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Executive Summary

Introduction

On May 9, 2013, global atmospheric concentrations of carborddi¢®O,) reached 400 parts

per million (ppm). This rise in COevels in the atmosphere—which has been accelerating faster
than ever—is one of the main causes of global warming. Lessgemgists say that 350 ppm is the
safe upper limit for carbon dioxide in our atmosphere.

In Minnesota in 2011 we buried in landfills or burned in inciteesaover three million tons of
municipal solid waste. This is the trash that residemadi, lsusinesses, and institutions generate
every day. When trash is burned, incinerators emit carborddiard nitrous oxide, a
greenhouse gas 310 times more powerful in atmospheric wahamgarbon dioxide. On
average in the U.S., incinerators emit more carbon digedenegawatt-hour than coal fired,
natural-gas fired, or oil- fired power plants (Hartw0?2). But incinerators aren't the only
disposal method contributing to global warming.

When food scraps and paper products break down in a lahéffilpecome powerful
contributors to greenhouse gas emissions, too. They decomposbiaalgi(without oxygen)
in a landfill, producing methane which has 23-71 times grea#t trapping capabilities than
carbon dioxide, making landfills the single largest ditenin source of methane (Platt 2008).
350 ppm of carbon dioxide is where we need to return to asa®pnssible so that we do not
threaten the natural balance that makes life on Earth possithlis report we are making the
connection between advancing zero waste and reducing this threat.

Back on the ground and in our air, pollution from many sources incllainufills and
incinerators, which emit particulates, toxins, and carcinogenisnue to cause diseases which
results in suffering for those directly affected and ia fayseveryone. In 2009, the Minnesota
Pollution Control Agency reported unhealthy air quality from eonser 217 out of 365 days.

Additionally, cities face the challenge of poor soils arddcamitaminated with heavy metals while
residents are ever more interested in growing and buyirndgdods. Hazardous amounts of lead
have been documented in the backyards and communities of secltitieg as New York,
Baltimore, Boston, Chicago, Los Angeles, Philadelphia, Minngagadl others, where residents
are making efforts to grow food.

Prevention and composting, instead of wasting, gets us oldiserthings we all really want and
need—healthy food, abundant resources, clean air and wiat@andaeliable products, and
healthy families and communities. The extent of these bereigs greatly based whether or not
we prevent wasted food ahdwwe choose to compost our food waste.

This report, perhaps the first of its kind, looks at the @/patture: at how prevention—both
preventing food from being wasted in kitchens and preventitgctoh through on-site

backyard composting—along with collection, processing, and erappBcations impact a
community economically, environmentally, and socially. To fullyewstdnd the potential

impacts of these strategies, Eureka Recycling, alongevieral partners, created a framework for
comparative analysis of the economic savings and costs, andrbiemental and social benefits
of each of the choices we make in designing programs to pewkobmpost food wastes. We



call this approach zero-waste composting. By using thisvaste framework, a community,
business, or advocacy group can determine the combinatiort,dfamial, and environmental
benefits that best meets their community’s needs.

Source-separated organics (SSO) refers to food waste arwyclabte papers that have been
separated from the trash. Composting infrastructure fdemnéial SSO in Minnesota and many
other communities around the country is developing and is curirdlgrossroads, similar to
recycling twenty years ago. While many technologies exisafatling food waste, none have
been evaluated from a zero-waste perspective. Zete-a@aposting requires that we prevent
first, and then find or build an appropriate amount of colleciwhprocessing (composting)
capacity to handle the SSO. Zero-waste composting allgsteahe community through the
social benefits like those of neighbors connecting, the econongfitb@f saving money on
groceries and disposal, and the environmental benefits @é@paillution and the creation of the
end product: soil.

What is Zero-Waste Composting?

Zero-waste composting considers the highest and best use for the people, material

and energy at each step in the process. It requires that we make efforts to eat the food we
buy, compost as close to the source as possible, and see ¢malt result of our compost has the
highest benefit for the environment and the community by preggand creating soil, a rapidly
depleting resource that our lives depend on.

Zero-waste composting begins with prevention. Preventiorsisitiis not an afterthought or an
add-on. Food itself is a valuable resource grown in preciows @pd purchased to nourish
ourselves and our families, never with the intention of throwiagietly uneaten. Yet in the midst
of our busy lives, most refrigerator cleanings turn up apleaslimy apple or container of
“mystery leftovers.” The disappointment we feel upon ttssaliery (especially when it is first
noticed by smell) is exactly where zero-waste compdstigigs. Through engaging education
and practical tools that help us shop smarter and storeegadepfood better, more of the food
in our kitchens can nourish people as we intended.

Next, zero-waste composting challenges us to compost unaediolatblscraps, creating soil that
can be used to grow more healthy food, for which there is isicigaemand. By keeping these
nutrient-rich food scraps as close as possible to the comsitiatiroduce them, they can
continue to nourish people as soil amendment for backyards, comantiens, and local farms.

Lastly, after avoiding food waste and doing whatever emraihposting is possible, we must
collect the remaining material. These food scraps, alohgarrecyclable papers (such as paper
towels), need to be collected as effectively and wittilagnvironmental impact as possible.
Zero-waste composting is about healthy soil. This soil, whemeorrectly and yet lovingly

often refer to as dirt, is meant for growing food and heatthyntunities.

Overall, zero-waste composting is responsive to and lsetheficommunity. Everyone’s interest
in composting starts from a different place —one of the ot triple bottom line approach is
its ability to address these interests. For some peaopég; be about saving money on groceries,
supporting a vibrant community garden, or connecting with theghi®rs. For others, it might
be most important to make rich soil to use in their yardggandens, or to create simple habits



that will have a big impact on creating a safer, healtlugd for their families. For others still, it
is a combination of some or all of these. To address theeligeals contained within a
community, zero-waste composting programs and servidesstiguilt as a result of collaborative
efforts that include all of the players. This is how compoististarted, supported and embraced
by communities for the long term.

About Eureka Recycling

Eureka Recycling is the only organization in Minnesota thataes in zero waste. Our
mission commits the organization and its people to demonstizingaste is completely
preventable. The organization's services, programs, anywolk present solutions to the
social, environmental, and health problems caused by was&ad(c)(3) nonprofit organization,
based in the Twin Cities of Saint Paul and MinneapBliseka Recycling'mission is realized by
any person or group that chooses to prevent waste. EurekaiRgsjal/es to provide
opportunities for everyone to experience waste-preventiohaird.

Locally we are well-known as the largest nonprofit recydpegation because Eureka Recycling
has provided curbside and apartment recycling setiaagef a decade, and our trucks are seen
on the streets every workday. However, we are also afdwe communities we serve because
of our education, prevention programs, and zero-waste advocacy.

Eureka Recycling’s programs successfully demonstrai@@atlstbusiness model by proving
that it is absolutely possible to simultaneously creatememeéntal benefits, living-wage jobs, and
a wide variety of community partnerships—all while keepurginances “in the black” and
reinvesting millions of dollars in profit-sharing back intoctmunities we serve. We use a
traditional business model to fund our recycling services thtadjtional business loans and
earned income—nhaving never taken grants or other funds for oalimgcservices that were not
available to any for-profit or nonprofit entity.

These programs generate almost $10 million annually, whiostatntirely goes back into the
programs, services, and communities. Since 2001, EurekaliRg has shared over $5.5 million
in revenue from the sale of recyclable materials with contiesiniVe use the proceeds from our
recycling business, as well as the grants and donationsaweba honored to receive, to spread
the word about the benefits of preventing waste through our cysregtams, education, and
advocacy efforts. We also use these resources to cregegrwns and education that move us
all closer to zero waste—such as this body of work on zete-e@saposting.

By creating demonstrations of zero waste, we learn lesgons, ourselves, and then share with
others about what we know. Many times, we have shared our w@kint Paul in efforts to
support zero-waste efforts beyond. For example, EurekalRerwas the first in the Twin

Cities metro area to offer a revenue share, starting wgtlity of Saint Paul. Others have since
followed Eureka Recycling’s model and now it is commonplatlee metro area for cities to
receive revenue as a standard part of their recycliegtamil and processing contracts. Eureka
Recycling’s studies on multifamily and public space regybtlased in Saint Paul, have been used
nationally. It is in this spirit that we share this repoouédhow Saint Paul can implement zero-
waste composting so that Saint Paul and other communities cdih bene



Project Overview

This project encompasses a comprehensive body of work cedthpjeEureka Recycling from
2010-2013 to determine the best design of a citywide ostimy program for the City of Saint
Paul. Our mission drives us to create a program that hhggttesst benefits for our environment
while considering costs and social impacts such as how pesdpteo compost and how to use
the soil. We looked for solutions to the barriers to prevatiect what we cannot prevent, and
compost large amounts of material collected citywide.

Currently, most household organic waste, or SSO, goes fromtthekito the garbage can and
then to the incinerator or landfill. Composting, instead of wgstias many significant
environmental benefits. Because the extent of these bepptisd$ omowwe choose to
compost and handle food waste, we looked at as many aspectswaste composting as we
could. Options to prevent, recover, and compost this matgabutlined in Figure 1 below.

Figure 1—Options and Pathways for the Prevention & Managesh&wgsidential SSO



The U.S. Environmental Protection Agency’s foo(Figure2—U.S. EPA Food Recovery Hierarc (U.S.
recovery hierarchy for the management of EPA 2013)
residential SSO, see Figure 2, includes additional
preferred uses for food waste: Feed Hungry People

and Feed Animals. Neither of these options is
considered feasible for residentially generated SSO
because of the high paper content and inedible food
scraps. These options are better suited to

commercially generated food waste. Commercial
businesses, such as bakeries, grocery stores, and
industrial food processors commonly work with

local food shelves, shelters, and other nonprofits to
collect edible, unsold food items.

While we studied and considered all of the options

in Figure 1 for this project, this report focuses on the solut@atste viable faritywide
implementation in Saint Paul. Options such as bicycle colemtid composting at community
gardens do not provide for comprehensive citywide acceseweg@gge. Furthermore, this report
does not include all of Eureka Recycling’s findings on prevewtisted food. These findings and
our education campaign tools to help people eat the food thegarulge found at
www.makedirtnotwaste.org

The data for this project comes from Eureka Recyclingisqare studies of and experience in
composting and recycling, and the specific work around zestewamposting that was
completed between 2010 and 2013. During this time, weimlogquestions about preventing
wasted food in our local context and tested education and tcs#sanal Saint Paul
neighborhoods. We conducted a pilot in 1,100 households of one neighbddchstody the
different issues and benefits of several possible wess vlgose to handle our food waste
including prevention, backyard composting, and several collecethods. We examined the
options for processing compost, evaluating how processing methattisaraerobic and
aerobic—fit in as part of a whole composting program thatdeslprevention and collection.

Acknowledgements
Eureka Recycling thanks our research partners who providédlltheing information, data, and
analysis:
Aaron Burman and JD Lindeberg of Resource Recycling SydeR®,(for managing
the research phase of this project and completing the dndfalof this report.
Jeffrey Morris of Sound Resource Management Group (SRMG)rdweiding the life-
cycle analysis for the environmental portion of the tripleobotine analysis.
Ron Alexander of R. Alexander Associates, Inc. (RAA), ferdmalysis of the
development of the composting market surrounding the Twin Gitietso area.
Patti Craddock of Short Eliot Hendrickson Inc. (SEH), for mlong the analysis of the
AD systems.
Dr. Will Brinton, Andrew Sparta, and Chris Allen from Wodgisd Laboratories, Inc.,
for providing the feedstock analysis.
Susan Hubbard of Nothing Left to Waste, for her consultation oneiftevzaste
principles that provide the foundation for this project.



Anne Ludvik of Specialized Environmental Technologies, Inc./Thdcki Store, for
sharing her extensive knowledge of the local composting in@umtryer support in
collecting feedstock samples to be tested.

Marcus Zbinden of Carver County Environmental Services, fomghidue results of their
compost processing pilot.

Eureka Recycling also thanks the many funders, partnersy @adticipants who have supported
various aspects of this work:
The U.S. Department of Energy, for providing funding througlveperative agreement
with the Green Institute. (The Green Institute ceased operati2011 and Eureka
Recycling provided a home for two Green Institute energy r@anog, including the staff
members working on this project.)
The NorthStar Initiative for Sustainable Enterprise at theéJsity of Minnesota’s
Institute on the Environment, for its cooperative agreementdeigie funding from the
Minnesota Pollution Control Agency to study how to prevent wasting.food
Vern Xiong, the Lao Family Center, the Frogtown Neighborhood Assonjand
Sheronda Orridge for helping us develop education and tesaolti@ help people
prevent wasted food.
The High Winds Fund of Macalester College and Director, Tomna&/gfor providing
initial funding for the collection study in the Macalester-Glave neighborhood.
The staff and volunteer board of the Macalester-Groveland @QartyrCouncil, the
Green Institute, and the Metro Clean Energy Resource Teanspftaborating on
outreach and education efforts in the Macalester-Groveland adiglohl
The hundreds of community members in Macalester-Groveland oknegand the East
Side neighborhoods of Saint Paul who prevented and composted fetedwhde testing
our ideas and providing us with invaluable feedback.
Christie Manning, behavioral psychologist and Macalesteg€giefessor, for helping
us better understand people’s attitudes and behaviors aroymostom
The City of Saint Paul, for providing funding for discounted paok composting bins
for any Saint Paul resident. The Offices of Councilmembass Btark and Chris Tolbert
in Wards 3 and 4 funded the Macalester-Groveland Commumitm€ll through the
Community Organization Partnership Program in 2011 and 2f¥1ébMmposting
outreach and organizing projects.
The Unity Avenue Foundation, the WedgeShare Community Fund, and theBiké
Co-op, for providing additional funding and support.

