S F2NJ GKS a
facility can be determined. A recommended

resource guide for sizing windrow operations is

the Vermont Ageng for Natural Resources

5SLI NIYSYld 2F 9yGBANRYYSyGl
publication,Turned Windrow Composting:

gAUK @&2dz

aK29g

. S Nl KY, 2 f £ S S50 dourChbnhdystind Bad This worksheet

template walks readers through detailed sizing
calculations and other considerations to get a

I £ I 0¢8Y I Qa rediicvgaigeiofl whél éadilify size B 8cNdolc

would need to implement an ceaite windrow
composting program. Knowing the capacity
needed is gtical when estimating realistic
capital and operating costs for the facility.

If managed properly, windrow composting can
be ideal for numerous types of feedstocks and
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http://www.anr.state.vt.us/dec/wastediv/compost/documents/ANR%20Sizing%20Your%20Composting%20Pad.pdf
http://www.anr.state.vt.us/dec/wastediv/compost/documents/ANR%20Sizing%20Your%20Composting%20Pad.pdf

from various sources from school facilities. of Georgia in Athens, GA, food scraps (coffee

Other types of feedstock include manungard grounds, fruit peels, etc.) are collected in
waste, food waste (food scraps), and even smaller quantities through a voluntary Office
animal mortalities (Penn State, 2016). Ata Composting Progim sourced from the break
farm owned and operated by the University of rooms of up to 35 offices on campus. Most
Kentucky in Lexington, KY, composting often these raw feedstocks are hauled to
operations take placwith sourced inputs such composting sites located varying distances from
as animal bedding, manure, aguitural campuses, ranging from a quarter mile (Berea)
residues, wood chips, and animal mortalities to five miles (University of Georgia).

(beef, hogs, sheep, horses). At the University

University of TennesselénoxvilleKnoxville, TN
Enrollment Category: 20,000 and above

The University of Tennessgénoxville (UT) began
compostingnformallyin 2001 Overtime, the Recycling
Coordinator partnered with the grounds department and
gathered University support for a more formalized
composting operation. First, they began incrementally
adding other feedstock, starting with coffee grounds
(2005), then as the support for expansiovas

considered, a composting site waentified oncampus

in a locationaway from populated areas. Once the site
was established, a large scale windrow composting
program began operation in 2010. Additional feedstock
was added such as food scrdpsm dining halls, animal
bedding,manure and recently paper towels. nfaverage
of 10,000 Ibs. of food wastnd 14,000 lbs of manure
and beddings collected per week.

With the UT campus located a far distance from the nearessitdfcommerciatompodging facility and with limited
Sate composting program incentives and regulatory frameworksid@ composting just made sense. Funding is
LINRYI NAf& GKNRdAAK 2LISNI GA2y{ idzZB8ZRASE Vi DA BE KB SBkdndzHER A
which has purchased specialized equipment, such as a Bobcat skid steer loader emezt the food and move
materials The composting budget alpaysstudent internswho help by collecting and hauling food waste from a tota
of 25 locations o campus. Other student participation occurs through volunteerism and coursework, such as the

Organic Crop Production Program of the Institute of Agriculture.

There are three general rules for implementing a campus composting operation. First, wilowinomposting in open
spaces, stormwater management and drainage planning is neleefmieconstructing the composting facility. Second,
manage the cosbenefit of the operations by calculating the cost savings of diverting organics from localdahdélin

howthisfitsintoaa OK22f Qa4 2@SNI ff adaAdlIAyroAtAdGe FyR gl adsS o
partnerships are fostered, a school can incrementally make its way toward reaching its composting diversion goal

38































