Finally, Eureka Recycling would like to recognize the staffnbers (past and present), interns,
friends, and volunteers who have contributed to this report andrtoomposting work in so
many ways, especially Bryan Ukena, Nancy Kelly, Joanna BateeDavenport, Miriam
Holsinger, and Alex Danovitch.



Zero-Waste Composting Recommendations

The recommendations are based on our comparative analysibéddselow and detailed in the
full report), which was conducted in Saint Paul, Minnesota. Tirediags are the key elements

that distinguish a successful zero-waste composting progtameaelevant for any zero-waste

composting program.

Prevention

All composting programs should include a prevention componentribatii@ges residents to

prevent wasted food and to compost in their backyard. Prexmastby far the most cost-effective

and environmentally beneficial way to manage food waste.
Prevention programs completely eliminate transportatiorsiemsssince the material is
reduced or handled on site. Avoiding transportation savesdme$ie37 and $52.65 per
ton in environmental and human health costs (depending on how thesS®{ected).
While not all organic waste is preventable (like banagia)p® possible to compost in a
backyard (like meat or nonrecyclable paper), includingeption with another collection
method can reduce the per-ton program costs by more than $H00/t

Co-Collection

After as much prevention as possible, collection of the remge&380 should be designed to

leverage a community’s existing infrastructure to moseefficcollect material with the lowest

costs and least transportation emissions.
Co-collection of composting with another material on one truckicegd the number of
trucks needed for collection. A dedicated route costs oves & much as co-collection
with yard waste and nearly 1.5 times more than co-cateutith recycling. The
emissions from a dedicated route have an environmentalmgost aix times more
harmful than co-collection with yard waste or recycling.
In Saint Paul the least expensive collection method is @etioil of SSO with recycling
(in a separate compartment on the same trucks). Commin§gvEh yard waste (in
the same compartment in the same truck) has the lowesecashpbut the net cost
would be over twice as much as co-collection with recycliigs is true because Saint
Paul currently has an organized curbside collection inftas&dior recycling and none
for yard waste. Therefore, co-collection with yard wasiald/add the cost of collecting
the additional yard waste into the equation. In cities that baisting yard waste
collection, the analysis would differ.

Drop-off Collection

Drop-off sites should not be considered as a main strategpflémting SSO from a large urban

community like Saint Paul because of its comparatively bgjhlarge impact from emissions,

and low participation rate. However, drop-offs can playrgrortant role in providing immediate

access to all residents during a new program rollout or tolthogein multifamily buildings.
The emissions from drop-offs are 38 times more environmehéaittyful per ton
compared to co-collection. This is because of the high emissiansesidents’ vehicles
making dedicated trips to the drop-off site every wBadicated trips are most likely
because it is difficult and/or undesirable to combine tipisvith an existing trip when
hauling food waste in a compost bin in a car.
Drop-offs have low participation rates. Study results shaw\ka8 times as much
material is recovered from a curbside collection progessus a drop-off site program.



The per ton cost of a drop-off program is 40% more than theo€ascurbside program
that uses co-collection with recycling.

Adding compost collection to an existing recycling drop-tédfcan mitigate some of the
cost impact, however the nature of hauling food waste in ailtatilvresult in high
emissions from dedicated trips.

SSO Processing

After as much prevention as possible, the remaining reald®8@® should be brought to a

facility that will compost the material aerobically (sag&h a static pile or windrow, as opposed

to anaerobic digestion). Aerobic composting provides thebasbmic, social, and

environmental benefits.
Preventing wasted food provides the greatest environmeptdtitmy reducing the
upstream production and transportation emissions; it creatésnes more
environmental benefits than co-collection with recycling anolbéecompost processing.
Aerobic composting methods (which are the methods most commodiypysempost
processors) provide a savings of $83 per ton in environmahtaliman health costs
when compared with disposal. For this analysis, the impalispo$al were calculated
using the average current disposal methods in Saint Paugrigffband 66%
incineration, taking into account energy generation from incineratoinfrom landfill
methane capture.
While anaerobic digestion (AD) processing methods do geaemateenvironmental
benefit, aerobic composting methods result in almost twitamg environmental
benefits than dry AD and four times more than wet AD—evear &ttoring in the
benefit of energy production from AD. Also, this analysis sti@t$he type and volume
of material produced in a residential program is not wiidsto AD because its
composition is highly variable and it has a relativelyBtwwalue per ton of input due to
its high paper content.
Any facility should be appropriately sized. With zerotevasmposting, it is important to
consider that the amount and type of material to be procesisedange because of
future food waste reduction, packaging legislation, and bdagmposting efforts.
Overbuilding capacity for recycling or composting, as we bagn done with waste
disposal, inhibits prevention because the facility is fallgriouilt to work at a larger size,
thereby creating economic and political pressure to detiwss tons to the facility, not
reduce how much goes there.

Use of Finished Compost

A mechanism to use finished compost locally—and funding fan#@tanism—should be built

into a composting program to maximize the community’s benefits.
There is a critical need for healthy soil everywhereogafy in urban communities like
Saint Paul. Using compost to displace petrochemicalzEedibaves $48.82 in
environmental and human health costs for every ton of compost used.
Bringing finished compost back to a community can be a powedifor community
building—especially when used as soil remediation or a resowwgpport existing local
food and community gardening movements. As demand for finishgebsbmcreases, it
will be important for communities to prioritize and estabiechanisms that ensure the
community benefits from the compost and supports how the comglstrisuted.



Although finished-compost return adds to the cost of the progaalns surrently being
shipped in at a greater cost to the community from othes pathe state, and sometimes
even from out of state.

Leveraging Existing Infrastructure
A community’s composting program should be designed to utildzex@and on existing
infrastructure. This approach improves cost-effectivepesmimizing capital expenses and
allowing for efficiencies of scale. It improves environrhantect by reducing the number of
trucks and processing equipment required. It also improeential benefits of the program by
increasing access to residents and providing a compreleglsiaBon message that ties together
related issues.
For prevention, an education campaign can be combined with atlkigoemental issues
that are important in the community (such as energy conservation).
As demonstrated above, using the existing recycling inétasé for collection provides
significant environmental and economic benefits. The same weatdéwith expanding
an existing recycling drop-off site to include compost.
Utilizing existing processing capacity is significarddoess the cost effectiveness of a
program. As discussed in detail in the full report, |scgde facilities have significantly
lower processing costs. When possible, utilizing an exastifigyfin a community can
allow a smaller program to benefit from lower processisig evithout building a facility.

Alternative Options

As part of this study, alternative systems such abéaion and composting at community
gardens were studied. There were numerous benefits tontletiseds; however, in the context
of a citywide program, they were not included in this eveloalue to limited scalability or
logistical constraints. More information about these methodsdaurd in the full report.
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Methodology: Triple Bottom Line

This project uses a triple bottom line methodology to evalyatiens for building a citywide
composting program. The triple bottom line adds social andbanvental measures to the
commonly understood financial bottom line, and evaluates alldhtieese bottom lines to
identify if a program is “in the black.”

The detailed triple bottom linanalysiandresulti this report cannot be applied universally,
because the circumstances of each community are differergveiowheindicatomnd
methodologyesented in this section are universal, and may be use@t®e a triple bottom line
analysis of composting program options in any community. Eurekgchknhg hopes that by
sharing this methodology, and how it has been applied to SainoBeer communities will be
able to replicate this study to benefit their compostingzarmtwaste programs.

Financial

Financial analysis for this report is based on demograjatiecspllected from Eureka Recycling’s
operational experience over the last decade, and saiarptojects completed by Eureka
Recycling in Saint Paul. Collection data is based on houselmudslumes in Saint Paul;
processing data is provided for various sized facditigsnarket data is based on local conditions.
While the specific values are dependent on various localicosdihe comparative analysis
provides relevance and a decision-making framework for ath@nunities to use in developing
their own programs.

Environmental and Human Health

Environmental impact was measured by looking at the environihcesta and benefits of each
strategy. Costs include emissions generated during oallgetl processing. Benefits include the
ability to replenish depleted soil and reduce dependencleeonical fertilizers; the ability to use
finished compost to reduce erosion and protect lakes anst tiveigreenhouse gas reductions
created by keeping compostable material out of laradfdisncinerators; and potential energy
generation.

This study employed life cycle analysis (LCA) to esitha environmental impacts of the
collection, processing, and end use options. The LCA conductddgqroject uses the
Measuring Environmental Benefits Calculator (MEBCalmodel, a comprehensive life cycle
assessment tool developed by team member Dr. Jeffrag bfd@ound Resource Management.
The model employs a life cycle approach to capture enviroahiengacts from the input of
energy and materials and the output of wastes, pollution, psatiets, and energy that occurs
as a result of methods chosen to manage discards of SSO.

In the case of organic materials, including SSO, the mddeatss the environmental impacts of
methods used to collect and process it. For processing métabyield energy, compost, or
other useful outputs, the model also estimates the resulptardiment of environmental
impacts. For example, when compost is utilized as a soidament in lawn, gardening, or
agricultural applications, MEBCdlprovides estimates of the environmental benefits from
reduced production of fertilizers and pesticides. Thigadecause compost is a product that
provides soil nutrients and other soil enhancements that réducedd for synthetic petroleum-
based fertilizers and pesticides.



In particular, MEBCal¢ evaluates the potential effects of SSO management mathsgsdn

categories of impacts to public health, the environment, cosystenms
Climate change—characterizes the potential increase in greenhouse aifetts d
anthropogenic emissions. Carbon dioxide (JCi@m burning fossil fuels is the
most common source of greenhouse gases (GHGs). Methane fromianaerob
decomposition of organic material is another large sourceeoihgrnese gases.
Human respiratory disease and death from particulate s—characterizes
potential human health impacts from anthropogenic releasessé particles
known to aggravate respiratory conditions such as asthmseselééine particles
that can lead to more serious respiratory symptoms aadgjiaad releases of
particulate precursors such as nitrogen oxides and sulfur oxides
Human disease and death from toxics —characterizgsotential human health
impacts from releases of chemicals that are toxic to huhfeme are a large
number of chemical and heavy metal pollutants that arettokiemans, including
2,4-D, benzene, DDT, formaldehyde, permethrin, toluene, chuomicopper,
lead, mercury, silver, and zinc.
Human disease and death from carcinogens—characterizgsotential human
health impacts from releases of chemicals that are cammtaghumans. There
are a large number of chemical and heavy metal pollutanré carcinogenic to
humans, including 2,4-D, benzene, DDT, formaldehyde, keponengtérin,
chromium, and lead.
Eutrophication —characterizethe potential environmental impacts from addition
of mineral nutrients to the soil or water. In both media, ttéiteon of mineral
nutrients, such as nitrogen and phosphorous, can yield generaliyalntelekifts
in the number of species in ecosystems and a reduction in eabtbgersity. In
water, nutrient additions tend to increase algae growthhvdain lead to
reductions in oxygen and death of fish and other species.
Acidification —characterizethe potential environmental impacts from
anthropogenic releases of acidifying compounds, principallydssihfuel and
biomass combustion, which affect trees, soil, buildings,lanand humans. The
main pollutants involved in acidification are sulfur, nitroged, hydrogen
compounds—e.g., sulfur oxides, sulfuric acid, nitrogen oxidésydhjoric acid
(HCL), and ammonia.
Ecosystems toxicity—characterizethe relative potential for chemicals released
into the environment to harm terrestrial and aquatic ecosystatosling wildlife.
There are a large number of chemical and heavy metal ptdltivat are toxic to
ecosystems, including 2,4-D, benzene, DDT, ethyl benzemaafdehyde,
kepone, permethrin, toluene, chromium, copper, lead, siret,zinc.

Life cycle analysis and environmental risk assessmoeits tite methodologies for connecting
pollution of various kinds to these seven categories of environmamage. For example,
releases of various greenhouse gases—carbon dioxigienj€®ane (CE), nitrous oxide

(N,0), chlorofluorocarbons (CFCs), and others—cause global wamifiiady, leads to climate

' For a detailed description and discussion of #reseonmental impact categories see (Bare, TRAB# Tool for
the Reduction and Assessment of Chemical and @heironmental Impacts 2002) and (Lippiatt 2007).



change. The United Nations Intergovernmental Panel on ClimatagehdPCC) periodically
conducts a thorough review of scientific data to determinerénagsh of each pollutant relative

to carbon dioxide in causing global warming. Based on the glalaling potential factors
developed in the latest available IPCC reviéWAgsessment issued in 2007) the emissions of all
greenhouse gas pollutants are aggregated inteq@alents (eCQ.

Similar scientific efforts enable the quantity of polluiletses to be expressed in terms of a
single indicator for the other six categories of environmeataade. This greatly simplifies
reporting and analysis of different levels of pollution. Byping pollution impacts into a
handful of categories, environmental costs and benefits madellrig to reduce the complexity
of tracking hundreds of pollutants. This makes the data faranoessible to policy makers.

MEBCalc" relies on the pollution aggregation methodologies used in USsHRACI 2.0
(Tool for the Reduction and Assessment of Chemical and othepamental Impacts) model
(Bare 2011). The TRACI model was updated at the beginafrP11 to reflect a scientific
harmonization and consensus process recently completed by e Nations Environment
Program (UNEP) and the Society of Environmental Toxicology@memistry (SETAC).

The TRACI model facilitates aggregation of pollution reductimmisicreases under each
management option into totals for an indicator pollutant for eaphatrcategory. The indicator
pollutants used in the LCA results reported herein for cafegirocessing, and marketing of
SSO are:

Climate change: carbon dioxide equivalents (9CO

Human health—respiratory diseases: particulate mattepneaiman 2.5 microns

equivalents (ePM)

Human health—non-cancers: toluene equivalents (eToluene)

Human health—cancers: benzene equivalents (eBenzene)

Eutrophication: nitrogen equivalents (eN)

Acidification: sulfur dioxide equivalents (50

Ecosystems toxicity: herbicide 2,4-D equivalents (e2,4-D

The final step in estimating an environmental value for e¥gas to determine a dollar value for
the damage to public health and/or ecosystems causedhbgfele indicator pollutants. The
following list shows these estimated damage valuationsemaender of this section discusses the
sources and justifications for these valuations.

eCO,: $40 per ton

ePM,,: $10,000 per ton (Eastern Research Group 2006)
eToluene: $118 per ton

eBenzene: $3,030 per ton (Eastern Research Group 2006)
eN: $4 per ton

eSQ;: $410 per ton

e2,4-D: $3,280 per ton

The value of greenhouse gas (eCO,) emissions reductions
There is a very wide range in estimated costs for greenfpasisenissions and valuations for the
benefits of reductions in those emissions. The low end for wasiadithe trading price for



voluntary greenhouse gas emission reductions. Operating muchmaskbts in sulfur dioxide
emissions permits do, several markets are availabéeliiog voluntary greenhouse gas emissions
reduction pledges. Until recently, one of these was the @hiCtimate Exchange (CCX).

Trading values on the CCX for C@eductions were between $1 and $4 per ton of carbon
dioxide over the last several years. Values on European oaatkets have been up to ten times
higher than trading prices on the CCX due to the mandatory @@issions caps imposed on
European greenhouse gas generators. The upper end of the rasjenfated costs of climate
change is found in recent studies such as the review of the ecemroimate change

conducted by Nicholas Stern (Stern 2007). That study detednthat a reasonable estimate for
the cost of current greenhouse gas emissions was $85 petanetrased on the risk of
catastrophic environmental impacts in the future if substadiadtions in greenhouse gas
emissions are not implemented today. MEBCalses $40 per ton for the cost of greenhouse gas
emissions. This is in the middle of the range between maakeds for voluntary emissions
reductions and estimated costs of severe climate charagesnfi today’s emissions levels are not
substantially reduced.

The value of particulates (ePM ,,) emissions reductions

Eastern Research Group (2006) reports the following:

“Epidemiological studies have linked exposure to increasadytate matter (PM) levels to
mortality and morbidity from chronic bronchitis and cardiocués disease. Time-series data
from the 20 largest U.S. cities indicate a lineanaakttip between particulate air pollution and
mortality. The number of years of life lost from prematwatid, and well-being lost from illness,
due to PM exposure depends on the age distribution and stze @tposed population. Many
factors enter into the assessment of illness from PM expududéng weather, types of
emissions, and health of the population. These analyses roostibeted at a local level in order
to incorporate all of these factors.”

“National estimates of the “per-ton” benefits of reducing Nissions are not often calculated.
The importance of local factors in the effects of PM emnssnakes such broad estimates highly
uncertain. In order to compare the benefits and costs of tiegsl¢éhat federal agencies had
chosen not to monetize, the Office of Management and Budget (QidiBulated a broad

national value of the benefits of reducing PM emissions by orod 19,000 to $100,000

(2001). OMB based this estimate on the 1997 NAAQS heamfessment, though their method is
not described” (Eastern Research Group 2006). Based amétysis by Eastern Research
Group, MEBCalc" incorporates a cost valuation of $10,000 per ton for eméssf PM..

The value of human toxics (non-cancers, i.e., eToulen e) emissions reductions

As with the valuation of the costs of greenhouse gas emissionss toavide range in the
estimated costs for emissions of pollutants that are tdwot@ans. Eastern Research Group
(2006) found estimates ranging up to $2,700 per ton of eTofoettlee human health costs of
toxic air pollutant emissions. MEBCHdls very conservative estimate of monetary costs for toxic
air emissions is based on a peer-reviewed study on thedfésdts of atmospheric emissions of
mercury. That study was sponsored by the Northeast Sta@sdi@linated Air Use Management
(NESCAUM) and conducted by scientists at the Harvard CémtdRisk Analysis (Rice 2005).
The study evaluated neurological and possible cardiovasaltlaimeacts from exposure to
methyl mercury through fish consumption, where atmospheric relebseercury result in



depositions of mercury in water bodies within and borderindgJtBe These depositions lead to
increases in methyl mercury concentrations in fish.

The NESCAUM study evaluated three main health effects fnethyl mercury exposure—
neurological decrements associated with intrauterine exposureardial effects associated with
adult exposure, and elevated childhood blood pressure aratcagdhm effects associated with
in utero exposure. MEBCdltrelies on the economic cost estimated in the study for only the
first effect. The decrease in cognitive ability asudtref intrauterine exposure to methyl mercury
is well documented and understood, whereas research on thénaiheralth effects is not yet as
extensive or thoroughly peer-reviewed.

The NESCAUM study’s neurotoxicity health cost estimate fposure to methyl mercury from
consumption of fish that have bioaccumulated that toxin as aaeswdtcury air pollution is
$10.5 million in year 2000 dollars per ton of mercury eitb the atmosphere. Inflating that
estimate to current dollars and converting the cost to toluerssiens, the indicator substance
for human toxicity, yields $118 per ton of eToluene for the abpbllutant emissions that are
toxic to human health. This is the value MEBC4lattributes to reductions in human toxicity
that are caused by diverting material resources froosdigp recycling and composting.

The value of human carcinogens (eBenzene) reductions

Eastern Research Group (2006) reports research sugthegtthg cost to human health from
benzene exposure could be 950 times greater than tolueea. &waluation of $118 per ton for
toluene, this ratio implies that benzene’s valuation should keetheor $100,000 per ton. This
cost valuation is extremely high. Instead MEBCalses $3,030 per ton, which is about 10%
above the midpoint of the range $0.06 to $6.00 per kifodoa expected health risks from
Benzene releases that is also discussed in the EastarohResaup study.

The value of reductions in eutrophying emissions (eN)

In soil or waterways, the addition of large quantities of rimeitrients, such as nitrogen and
phosphorous, results in generally undesirable shifts in the nofrsbecies in ecosystems and in a
reduction in ecological diversity. In water, it tends to@ase algae growth, which can lead to
lack of oxygen and therefore death of species such as fBRalfE’s estimate of the cost of
releases of nutrifying compounds is based on EPA’s costwefiless analysis for the NPDES
regulation on effluent discharges from concentrated animaldesmgbrations. That analysis
estimated that costs up to $4.41 per metric ton of nitrog#®Q@ per short ton) removed from
wastewater effluents were economically advantageou£RASOffice of Research and
Development 2002).

The value of reductions in acidifying emissions (eSO )

The value of acidification reductions is estimated at @diton. This is the average of 2005
($690), 2006 ($860), 2007 ($433), 2008 ($380), ZBEY and 2010 ($36) market clearing spot
prices in the U.S. EPA's annual acid rain sulfur dioxidssemns permit allowances auction
under the Clean Air Act.

The value of ecosystem toxics (e2,4-D) reductions
A study estimated the toxicity cost to plants and wiltiii@ application of a pound of 2,4-D
herbicide at $1.64. This is an updated estimate frold@aech, Integrated Pest Management



Program at The Ohio State University, based on his reseagaally reported in his 1992
report on putting an environmental price to pesticide use (Ko¥d®©92). The estimate includes
costs for impacts on fish, birds, bees and beneficialpartis; but not the estimated costs
developed by Kovach for impacts on human health as a resuduntigiater contamination.
That human health cost is captured in the human toxicity potemiglct category.

Social Impact

Social benefits were measured by looking at community essed by each strategy, such as
potential jobs created, level of program participationpémet value returned to the community
such as finished compost, increased access to healthyeboumges, and cost savings.

Jobs created

Calculations were made of how many jobs would be directitenidby each option. The
calculations were based on estimates for rolling out adstyemposting program in Saint Paul.
The calculation of jobs created that is included in this répbesed on an annual average for a 4-
year rollout, and only includes direct job creation. Additiopstream and downstream job
creation was not calculated within the scope of this study.

Public Health Impacts
The environmental analysis described in the previous sectiotes@n analysis of human health
impacts. In particular, three of the seven indicators nsbd MEBCal&" LCA specifically
measure the human health impacts related to different imollgmtocessing, and marketing
options for residential SSO. These are represented aatheggh detail under the
Environmental LCA, and are restated as part of the seaialits analysis because of the
significant impact on human health.
Particulate matter levels (ePMwhich contribute to chronic bronchitis and cardio-
vascular disease.
Human toxin emissions that can lead to non-cancerous diseasasrfe), including
emissions of human health toxins that have neurological and pcasimeascular
impacts, such as exposure to methyl mercury through fish commumpt
Human carcinogen emissions that can lead to cancers (eBenzene)

Direct Benefit to Residents

Finally, an evaluation was done of how different components of aostimgpprogram would
directly benefit residents. Program components wereeaksgedstermine whether the program
provides an opportunity for residents to save money—on trastgbiteries, etc.—or provides
resources to residents that support a healthy lifestylegsstarid storage tips that encourage them
to eat more fresh foods.



Collection and Prevention

Collection and Prevention Options
This is an overview of the eight options that were identfiiedhe collection of residential SSO.

Prevention
Preventing wasted food
Backyard composting
Drop-off Programs
Drop-off site
Drop-off at a community garden compost pile
Bike collection in conjunction with a drop-off site
Curbside Collection
Curbside collection of SSO mixed with yard waste
Curbside co-collection of SSO with recycling
Curbside collection on a dedicated SSO Route

Prevention
Prevention options eliminate the need for collection. This glygikys a key role in any zero-
waste strategy, because zero waste is not just abouhgedaste by composting and recycling,
but more importantly it is about prevention which requires arshgation of and intervention in
whymaterials ended up in the waste stream. Two preventioonspivere modeled: preventing
wasted food and backyard composting.
Preventing Wasted Food: The modeled prevention program psxedelents the
information, tools and motivation needed to prevent food from be&ssjed (such as
meal planning and food storage tips).
Backyard Composting: The backyard composting program moasdsda neighbor-to-
neighbor approach to provide hands-on education complete with éaplggment,
installation, and access to a discounted backyard-comjoisting

Prevention methods do not have a collection method, processihganand market option the
way that other options do. They are represented in this repddilows:
The collection section includes descriptions (below) andrtaedial analysis of both
programs, because most people consider these types abadarogirams to be part of
collection.
The environmental and social benefits of these programs ladethan both the
collection and the processing sections. For this analystsitit#d to be able to compare
the benefits of prevention with the benefits of commerc@igssing. When data are
being used in multiple places, this has been noted.

Preventing Wasted Food

Wasted food is an issue that is gaining recognition both glabdlinationally. WRAP, a
nonprofit organization in the UK, published one of the first cahpnsive studies on avoidable
wasted food in 2008. This study revealed that households Kttterow away one-third of the



food they purchase each year, and that 61% (or 4.1 millionafofog)d thrown away could have
been eaten if it had been handled better (WRAP 2008).

In response to this issue, WRAP started an education canffhaiga Food Hate Waste,” with
innovative, web-based resources designed to help people tedwmount of food that they
waste by providing facts, food storage tips, recipespaired More recently, a new WRAP study
was released in 2011 that measured the impacts of ¢hnisivet education campaign. According
to their calculations, education efforts reduced the annual amiowasted food in the UK by
13% (WRAP 2011).

Through a partnership with the University of Minnesota’s Instiintéhe Environment
(NorthStar Initiative for Sustainable Enterprise) and wipart from the Minnesota Pollution
Control Agency, Eureka Recycling has dug deep into questions jpifemginting wasted food in
a local context:

What kind of foods do we most often waste?

What type of information, education, and messaging is matjviati people to

change their habits and waste less food?

Are there tools that are especially helpful?

How much of an impact can we have on reducing the amount of dsstteatineeds

to be composted using those tools and information?

Using this data, social marketing tools, and the psycholeggtainable behavior, this project
generated and tested tools, messages, and stratagjagéotike community in wasting less food.
These tools include shopping, food storage, and food preparpsi@a hielp people eat more of
the food they buy.

Eureka Recycling estimates tktia¢ average Saint Paul household wastes up to $96 pe
month in preventable food waste. And that is just a measure of the cost of purchasing that
food—not including the extraordinary amount of resources it

takes to grow, harvest, process, and transport food from thFood Storage Tips Can Help Reside

field to the store—which often includes a trip half way aroufis e Wasted Food
the world that represents a significantly larger cost, both

financially and environmentally.

Other studies in the U.S. are also beginning to shed light on
how much food is wasted in this country. While

methodologies vary, the common themes are that wasted food
is a serious issue and that we are wasting more food tlan eve
before—we throw away 50% more food than we did 40 years
ago, according to one recent study (Hall 2009).

Another recent study from CleanMetrics uses life cyclgsama
to quantify the full amount of avoidable wasted food in the
United States and to calculate its economic cost and
environmental impacts. This report identified that when
looking at the whole food system, the majority of avoidable
wasted food occurs at the consumer level, in people’s homes,



rather than in retail stores or distribution centers. The follpwhart shows the percentage of
food produced that was wasted in 2009. For example 35%ethies produced were never
eaten, with more than 20% of the waste by consumers (V20ika}.

Figure 3—U.S. Annual Avoidable Food Waste in 2009 as ameage of Production (Venkat 2011)

In terms of tons per year, there are significantly moretablgs and fruits wasted each year than
other food types. For example, ten times as much vegedabssted compared to meats.
However, the emissions associated with the production of areaggynificantly higher, creating
higher total emissions than the wasted vegetables. Oaecaliding to the CleanMetrics study,
for every pound of prevented food waste, two pounds ofeCG#nissions are saved (Venkat
2011).

The environmental benefits chart in the next section utilizesra conservative study (O'Farrell
2008) that estimates the environmental benefit of sending uneald to a shelter. That study
estimates the savings at 0.6 pounds of@nissions saved per pound of food.



Figure 4—GHG Emissions from Avoidable Food Waste in 2008T CO2e/year) (Venkat 2011)

Eureka Recycling’s wasted food prevention program will not loalp residents save money at
the grocery store, but will also save all of the environmantbsocial costs of creating, shipping,
and processing food. These additional savings are quantthecenvironmental and social
benefits analysis later in this section (see page 20).

Backyard Composting

Eureka Recycling has a long history of providing backyareemmunity-base®ackyard Compostin
composting workshops and resources to the communities it

serves. In 2010, it revamped its approach, creatingpstirg

a new community-based approach to backyard composting

education.

The pilot included home visit installations for new backyard
composters, working in partnership with the Green Institute
and the local neighborhood group. Eureka Recycling
developed a core group of volunteers who were confident
and enthusiastic backyard composters, and who were willing
to help their neighbors get started. Then, when program
participants purchased their discounted backyard composting
equipment (backyard bins, compost turners, and kitchen
pails), Eureka Recycling matched them up with a volunteer
who would deliver the equipment to the participant’s home,
help them get set up, and answer their questions about
getting started.



This model was based on lessons learned by Eureka Résymdirigers in the energy
conservation field. The Center for Energy and Environment (iTthie Cities) found that very
few recipients of energy audits acted on the recommendationgver, when they assisted with
implementing low-cost and no-cost options such as installingligiieg and weather stripping,
they found much better results. Furthermore, residents who haggisf support for initial

steps were more likely to follow up with larger stepstogiase environmental efficiency, such as
retrofitting or installing more energy-efficient appliaridiedson 2011).

In the financial analysis of this program, no capital cestsimcluded based on the assumption
that a potential program could provide bins to residerteatholesale rate, making this a “pass-
through” cost. Residents could also choose to purchase a pesbinddom another source or
make one according to their own specifications.

A common misconception related to backyaryomemadeBackyard Compost B

composting programs is that residents will not

maintain their backyard compost bins properly,

creating a negative overall environmental

impact. It is true that when a backyard compost

bin is not mixed with a carbon source that

provides enough structure for air flow, the pile

can release methane into the atmosphere.

However, in the environmental analysis in the

processing section of this report, even when

mixed management practices were assumed

(meaning that some residents manage their

backyard compost bins well, while others do

not), backyard composting still proves to create

significant environmental and social benefits when compatiedigposal. Effective education
can maximize the benefits of a backyard composting prdoyyr@msuring that all residents have
the information they need to confidently manage their baclg@rgposting systems and have
resources to turn to with questions or issues.

By including backyard composting in a citywide compostingram, the environmental impacts
of compost collection and processing can be reduced, and morscfapd can be composted
into nutrient-rich soil within the Saint Paul community. The enviromta and social benefits of
backyard composting are quantified in the environmental aral beoefits analysis later in this
section (see page 20).

Drop-off Programs
Of the three drop-off options described below, only the Wit analyzed as a potential citywide
option for Saint Paul.

Drop-off Site

Drop-off sites are often established by communities thattevaffer composting services to
residents without taking on the full cost of a curbside calegtiogram. However, a triple
bottom line analysis is a critical tool to determine whedhgw-off programs are actually as cost-
effective as they may seem at first glance.



Drop-off programs generally carry a smaller overadl fag;, but they also have the lowest
participation rate (and thus capture the smallest numbmr06f food waste) of any collection
method studied here. Only the most dedicated residemntdrivié their compostable materials to
a drop-off; for many residents this extra step is too bditimto their busy lives. In addition, the
environmental benefit of composting the material that isotetleat the drop-off is off-set by the
emissions that individual residents create when drivingviitgizles to the drop-off (see
“Appendix C: Drop-off Emissions” for details).

Because of these additional emissions, COT postinbrop-off Site Pilo

drop-off option is shown in the

environmental analysis to have

dramatically higher climate change

emissions than any other collection

methods (see page 20).

The drop-off site program modeled
assumes three citywide drop-off locations.

While drop-offs are not an ideal

collection method, they can still be a

good fit for composting programs in

certain situations. Recycling drop-offs are

widely used in rural areas where the

distance between homes makes curbside

collection cost-prohibitive, and composting drop-offs can ogytae used in those same
situations. Composting drop-offs can also play a role as am icddection strategy, providing
instant, citywide access to composting for all community raespimcluding those that live in
apartments and are more challenging to add to a collectioraproght away.

Drop-off at a Community Garden Compost Pile

Drop-off at a community garden compost pile was not includéhisririple bottom line analysis
because this scenario was not part of Eureka Recyclingioallpilot, and the complexity of
fleshing out this scenatio fell outside of the scope of this study

This program would require different educational matedale$idents because sorting
instructions would be different than a program with commepetaadessing. Also, the rules and
regulations for this type of system would need to be redi@aweepth, and extensive planning
with the community gardeners and surrounding neighbors would neakid@lace. Despite
these challenges, this type of composting is still worthgnsfderation in areas where
partnerships can be built with interested community groups.

Bike Collection in conjunction with a Drop-off Site

Bike collection was also excluded from this triple botton dinalysis based on the results of
Eureka Recycling’s collection pilot. Based on the pilot, EuR&cycling determined that bikes
alone are not a practical fleet for citywide, year-rowrdpost collection in Saint Paul. Due to
the high participation rates of curbside composting progsdipygery winter conditions meant



that the cyclists were barely able to get their heaugrs moving again before they had to stop at
the next house. In addition, it is only feasible in a sndillsaround a drop-off because of the
weight capacity of the bikes.

Bicycles are used in a number of communities for hauling compdsecycling, as well as to
transport other products, even in severe weather. Howelef thkse examples have a greater
distance between stops than a citywide composting proguésctription composting programs
have much lower participation rates (because participatiatuintary and residents usually pay
for it directly), and therefore cyclists travel farther
between stops. These examples include: Bike Collection Pilot

Peace Coffee, a Twin Cities coffee roaster

that delivers fair trade coffee by bike to

grocery stores and coffee shops throughout

the metro area.

The Compostadores in Minneapolis,

Minnesota; Pedal People in Northampton,

Massachusetts; and the Pedal Co-op in

Philadelphia, Pennsylvania all collect

composting (and sometimes recycling

and/or trash) by bicycle, on a subscription

basis, in their communities.

In areas near drop-offs or community gardens that have emty®sting operations, bike
collection remains feasible, and is an option that is stithyvof consideration where there is
strong community interest in this type of a composting program.

Curbside Collection
Of the three curbside collection options described below,tardywere included in the triple
bottom line analysis in the second part of this section, libtedl options are discussed in this
section. The analysis includes education costs, weeklyion|lecid provision of an indoor
kitchen bin and a 13-gallon outdoor wheeled cart.
. . . CompostCart with Dual Streal Recycling Bin
Co-Collection with Recycling
In this study, the co-collection option means
combining a new composting program with an
existing recycling program: retrofitting existing
recycling trucks so that they can collect
recycling and composting at the same time, in
different compartments. This strategy creates
much higher route efficiency and the lowest
cost per household for this program.

For this analysis, calculations were based on the
assumption that the current fleet of diesel trucks
used to collect recycling in Saint Paul was
retrofitted to co-collect composting with
recycling.



Dedicated Route for SSO

This option was modeled as an alternative to co-collectidnredtycling and would appear to be
the same program to the resident. In this scenario, complesttionl would occur on the same
day as existing recycling collection, but compost would bected in a separate truck, doubling
the number of trucks moving through the neighborhoods. This approaimadeled to include
new trucks and dedicated routes that handle only SSO. Thetagedo this program is that
routes can be sized specifically for participation inSi&@ogram. However, this is much more
expensive than co-collection with recycling because the sgjnumber of stops is so high while
the overall volumes are so low. This option also creates méssi@ns than co-collection with
recycling and does not create any additional environmentatial benefits.

Collection of SSO mixed with Yard Waste
Collection of SSO combined with yard waste (mixed togetiéne same truck) is a common
practice in cities throughout the U.S., including San Francisc@antidnd.

However, in Minnesota, waste and yard waste are more comimamdiijed in an open market
fashion where residents can contract with any private wasés. lizased on state regulations,
recycling and SSO is easier to bundle into citywide costricSaint Paul, there is currently very
little curbside collection of yard waste because modénesiuse the free drop-off sites that
Ramsey County has provided for many years. Yard wastrasaged seasonally in Minnesota,
creating route efficiency challenges in the winter.



Data and Analysis of Collection and Preventiaydbeth
The following sections provide a comparison of different cmfeotethods using a triple bottom
line analysis, as described in the methodology section.

Financial

Cost and tonnage data are represented in the figure below.
Costs were calculated on a per-ton basis, including capitalperating expenses for each
collection method.
Tonnage was estimated on an annual basis, based on ekimtlagesitial years of a
composting program in Saint Paul.

For the purposes of understanding this financial analysis ci@olieethods, it is important to
understand the relationship between the costs of each colieetiibad and the tonnage each can
be expected to generate. Collection costs vary greatiydne community to another, because
they are impacted by factors such as the proximity of gsimcesites and the density of housing in
the communities served.

Figure 5—Collection and Prevention Options: Costs and Tons Getle

The drop-off site is the second most expensive collection gpéioton, and generates
the smallest annual tonnage due to low participation rates.

A dedicated SSO or co-collection route generates eighs tinoge tonnage than a drop-
off site.

Co-collection with recycling costs 70% of the cost per ton @agto drop-off, and
generates eight times the tonnage of a drop-off.

By adding prevention education to co-collection with recyclthg,overall cost per ton is
reducedy $100 compared to collecting all the material in &truc



Co-collection with yard waste is significantly more expertsian the other collection
methods, because it requires handling the largest numbesoFtrexample, in Saint
Paul, the estimated yard waste tonnage would be threegiessr than the tonnage of
SSO collected.

The per-ton cost of prevention education (including both preventiagted food and
backyard composting) is 22 times less the cost of a drperddn and 16 times less the
cost of co-collection with recycling.

Financial Analysis

As shown above, the most cost-effective way to manage fotaisvseither prevent it from
being wasted in the first place (preventing wasted fodd)teach residents to compost it on site
(backyard composting).

After prevention methods, the most cost-effective collectiethad is co-collection with
recycling, which has the lowest cost of the three collectiohadst When prevention education
is added to co-collection with recycling, the cost per t@#180 lower than co-collection with
recycling on its own.

A dedicated SSO route is the most expensive collection optien calculated on a per-ton
basis, and a drop-off is only slightly less expensiteper

A collection program for food waste and yard waste in Saultwbuld be more than twice as
expensive for the City of Saint Paul as a program thavlteets compost with recycling.

Environmental and Human Health
One of the goals of this project is to represent the benéptevention—preventing wasted food
and backyard composting—in comparison to the collection and pirggge$ SSO. In order to
best represent this in the LCA, information is presenttdlass:
The upstream benefits of preventing wasted food are incindieid section and repeated
in the environmental analysis of processing methods. This altdear demonstration of
the value of including prevention education in a composting prodracause every ton
of food that is eaten rather than wasted creates drapatioed environmental benefit
than if it were composted.
The environmental benefits of processing compost in a badkgeaacke included in the
processing section. The tables in this section show the dnedttneeding to collect the
material that is backyard composted by showing collectisiems as “zero,” providing
a comparison to the emissions generated by other collectibnaset
A comparison of the benefits of prevention to the benefits [&atioin and processing of SSO is
presented in Table 12 on page 45.

LCA—Emissions

Table 1 below shows life cycle environmental effects fatiffegent methods that could be used
to collect SSO from single-family households. Seven diffen@itonmental impacts were
evaluated using the MebCHdlenodel (see page 5 for details). The emissions usedutateathe
estimates shown in Table 1 include emissions from extra@fonng and distribution of the
petroleum diesel or natural gas. Emissions estimatesroon@arnegie Mellon University
(CMU) Green Design Institute’s economic input-output life cyadeessment (EIO-LCA) model



(Carnegie Mellon 2002), MSW Decision Support Tool for col@ctrucks (EPA and the
Research Triangle Institute 2002), and Washington Departmh&dology for passenger cars and
light trucks (Department of Ecology, State of Washington 2012)

Table 1—Results of LCA Analysis of Collection Methods (bbEmissions per ton of SSO)
Human Human Human

glt:r:r?ti Health- Health- Health- Eutrophication Acidification E_(Fg)s(i)::si:ems
9 Particulates Toxics Carcinogens y
eC( ePN,, eToluet eBenze eN eS(, €2,4-D
Preventing
Wasted Food -1,259.98 -2.45 -374.23 -0.16 -0.61 -11.56 -0.04
Backyarc 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Composting
Drop-off Site  2,366.56 0.6235 10.1 0.0002 0.3826 7.4235 0.0521
Co-Collection
w/ Recycling 63.09 0.0041 1.24 0.0008 0.0012 0.0462 0.0001
Co-Collection ;5535 03131  -47.44 -0.0201 -0.0779 -1.4605 050
& Prevention
Dedicated
SSO Route 378.54 0.0248 7.46 0.0047 0.0074 0.2774 0.0008

The major assumptions that yield the results shown in Tab&utie:
Collection vehicles are 2010 vintage and meet currentiensgstandards for new
collection vehicles.
Collection vehicles use ultra low sulfur diesel (ULSD) &s fue
Collection of only SSO is six times less fuel-efficient doambined collection of SSO
and recyclables.
Residential self-haul trips involve a dedicated roundlisiiance of 5.6 miles to deliver
5.4 pounds to a drop-off site for SSO.
Average fuel efficiency for a household car or light trug2R.is miles per gallon.
Co-collection and prevention based on 37% of SSO tons prevamie6i3% co-collected
based on estimated tonnage

LCA—Cost of Environmental and Human Health Impacts
The net per ton cost to the environment and human health are indlibatew in Table 2, using
the methodology described on page 7.

Wasted food prevention shows significant savings per ton. Fgrtevef food that is not wasted
there are $62 in life cycle savings to the environment arlt ngalth. The majority of these
impacts come from the potential effects of carbon emisgantisulate emissions, and toxic
emissions. All of the curbside options, especially catoliehave minimal environmental and
health effects (which are offset by the environmental becefitdated in the processing section).
By contrast, having residents drive SSO to a drop-off sigaificant effect on climate change.



Table 2—Net Environmental and Human Health Costs per Ton 6f S8llected or Avoided

1 1 1 C
28 o9 22 8 E 72
- O - X - S = £ ] Total Cost
g5 e g5 S 3 S
o 5 9 |
Z Z 2° T .
unit eCQ ePM, eToluene eBenzent eN eSQ e2,4-D
V\?égfjdm;g%d ($25.20) ($12.25) ($22.08) ($0.24) ($0.00) ($2.37)  ($0.07) ($62.21)
Cgfncgg;ﬁg $0.00  $0.00  $0.00  $0.00  $0.00  $0.00 $0.00 $0.00
Drop-off Site ~ $47.33 $3.12  $0.60  $0.00  $0.00  $1.52 $0.09 $52.65
Sﬁgg';;ﬂ%” $1.26  $0.02  $0.07  $0.00  $0.00  $0.01 $0.00 $1.37
COF;;?)L%%)”E& ($2.45) ($1.57) ($2.80) ($0.03)  $0.00  ($0.30) ($0.01) ($7.15)
Dedggﬁg SSO  ¢757  $012  $044  $0.01  $0.00  $0.06 $0.00 $8.20

* Co-collection and prevention based on 37%oofs§8€vented and 63% co-collected basaddtoastiga

Environmental and Human Health Analysis

Prevention programs reduce the amount of material that nebd<ctilected (either by
preventing wasted food or composting at home). Therefore, datkgmposting, as a collection
method, is shown as having no environmental impact (comparedéovtlienmental impact of
the other collection methods). Preventing wasted food also havinonenental impact from
collection, and actually creates a net environmental bepeétibcing the amount of food that
needs to be produced and shipped to consumers in the fiest plac

For the remaining material that does need to be colleatethltecting it with recycling has the
least environmental impact compared to drop-off and a dedi€&O route. When a co-
collection with recycling program includes prevention educati@nenvironmental and human
health benefits increase dramatically.

Drop-off has the largest negative environmental impact dilne ionpact of residential vehicles
driving to the compost drop-off combined with the impact caiteca material by truck at drop-
off sites.

Social Impact

The following sections provide a summary of the social bedef# that were used in the analysis
of collection methods, including the number of jobs created ¢y @alection method, the

public health impacts of each collection method, and other opptetiand resources that
directly benefit residents.

Jobs Created

The estimates below include direct job creation only. #althl upstream and downstream job
creation was not calculated within the scope of this studgul@abns are based on a citywide
compost program, using an annual average for a 4-year rollout.



Table 3—Jobs Created by Different Collection Methods

Collection Method \ Jobs created
Preventing Wasted Food 0.5
Backyard Composting 0.5
Drop-off Site 6
Co-Collection w/ recycling 5
Co-Collection & Prevention 6
Dedicated SSO Route 15

Public Health Impacts

These public health impact calculations are a portion of ta&€lycle Analysis presented in the
previous section. This is a repetition of the portion of tha ttaim the LCA that most directly
impacts human health to demonstrate the social impact of@bsctien method using dollars of
public health costs per ton of SSO.

Table 4—Public Health Costs Per Ton for Different Collectibethods
Public Health Public Health  Public Health Costs Total Avoided or

Costs of Particulate Costs of Toxic of Carcinogenic Incurred Health

Emissions Emissions Emissions Impacts
ePM, eToluene eBenzene
Preventing Wasted Food ($12.25) ($22.08) ($0.24) ($34.57)
Backyard Composting No Data No Data No Data No Data
Drop-Off Site $3.12 $0.60 $0.00 $3.71
Co-Collection w/ Recycling 0.02 $0.07 $0.00 $0.10
Co-Collection & Prevention* ($1.57) ($2.80) ($0.03) ($4.40)
Dedicated SSO Route $0.12 $0.44 0.01 $0.57

*Co-collection and prevention based on 37%00is38€vénted and 63% co-collected basedatoastgeat

Direct Benefits to Residents

There are opportunities for direct financial savings fatenesi.
All collection methods can result in less garbage andegidents the ability to decrease
container size and/or frequency of collection. Based on currdraggrates in Saint Paul,
households can save an average of $2.50 per month by reddoayg gervice levels.
The average Saint Paul family could save up to $96 per momffoceries by preventing
wasted food.

Residents want access to backyard composting. When EurekeiRg tested backyard
composting education prior to collection of composting in the Mat=alt&roveland
neighborhood of Saint Paul in 2010, there was a 25% incresenumber of people who had
and used a backyard bin after the initial education, andtmeourse of a year, 53% of the
people reported starting a backyard bin. 94.7% of thdeeoihe project area said they would
recommend this type of education campaign to other communities.



As many compost collection programs around the country have fokitchen pail and a small
supply of compostable bags are essential to getting pewfd and to their continued
participation. In Eureka Recycling’s pilot, 65% of pgytinis said they would not have
participated in the composting collection portion of the pilahaut a kitchen pail, and 61% said
the same about bags.

Social Impact Analysis

Diversion through wasted food prevention and backyard composhilcgteon creates a greater
social benefit than any collection method. These preventiongsmagprovide community
members with practical tools to help them save money waddigcing the amount of material
that needs to be collected, including all of the human health absbllection.

Co-collection of SSO and recycling has the least environnteedlth impacts per ton. Co-
collection doesn’t generate as many jobs as a dedicate(bexduse fewer trucks are needed)
but costs less to implement.

Both a dedicated SSO route and a drop-off generate sightiealth costs due to the emissions
generated from the transportation of compost. A dedicated@®B©puts more trucks on the
road than any other method, and a drop-off requires individsialents to drive compostable
materials from their homes to the drop-off location.



Collection and Prevention Findings

Prevention is a critical strategy in achieving the gtdatascial, environmental, and social

benefit of a composting program.
Prevention and backyard composting provide the largest en@maingains because no
transportation is necessary. Food waste prevention resules ipagitive environmental
impact due to the upstream benefits of not producing or tramsgpdobd in the first
place.
Prevention is by far the most cost-effective way to aglfived waste. This can have a
signficant impact when combined with another collection methodirfsteince, by
adding a prevention program to co-collection with recyclihg,overall per ton
collection cost decreases by more than $100/ton compaoadlie¢oting all the material on
a truck.
The average Saint Paul family could save up to $96 per momjloceries by preventing
wasted food.

Co-collection of composting with recycling achieves the gsedance of economic, social, and

environmental impacts, based on the estimated tonnage andorsnalitthe City of Saint Paul.
Co-collection allows Saint Paul to add composting to the egisticycling program
without significantly increasing the number of trucks on the rblag. means that
composting collection can be added without increasing the amounatsef and air
pollution experienced by residents, or the amount of wear anaiecity streets.
Co-collection of SSO has the least environmental health injperctsn. Both a dedicated
SSO route and a drop-off program result in significant headits due to the emissions
generated from the transportation of compost. A dedicated@®B©puts more trucks on
the road than any other method, and a drop-off program requootesdual residents to
drive compostable materials from their homes to the drojpation.
Collection of only SSO has six times greater environmentdiamen health costs than
co-collection of SSO with other materials.
Significant savings result from the co-collection of recycbngpared to dedicated routes
or drop-offs. Both per-ton fees and generation rates musttoeefd into the financial
impact of a program. For instance, while co-collection witld yeaste has a slightly lower
per-ton cost then co-collection with recycling, the additiomabant of yard waste
collected more than doubles the total collection cost.

Drop-off sites are much more expensive than most curbsidetamil options on a per-ton basis.
On their own, they are not the most cost-effective or environnligritaneficial long-term
composting solution.
Self-haul trips to a drop-off average a dedicated roymdistance of 5.6 miles to deliver
5.4 pounds SSO. This results in the highest per ton environnaewtdlealth costs from
transportation emissions.
Drop-offs are the second most expensive collection option ontarpbasis.
However, drop-off sites may still provide a good intetinaitegy to provide instant,
citywide access to composting while curbside collectiaging Ipolled out. This is
especially relevant to serve people who live in apartnbEazuse this gives program
organizers a chance to roll out the single-family prograomebafildressing the unique
challenges of apartment-building composting. Alternativedy, @xisting recycling drop-
off center exists, SSO could be added.



Processing

Processing Options
This is an overview of the six options that were identiicedhe processing of residential SSO.

Aerobiccomposting metho include mixing feedstock with a carbon sot
(such as brush or woodchips) and managing it as it decomposesrient
rich soil.

Windrows

Aerated static pile

Covered aerated static pile

In-vessel composting
Anaerobic digestion (AD) processes take feedstock andeniainag system
without the presence of oxygen; this encourages the production loneet
and other biogases which can be burned for energy. Afterabades have
been collected, the end product (called digestate) cauixked with a carbon
source and composted.

Wet anaerobic digestion

Dry anaerobic digestion

Aerobic Composting Methods

Aerobic composting is the process of rapidly degrading omngatérials via microbial
decomposition, which require oxygen to survive. The bacteriaracrorganisms also desire a
particular balance between two elements: carbon and nitrdlgemnitial carbon to nitrogen

ratio (C:N) has been determined to be optimal in the ran@5<f0 parts carbon to 1 part
nitrogen (25-30:1). The optimal ratio shifts slightly with type of composting chosen (in-vessel,
windrow, aerated static pile), but is generally in Hnigie. A C:N ratio too rich in carbon (high)
will result in slowed decomposition; a C:N ratio too rich irrogten (low) will have a higher
propensity of ‘going anaerobic’ (generating methane and odong)aahting ammonia. In
general, “browns” are organic materials with high levetaudifon and “greens” are organic
materials with high levels of nitrogen. In addition to the @alio, it is important to have some
larger bulking agents (typically, larger pieces obpanb order to help aerate the compost. Some
common bulking materials are wood chips, straw, and brandiek, also contribute to the
carbon content of the compost.

Composting is usually done in a rural area due to the lageequirements and the potential for
odor issues. However, in-vessel and AD technologies do alt@astaller footprint and
enclosed active composting or digestion operation, making colbaposting a possibility. One
obstacle to urban compost processing is potential odors francdinging SSO. An enclosed
receiving area with active filtering of the air throughaafitier can help manage odors.

Though the different technologies illustrated in this reporirequstomized site plans, there are
a number of design elements that are needed for all conm@e®sCempost sites in Minnesota
must incorporate perimeter fencing, water and electwicseronnections, site preparation and
excavation, an engineered, sloped pad, and drainagetmansiter collection pond.



Best practices require all sites to have an all-wesattrance road with space for queuing up to
two semi-trailers or three residential collection truaksn-ground truck scale, a 12'x44’-foot
office trailer/scale house, an equipment storage/maintenaedteasd a receiving area. The
receiving area is recommended to be a 50’ x 50’ cowematete pad with a push wall. Here the
incoming food and yard waste will be dropped off, mixaueasled, and incorporated into the
compost site. A feed conveyor may be added to the regepad to convey the mixed material
from the pad into a dump truck for distribution to the compostireg.

The total estimated area requirements, shown in Table&@natodate areas for active compost,
curing, storage for seasonal feed stock (leaves), firiktide groduct, and anticipated work
space. The areas were estimated using incoming tonnages,kooessing times, and state
regulations for barriers and site layout.

Table 5—Summary of Land Required for Different Processieipddls, based on Total Annual Tonnage

16,00( tons/yea 30,00( tons/yea
Windrow 10.3 acre 17.5 acre
Aerated Static P 5.8 acre 9.5 acre
Covered AS 4.6acre 7.2 acre
In-vessi 3.5 acre 5.3 acre

At the time of this writing, new rules to regulate compasssvere being drafted in the State of
Minnesota. These draft rules were taken into account whenagisiinthe size and cost of
developing each individual compost site. Areas that willduilve, immature compost have
special considerations for impermeability and that was wbtsdcalculating costs.

Depending on the site, there is a possibility that the nsdNewould meet the maximum
permeability threshold defined in the draft regulatiors,lho additional geotechnical work
would be required. The costs in this report assume thdesitdopers will need to excavate 2’ of
the soil or fill with class 5 (lower cost) or install arl{h@her cost). All sites are also assumed to
require geotextile and drainage piping. Further analysisemieeded once the new composting
rules for Minnesota have been completed.

It is assumed that standard composting equipment woulduieetkgt each compost site, with
the exception of in-vessel (because of the inclusive natareimfvessel system it only
necessitates a dump truck and single loader). Windroatedstatic pile, and covered ASP
require:
2 front end loaders—used in receiving, loading, and pileatcom
Grinder/shredder—used to grind yard waste and mix feddstoc
Screener—improves quality of salable product by removgeawanted objects and
clumps of compost, and recovering bulking agents.
Dump truck—used to transport feedstock from receiving araetive compost site,
curing area, and final storage area.
Pickup truck—transports employees, maintenance equipmenmtaadals around
compost site.



Windrows

Windrow composting consists of incorporatinsmaliwindrow Turner
the mixture of raw materials into long narrow
rows that are then agitated, or turned, on a
regular basis. The windrows are built using
front end loaders and size is constrained by the
type of windrow turner used. In this case, a 14-
foot wide windrow is recommended. It would
then be turned regularly and moisture would be
monitored with either a probe or by

experience. When more moisture is needed, a
watering tank on a trailer can pull water from
the detention pond and spray onto the
windrows just before turning. If piles are too
wet, then an extra turn or two on a dry day will
help bring the moisture levels down.

Windrows rely on aeration from natural or passive air moveamehtherefore the size and
porosity of the pile is quite important. If a windrow is taogle, the likelihood of anaerobic
activity increases and methane and odor would be releaseduntned. If the pile is too small,
the appropriate temperatures needed to kill off pathogeresapdrate moisture are not
achieved. Windrows are turned when the appropriate temperatueached and able to be
maintained for three days. The use of a temperature prodfmemended.

After active composting is complete (3-6 months dependingeather and turning frequencies),
the material must then cure, to allow microbial uptake of emytg come to a steady state, for an
additional 30 days before it can be considered a finisdladl]e product.

The advantages of windrow composting include:
Low upfront capital investment (see Appendix D for detaibestis) because the system
does not include expensive aeration equipment.
Windrow composting is well known and practiced throughout the world.
The disadvantages of windrow composting include:
Windrow composting requires a large area.
Windrow composting has a comparably longer active composriayp
Odor is a consideration when windrow composting, especialyS@r and grass
clippings.
Vermin are attracted to the uncovered piles.

Aerated Static Pile

Aerated Static Pile (ASP) composting can take on many. fioimmessentially a windrow (or a
series of windrows) that is left unmixed for the entire’@acidompost period. Modeled in this
report is a mass bed ASP, which is one large continuousithileninterrupted cells or zones.
Each zone contains one day of collected feedstock. The rigterized and then placed into the
pile using front end loaders.



The technique uses active
aeration—in which a blower
or fan either draws air
through the pile (negative
aeration) or blows air from
the center out (positive
aeration). The mass bed ASP

has an aeration technology

that is built into the floor.

The system provides both

positive and negative aeration

to help maintain a uniform

temperature, and is controlled

by a centralized computer

system. The conditions of each zone are controlled individyathelautomated system to
ensure proper moisture, temperature, and exposure toasolincludes a bio filter, in which all
drawn air in the negative system is passed through, to imaidte control.

MassBed ASP Sii

The advantages of ASP composting include:
ASP composting is well known and practiced throughout the world.
Active compost time is comparabl';
moderate.
ASP composting sites have a
smaller footprint.
ASP systems include automated
controls that monitor moisture,
aeration, and temperature.

SPAeration Equipmel

The disadvantages of ASP composting
include:
Odor is significant consideration
when ASP composting (especially
with positive aeration).
Vermin are attracted to the
uncovered piles.
Large upfront capital investment
(see Appendix D).

Covered Aerated Static Pile

The technology used with Covered Aerated Static Piles (&Siilar to the ASP described
previously, but it uses an impermeable waterproof fabdover individual rows or batches of
feedstock. The batch rows are built of mixed feedstock treinigend loaders and can either
remain static for the entire process, or be moved interdrft staged zones. The covers use an
automated system, called a winder, to cover the pilelsespda uniform shape and tautness.
Covered ASP uses negative aeration and draws all air tlaroimlter.



The covers offer considerable odor ~ Photoof a GORE covered ASP syst
control and an excellent reduction of

VOC. They also provide an effective

barrier against vermin, keep a clean

appearance, and allow for a greater

control of compost conditions. Because

of the consistent conditions, the active

composting time is shortened

considerably to about six weeks. The

covers, however, do deteriorate, are

expensive, and add difficulty when

operating in snowy environments, as they cannot be left to fieéze ground.

The advantages of covered ASP composting include:
Covered ASP composting is well known and practiced throughowtohiel.
Active compost time is comparably quick Covered ASP campastes typically have a
small footprint.
Covered ASP systems include automated controls that monitaurapéeeration, and
temperature.
Odor issues are addressed.
The covers provide a barrier discouraging some vermin.
The disadvantages of covered ASP composting include:
High capital costs.
Continued cost of covers.
Challenging to use in snowy climates, because covers canefittbdreeze to the
ground.

In-vessel System

In-vessel systems vary by technology, but generally fibllloformat of an enclosed mechanical
vessel where the compost is retained and kept under highiplisshtonditions. The more
controlled and consistent environment provides for quick processagand requires little
human intervention. In-vessel systems are offered in botmgouns and batch models. For the
purposes of this report, a continuous feed system is assimsedeihod allows feedstock to be
loaded into the vessel, the composting process to begirtillgoersit the addition of more
feedstock. This cycle can continue for th_essesyster

life of the project.

In-vessel systems have the advantage of
being entirely inclusive. An operator loads
the hopper with the unmixed feedstock

and the material is shredded, mixed,
analyzed, and sent into the vessel to
process. Once leaving the system, the
material still must cure for 30 days. In-
vessel systems are generally best suited for
small to medium sized installations.



The advantages of in-vessel composting include:
In-vessel systems are easily scalable, and cartdztiltoaaban environments.
Offers highly controllable conditions.
In-vessel systems generally require few operators.
The disadvantages of in-vessel composting include:
Large upfront capital costs (see Appendix D).

Anaerobic Digestion Methods

Anaerobic digestion (AD) is a natural process in which orgaatgrials are broken down by
microorganisms in the absence of oxygen. AD treatment sysigebeen used for decades as a
way to stabilize municipal solids and as a form of traaforenigh-strength organic waste. A
benefit of anaerobic digestion processes, as compareénaiilt processes, is the production of
methane-rich biogas, which is readily captured. The buagabe utilized to offset the heat or
electricity demands of the facility, and can be sad aslditional revenue source. In addition to
biogas, the end product of the AD process is a stabiliztedtiah, called digestate, which has some
nutrient value. The liquid digestate can be applied tsfial certain times of the year, and the
solid digestate can be composted and applied as all@nfesdilizer. An evaluation of anaerobic
digestion systems must consider the end uses and/or di$athlthe biogas and digestate.

Anaerobic digestion requires a few key conditions, includiremaironment without oxygen,
optimum temperatures (which vary depending on the speoditeps), and the proper nutrients; a
carbon nitrogen ratio between 20 and 30 carbon for each nitregemsidered ideal (RIS
International Ltd. 2005).

AD processes are typically classified as wet aig@stiow solids) and dry digestion (high solids).
Some references even note a medium-solids system (Veyn20023. While the solids
concentration threshold between the wet digestion and dry idigesiries from reference to
reference, generally wet digestion systems have solidsttations of 10-15% or less. The wet
and dry AD systems involve different treatment componeutgenerally, the biogas quality and
qguantity produced is similaferma May 2002). Primary differences between the yateisis
include:

Wet digestion processes require more energy input, usinga@ddmf the energy

generated, whereas dry digestion processes use only 20 o6 tB@ energy generated.

Wet systems have been in use for decades for treatmewmticfpal biosolids. Dry

systems are newer and there are limited U.S. instadiati

Wet systems require the input of water or a liquid wstsgam.

Dry systems, often require the input of a bulking matégraks, brush, or wood) to

increase the solids concentration and allow percolation of.liquid

Dry systems are either continuous systems or batch sysbertiisuous dry systems

require more costly conveyance equipment because standarsl gamimpt be used and

thus have higher capital costs, whereas batch systemghavé®liM costs.

Wet systems require larger storage and heating equipment.



Wet Digestion
Wet digestion involves pretreatment, digestate handhghiagas handling. A schematic of a
typical wet digestion system is shown in Figure 6 at theftiis section (see page 34).

Pretreatment for wet digestion may include a sieve, trdrseneen, chopper, magnet and/or
other device to remove contaminants such as stones, mesakugthglastic from the feedstock
prior to the mixing stage. The pretreatment also includeaddition of water to produce a
slurry. For the basis of this analysis, it is assumedatieatisvadded to produce an 8% solids
slurry. While wet systems can handle higher solids conaamsra8P6 is still pumpable with
commonly used pumps. To achieve 8% solids slurry for the sumstearized in Table 6,
approximately 65,000 gallons of liquid must be addedslting is then pumped to the anaerobic
digestion system.

There are several wet anaerobic digestion configuratiohspmatstage and two-stage systems,
and mesophilic and thermophilic systems. Typically, wetalnia digesters consist of round
above-ground or below-ground concrete tanks, but covered lago@nsiygiems are used as well.
Depending on the type of system, the slurry

may react or digest for up to 20 days. AfteWet Anaerobic Digestion Facility

this period, the digestate must be removed

from the reactor(s). During the digestion

process, a portion of the input solids is

converted to methane gas and, therefore,

there is a loss of material. Despite this loss,

the digestate will likely have high nutrient

value. There are a number of options for

how to handle this material, and choosing

the right one for any wet AD system is

largely based on the location of the system.

There are several possible applications and

disposal options for the digestate, including:
Full liquid mass applied to farm land.
Separate liquid and solids, land-apply solids to farmliguid goes to a municipal
wastewater treatment plant (WWTP).
Separate liquid and solids, compost solids, liquid gaasrtdaind.
Separate liquid and solids, compost solids, liquid goesctiese osmosis (RO) system to
produce concentrated fertilizer.
Separate liquid and solids, compost solids, liquid ggeseaonhouse grower (along with
energy).
Separate liquid and solids, pelletize/granulate sadugis, §oes to any of the previous
choices.

In rural areas, land application is a common practiceisTtaasible when there is a large amount
of farmland near the facility, and when storing large amountatef is feasible. Some facilities
land-apply the digestate without separating the liquidstfiersolids, while others separate the
liquids from the solids and then land-apply the liquid portin either case, the total volume of
liquid digestate is significant—as much as eleven tan&etoads per day. Because land



application in Minnesota can only be done seasonally, a langeeval storage would be
required. For example, municipal wastewater treatmehtiégcare required to provide 180 days
of storage for bio solids. In urban areas, land applicatiopractical because of the cost of
storing this volume of water and hauling it to farmland outsidleecdity. Instead, urban wet AD
facilities are typically co-located with wastewatatient plants, which provide the most cost-
effective option for handling the liquid output after it hasnbeeparated from the solids.

A solid separation process can produce a solid digesta1&y80% solids. Assuming a solids
concentration of 16% is achieved, a total of 50,000 gallovestef per day can be removed.
Based on operating digestion facilities, approximatelyoB0%s liquid can be reused to produce
the slurry. The other 20% (10,000 gallons per day) ie waghis scenario, the nutrient value
held in the waste liquid is lost.

There are a few alternatives that could be consideredl impan wet AD facility. Treating the
liquid to produce a concentrated nutrient stream is possiilegverse osmosis systems are
expensive and require additional maintenance. If a greenhetséowsated nearby, it may be
efficient to send the liquid to the greenhouse. Pelletizingdhds is also an option, but this
would require additional processing, energy, and costs, alguikdgoortion must still be
addressed.

For the triple bottom line analysis in this section, the asgmaatre based on an urban wet AD
facility that is composting the solids and partnering withstewater treatment plant to handle

the liquid waste. Wet digestion systems have a long higtasg for stabilization of municipal
wastewater solids. Wet systems used to process S8teratesed in combination with more

dilute feedstocks, such as animal manures or sewageslidgere are wet systems operating
solely with SSO as the feedstocketligestion systems have been used for SSO in Europe, with
installations in Finland, Germany, Netherlands, Canada, anccothdries (Verma May 2002).

Advantages of wet digestion of SSO include the following:
The process is well understood and is commonly used throughoutShe U.
No additional bulking agents are needed.
More options for digestate uses.

Some disadvantages to wet anaerobic digestion of SSO itnauddowing:
The slurry may separate into layers, preventing propangraxid allowing solid material
to settle to the bottom and damage equipnféatma May 2002).
Sand and stone sediments may accumulate in the reactor (Mayr2802).
Fibrous, stringy material can cause damage to mixing systerma May 2002).
Wet digestion can result in a loss of volatile solids and gaseyields.

Larger tanks and equipment are needed to store, heat, ary ¢cbewolume of water
added to produce the slurry.

Digestate handling can require more equipment to operatmaimdain.
Management of large volumes of water required for digestion.



Figure 6—Schematic of Wet Anaerobic Digestion System
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Dry Digestion Dry Anaerobic Digestion Facility
Dry digestion is similar to in-vessel composting,

but without air circulation. Instead, the air-tight
vessel is kept in an anaerobic condition. Although
configurations vary, one example of a dry digestion
system is parallel rectangular concrete vessels, each
operating as plug-flow reactors. Liquid separated
from the digested material is returned to the system
and trickles down through the digesting material,

as a way to seed the vessel. A flow diagram of a
typical dry digestion system is shown below.

After digestion, the digestate is removed from the rgagtdy portion of the input solids is
converted to methane gas, and therefore there is a loss ahiaenial. Unlike wet digestion
systems with many processing options for the digestategéiséate from dry digestion does not
require additional processing prior to composting or landcapipih. The biogas generated has
the same use options as the wet anaerobic system. Themayb, system is estimated to
produce 50,000 MMBtu/year, while the smaller systeesignated to produce 18,000
MMBtu/year. These energy estimates are much less thafoithla¢ wet AD system (116,000
MMBtu/year) because the wet AD system has more SSO material.



Figure 7—Schematic of a Dry Anaerobic Digestion System

Preliminary Treatment AD System
AD
Deliveries —®  Storage » Treatment
Digestate l Biogas l
. Biogas
Digestate |
-Compost solids * *
-Land apply .
-Pelletize & bur Direct Use Treatment
-Digester heat -Vehicle fuel
-Other heating -Pipeline injection

-Electrical generation

Dry digestion is perhaps more suited to an SSO disceathdbecause the feedstock is already of
an appropriate solids concentration. There are not many drgyaiems installed in the United
States, although one has been operating for a year at thedipig€lWisconsin-Oshkosh. A dry
AD system will likely require less pretreatment thenveteAD system because contaminants and
large solids are less likely to damage equipment udgddigestion systems. Dry AD systems are
typically used when a green waste (grass clippings, éta¥is part of the feedstock. A dry AD
system operating with SSO as its only feedstock wil likgquire a bulking material to obtain the
consistency needed for dry digestion.

Advantages of dry digestion systems include:
No need to add water, resulting in lower energy demands adéwatering equipment.
Minimal pretreatment requirements and system can mongyreaddle contaminants
such as glass, plastic, and metals (Verma May 2002).

Disadvantages of dry digestion systems include:
More costly conveyance equipment, including belts and screveyansv(continuous feed
systems only).
Need for bulking material.
Less familiarity with this technology (few operating Ufitfas).

Two dry digestion feedstock scenarios were evaluatedeasistem processing 12,000 ton/year
of SSO and a small system processing 6,000 ton/year ofr88(h cases, it was assumed that a
bulking material is needed at a mass ratio of 1 to 1butkeig material could be wood chips,
grass clipping, or brush. This evaluation conservativelyessthahwood chips would be used.
Wood chips would not degrade in the anaerobic system and woutminibute to the biogas.

If grass clipping or brush were available, their usbwkiag agent would positively impact the
volume of biogas generated.



Energy Generation from AD
The ability to generate energy in addition to digestatecfwtan then be composted) is what sets
AD apart from other SSO processing methods. The biogas igehieran AD system can be
utilized in several ways. The biogas can be:

treated and used directly as a fuel in a boiler or kiimaduce heat, a portion of which

would be needed to heat the digester,

treated further to natural gas quality and fed into a ngjasgbipeline,

treated to produce a renewable vehicle fuel, or

converted to electricity and heat with a combined heat anc&ep(@HP) system.
Of these options, the last option is ideal because the@tggenerated can offset demand from
the grid and the waste heat from the CHP can be used tdhleedigester, leaving excess heat for
nearby buildings. The selection of the optimum biogas use optlooation-driven, dependent
upon utility rates and nearby utility demands. For this evauahas been assumed that the
biogas will fuel a CHP system, with the electricity getesl offsetting electrical demands and sold
to the grid and waste heat used for digester heat andéd affieighboring facility’s heat
demands. There are a number of CHP options, including flls|] o&croturbines, and internal
combustion (IC) engines. For this evaluation, it has been asthahed IC engine would be
used to capture the value of the biogas.

AD systems typically rely on abundant, uniform agricultygaiodolucts such as manure and corn
silage as their primary source of feedstock. In orderataate the energy potential of residential
SSO as a primary AD feedstock, a feedstock anafgsscompleted as part of this project. Samples
were gathered from existing residential and commerciglasiing programs (see Appendix B:
Sample Analysis), and were used to evaluate three andeyebimn scenarios, as summarized in
Table 6 below. Two tonnage scenarios were considered faligigtion, and one scenario was
considered for wet digestion. The feedstock characteriztidy results were utilized where
possible to estimate the volumes of byproducts generatethEatigestion process. Where
laboratory results were not available, other typical viglued in literature were used.

Based on sample data analyzed by Woods End Laboratoriesjdbatial SSO has a carbon to
nitrogen (C:N) ratio ranging between 24.6 and 32.7, which dose agreement to the optimum
range between 20 and 30 (RIS International Ltd. 2005). Mewedurther analysis shows that
despite this ideal C:N ratio, biogas output from residdetastock is subpar. The commercial
SSO characterization showed more variable and lower &idsranging from 9.2 to 22.9, yet
showed more consistently high biogas output. Given the long detdinties in anaerobic
systems (on the order of 15 days), the fluctuations in theafidé may even out in the reactor.

The energy potential in the sample analysis, represefhiedtaslue of biogas and percent
methane, indicates that residentially generated compostabigals are not an ideal feedstock for
an AD system. The residential samples produced onlyillighrBtu/ton, which is just over a

third of the energy produced by commercial feedstock (8ldmBtu/ton). This indicates that

the low heat value and methane content in residentially getéeatdstock may have a negative
impact on the power generation capacity of an AD systenme Btadies should be done on this
feedstock to verify actual potential biogas output (see€ifgp B: Sample Analysis”).

Based on these findings, it does not make sense to investas AMethod of processing
residential SSO from Saint Paul at this time. Howevéheasomposting industry continues to



develop and the quantity of available feedstock in the regiogases, anaerobic digestion will
merit further consideration. Further analysis of scenariosdbltt make anaerobic digestion a
suitable choice for residentially generated feedstaoimmended. These could include
anaerobic digestion of residential SSO in combination with f¢ke€istocks, or the addition of
partial stream digestion to existing composting faciR@sal stream digestion has become a
common practice in Europe, where a composting facility addeaerobic digester to process the
wettest portion of the incoming feedstock prior to compostingBBere 2010).

Table 6—Summary of Assumptions and Feedstock Outputs f@paibns
Units

Large Dry Small Dry

Waste Material Input Wet Digestion

Digestion Digestion
Total Tons Wet Feedstock tons/yr | 25,000 12,000 6,000
Residential SSO tons/yr 4,000 4,000 4,000
Density Ibs/yd’ 792 792 792
Solids Conter % 36% 36% 36%
Biogas Generati’ Btu/ton 1,822,725 1,822,725 1,822,725
Energy Production MMBtu/yr 7,291 7,291 7,291
Cumulative methane % % 36.5% n/a n/a
Commercial SSO tons/yr 8,000 8,000 2,000
Density lbs/yd 1,247 1,247 1,247
Solids Conter’ % 40% 40% 40%
Biogas Generati’ Btu/ton 5,205,153 5,205,153 5,205,153
Energy Production MMBtu/yr 41,641 41,641 10,410
Cumulative Methane % 70% n/a n/a
Other Sources tons/yr 13,000
Density lbslyd 1,247
Solids Content % 40%
Biogas Generation Btu/ton 5,205,153
Energy Production MMBtu/yr 67,667
Bulking Materie’ tons/yr 12,000 6,000
Wood Chips yd’ 3,300 1,650
Density lbslyd 550 550
Solids Content % 60% 60%
Biogas Generation Btu/ton 0 0
Energy Production MMBtu/yr
Total Energy Production MMBtu/yr 116,599
Net Density Ibs/yd
Solids Content % 39% 49% 49%
Jobs created/retained 7 6 5
Required Area for AD Acres 4 4 3
Required Area for Composting Acres 5 2 2

a) Values from laboratory testing.

b) Assumes the addition of 13,000 tons of SSO froomdetermined source because this is the smallest

feasible wet AD system.

c) Bulking material is needed for dry digestion. Hvaluation conservatively assumes that woodcHlps wi
be used. Wood chips will provide no additional gyeralue.




Data and Analysis of Processing Methods

Financial
The charts below summarize the cost per ton for processingtS38©three selected tonnage
scenarios: the basic scenario at 6,000 tons per yesxptreded at 12,000, and the wet AD
scenario at 25,000 tons per year. Wet AD was only anady2&g000 tons because it would not
be feasible to run the system with any less, but thigplisay means that this is not a true per-
ton cost comparison between wet AD and the other processing rseffmdvoid confusion, this
difference is noted in all figures and tables.
Figure 8—Basic Scenario: Comparison of Processing Cosbipef Total Organics
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Figure 9—Expanded Scenario: Comparison of Processing Costf Tlatal Organics. Includes Tax Credits for AD as of 2011
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Each of the charts above separates the operating aatlazgig. Capital costs can change based
on financing options whereas operating and maintenance costsang oNgne of these costs
were compared to the cost of disposing of discards infdl lanohcinerator. Those costs were

not researched as the comparison is out of the scope of tigisngtiah is primarily aimed at
comparing different composting and prevention options.

It is noteworthy that costs per ton decrease dramatibglpbput 30%) when assumed tonnage
collection doubles.

Revenue

In a typical composting operation, the costs outlined abeveoaered by two revenue streams:
A “tip fee” is a per-ton charge paid by haulers when tireyp materials off at a
composting facility.
Revenue is generated from the sale of finished compost.

Tax Credits for Anaerobic Digestion
The capital costs of both AD systems included in Figure &ignde 9 are calculated assuming
that the projects have taken advantage of three tax ¢betied on credits available in 2011):
renewable energy tax credits (estimated at 30%),
accelerated depreciation tax savings over seven years,
and the New Market Tax Credit, which is available if taeility is sited in low income
areas slated for economic development.

The total impact of applying these three credits is a&drat 54% savings. The availability of
renewable energy tax credits is changing and therefotescoeaertainty around the financing
and costs for anaerobic digestion. The return on investmessuisiad to be 15%.

Actual Costs of Processing Per Ton of SSO Collected
The per-tons costs shown in Figure 8 and Figure 9 were calchkged on the total tons of
organics in the system, including both SSO and carbon métetialas added during processing.

In order to provide a true cost comparison between procesS@@Spaying the tip fee at an
existing composting facility, a summary of costs per to8©fisthe basic scenario is provided
in Table 7, which compares the total costs per ton (cghislO&M) from Figure 8 to the actual
cost per ton of SSO.

The two prevention methods do not have a processing cost. Alassiciated with these
options are covered in the collection section.

The potential added costs of purchasing carbon materiaivared in the next section.



Table 7—Economic Cost Comparison of Processing Options far Besnario of 6,000 tons/ year.

Preventing Backyard . Aerated Static Covered ) Dry
Wasted Food Composting Cilaelan Pile* ASP* Ipuzesel AD*

Cost/ Ton of
Total Organics $0 $0 $33 $43 $51 $93 $95

(Capital + O&M)

Cost/ Ton of SSO
(Capital + O&M)

*Does not include the cost of carbon- seemext sect

$0 $0 $92 $119 $141 $258 $1¢0

Carbon and Bulking Agents

The per-ton costs in the previous tables assume that carbenmaheatd bulking agents can be
acquired at no cost. However, based on market analysigsaitdhe Twin Cities Metro region

by R. Alexander Associates, Inc., obtaining wood-basedrcanhterial for use as a bulking agent
in aerobic composting or dry AD is likely to become mof&adilt in the future, and therefore
must be considered in the SSO program development procesd. ahips and shredded yard
waste (brush) are ideal bulking agents because theysoghpihe structure and carbon needed
to offset nitrogen-rich, wet feedstocks (e.g., grass@@)l 8 is also somewhat dry, allowing it to
offset the higher moisture content of most nitrogen-based deksst

A reduction in availability and an increased value haslalbegun because of competition with
several local bioenergy facilities for this fuel sourckeiding District Energy in Saint Paul,
Fibrominn in Benson, MN, and Minnkota Power in Grand Forks, North Dakathis
competition for wood waste makes it more difficult for congrssto obtain appropriate tipping
fees to manage wood, and makes purchasing woodchips moreAmusitging to a 2007 study
done by the Green Institute, only 2% of the long-term supply ldutree residue in the Twin
Cities is still available—most is already going taonbiggy facilities and mulch markets (Nelson,
Renewing Rock-Tenn: A Biomass Fuels Assessment for Rock-Ten®au$ Recycled Paper
Mill 2007).

District Energy will accept wet and dirty wood, and pgg$8/ton. In addition, they will

even grind wood on large project sites and haul it awaydey ift order to get the wood

fuel.

Fibrominn obtains much of their wood from the Twin Cities, even thotliey are
located about 140 miles from Saint Paul. They pay up ta&2%delivered) for wood
that meets their specifications.

Minnkota has paid $40.00 per ton (delivered), but the wood beudry and finely
ground.

Table 8 below shows the increase cost of processing pesstahdyathe price per ton for
obtaining carbon.

Table 8—Increase in Per Ton Operating Cost based on &fricarbon Material

Price for Carbon Composting Dry AD Wet AD
$5 $3.20 $2.50 $3.05
$10 $6.40 $5.00 $6.11
$15 $9.59 $7.50 $9.17

$20 $12.79 $10.00 $12.23



In addition to the limited availability of wood waste, thewement of wood waste is currently
hindered by quarantine in the Twin Cities metro area. In &orteb prevent the spread of the
emerald ash borer, an invasive species that is destheyash tree population in the region,
wood waste is prohibited from traveling across county linessuihleas first been finely ground.

Although wood chips and shredded yard waste (brush) are comusedlypulking agents,
alternative bulking agents also exist. Materials ssbnegisled/chipped tires, corrugated
cardboard, shredded newspaper, and high density polyet{tyl2RE) can also be used.
However, each of these alternatives has pros and cons. Fareinsta chips provide excellent
structure to a compost pile, but do not provide any carbon. Futtey can be a source of
heavy metals in the compost. HDPE also provides good struattingo carbon. Further, both
HDPE and tire chips can be seen as contaminants if thegtgyeperly screened from the
finished compost product. Cardboard and newspaper can sagqin,dut when wet, may not
provide enough structure (pore spacing) to the pile or windreawd8st can be used, but is often
too costly. Various agricultural by-products may also beifuseailable at a low enough cost and
in large enough volumes.

Financial Analysis
Windrow is the least expensive processing method per ton éallmgpectively by
Aerated Static Pile and Covered Aerated Static Biles beast likely to be situated
close to the city.
In-vessel composting has low operating and management cesgjrifitant capital
cost (3.7—7.9 times higher than other aerobic composting pesges
Wet Anaerobic Digestion at 25,000 tons becomes cost cdmgp#raderobic
Composting methods at 12,000 tons. Further study is needeghtdychow much
lower the price of Aerobic Composting would be at 25,000 tons.
Prevention through backyard composting and preventing wastedsftialeast
expensive way to handle SSO.

Environmental and Human Health

The table below summarizes the LCA estimates for thea seaveonmental impacts of options
that would be used to process SSO into useful energy and cqrgmhstts. The processing
options covered in the table include backyard composting,ieeahposting, and dry and wet
anaerobic digestion (AD), followed by aerobic composting cAhdigestate. The table shows
the emissions from processing operations and from energyrtéindrfpesticide displacements
from utilization of the energy and compost outputs of procesdnegtable also shows net life
cycle impacts, i.e., the difference between emissmmspirocessing and the emissions offsets
from displaced energy generation and fertilizer/pestusdge. Because of a lack of data on the
guality and use of the composted SSO processed through ardamikyposting system, no
fertilizer or pesticide offsets are shown for this progesgtion.

The upstream benefits of preventing wasted food are inciudéarts below. This information is
the same as the data included in the environmental analysiectfion methods. This allows us
to demonstrate the value of including prevention education in a@sting program, because
every ton of wasted food that is prevented creates decafthyathore environmental benefit than if
it were composted.



The data used to calculate the LCA emissions in Tablewglexinformation from extraction,
refining, and distribution of the displaced natural gasglhaswthe resource extraction and energy
used to produce the displaced fertilizers and pestiEméssions estimates come from the CMU
EIO-LCA model (Carnegie Mellon 2002), EPA AP-42 emisstats for natural gas boilers (EPA
1995), RTI MSW DST model (RTI International 2012), EPAARM model (EPA 2012),

Avant AD facility in Minnesota air permit potential to ¢mstimates for ICE, and

“Environmental Assessment of Home Composting” fResources, Conservation and Recycling
(Colon September 2010).

LCA—Emissions

Table 9—LCA Emissions Results for Processing Options (lemsisdions per ton of SSO)

eCQ ePM, eToluene  eBenzene eN eSQ e2,4-D

Processing (includes ICE emissions for AD)
Prevented Waste

4 -1259.88 -2.45 -374.23 -0.16 -0.61 -11.56 -0.04
Foo
Backyarc
.2 887.20 no data no data no data 0.0746 0.2520 no data
Composting
Aerobic Compostin3g 803.16 0.0343 1.32 0.0000 0.2123 0.4351 0.0051
Dry Anaerobic
. .4 1,070.48 0.0711 91.61 3.5033 0.2107 0.8046 0.0098
Digestion
Wet Anaerobic
. .4 996.76 0.0743 113.95 4.3791 0.1731 0.8209 0.0101
Digestion

Aerobic Composting & Anaerobic Digestion Offsets
Electricity from Dry

D’ 24470  -0.0334  -18.73 -0.0147 -0.0174 -0.3762 -0.0019
Electricity from Wet

D’ -305.87 -0.0417 23.42 -0.0184 -0.0218 -0.4702 ®o
Fertilizer/Pesticid:
offset for Composting “L18323  -2.0961  -221.55 -0.3226 -0.2448 -5.1498 -0.0377
Fertilizer/Pesticid:
offset for Dy AD 106491 -1.8865  -199.39 -0.2903 -0.2203 -4.6348 0.0339
Fertilizer/Pesticidi  g,0 56 14673 -155.08 -0.2258 -0.1713 -3.6049 -0.0264

offset for Wet AD
Additional Emissions for Rural Processing Sites

Transfer of material 1
Rural Processing Site 11.1848 0.0011 0.0077 0.0000 0.0006 0.0140 0.0000

1. Prevented wasted food data have already teekin gnesmilection section but is alse@depeesdat
comparison to processing methods.

For backyard composting, mixed managemeaingrstatisdsgher processing emissions) were assume
For aerobic composting, best managemeanhgrémiicsy processing emissions) were assumed.
Includes aerobic composting of digestate.

Assumes substitution for electricity genenatedairgas combustion.

aprwN

Table 10 combines the emissions from each processing optiowifig transfer when applicable)
with the offsets from generating electricity and/or iedil



Table 10—Net LCA Emissions for Each Processing OptiondflLéasissions per ton of SSO)

eCO, ePM, eToluene eBenzene eN eSQ e2,4-D

Preventec
Wasted Food -1259.98 -2.45 -374.23 -0.16 -0.61 -11.56 -0.04
Backyarc
ot -296.03 -2.0960 -221.55  -0.32261 --015 --4.8978 -0.0377
Windrow' -368.88 -2.0607 -220.22 -0.3226 -0.0318 -4.7007 0326
Aerated Stati
Pile: -368.88 -2.0607 -220.22 -0.3226 -0.0318 -4.7007 -0.0326
Covered ASP -368.88 -2.0607 -220.22 -0.3226 -0.0318 -4.7007 0326
Urban In-vessél  -380.07 -2.0618 -220.23 -0.3226 -0.0325 -4.7147 -0.0327
Wet AD" -137.37 --1.4347 -64.55 4.1349 -0.0200 -3.2542 AB00
Dry AD' -239.13 -1.8488 -126.51 3.1983 -0.02700 -4.2064 -0.026

1. Includes emissions related to transfer ob matdnabcessing site.

2. Assumes urban processing and does not irmhsdelemeidso transfer of material (whewgpeodéygsi

is near the community that is generating tharS&0jg not needed).

The LCA emission data shown in the above table are based fmtidlaeng assumptions:

LCA—
In Tabl
human

Aerobic composting adheres to best practices so thabesisismethane and nitrous
oxide due to anareobic conditions in the aerobic compost praeassramal.

Dry AD yield per metric ton of SSO is 115 cubic metwrbiogas with a methane content
of 55%.

Wet AD yield per metric ton of SSO is 144 cubic metdrbiogas with a methane
content of 55%.

Parasitic energy use for both dry and wet AD amounts tocf @€ energy generated by
the methane in biogas.

Aerobic compost product output from dry AD digestate is 3% then compost product
from straight aerobic composting due to degradation of sorhe 830 material to
produce biogas during the AD process.

Aerobic compost output from the wet AD digestate is 30%dhes straight aerobic
composting due both to degradation of the SSO input to produces@rghloss of
compostable material in the water effleunt from wet AD gseing.

AD methane is burned in an internal combustion engine (ICE)%t fficiency to
generate electricity.

AD generated electricity displaces electricity geetekey a 40% efficient combined cycle
natural gas turbine.

Compost utilization as a soil amendment reduces synthatizdettse by 50% and
pesticide use by 25% (Morris J 2008).

Cost of Environmental and Human Health Impacts
e 11, the LCA Data from Table 10 is combined witté the costs of environmental and
health impacts (as described in the LCA descriptioagen) so that a comparison can

be made of the health-related savings or costs of diffeceeissing methods, and the full
environmental benefit that is created by each processihganghen combined with the
avoided impact of disposal can be shown.



Table 11—Cost of Environmental and Public Health Externsilitér ton of SSO Processed (benefits in parenthesis)

15%3 153 1 5%"3 1%513 1%5%%3 1 583%5%%$3 1 53 1 5"$3
4
2|#6 ) 1 5&3 1 %5!"3 1 5%%$3 1 %5!&3 1%3 1 5%%. 1%5%.: 1 5% 3 1"5&3
1$5"3 1 %5 %3 1 5&&3 1 %5!&3 1%5%%3 1%5&%3 1 5"3 1"5"13
1$5"3 1 %5 %3 1 5&&3 1%5!&3 1%5%9% 1%5&3 1%5%: 1 5"3 %5 1"5"13
1$5"3 1 %5 %3 1 5&&3 1 %5!&3 1%5%%3 1%5%3 1 5"3 1"5"13
00 1$5%3 1 %5 3 1 58&3 1%5!&3 1%5%9 1%5&%$ 1%5%: 1 5!3 1" 5%%$3
153 19$5%3 15"3 5 1%5%%3 1%5 3 %HB5 1358 3 1"58&3
1153 1&513 1%$5!'3 15" 19%5%% 1%5"3 1%5%! 1 $5 3 1 $5&"3

*34% landfill and 66% incineration, taking iotmeeoergy generation from incineration andfiltanethane capture.
**In-vessel processing is assumed to talenplagarirarea, eliminating the need to traietaeatural processing site.
Calculations for all other commercial protresdéngchele transfer emissions.

In Table 11 above, preventing wasted food creates @igbeaiefit Per ton than any other
processing method. Backyard composting is shown to cregtetlst smaller benefit Per Ton
than aerobic composting because mixed management practiessumed for backyard
composting (meaning it is assumed that some residents felbmdnagement practices, while
others do not). However, backyard composting has no transporatissions from collection,
which increases the overall benefit of backyard compostingaced to commercial processing
methods.

Table 12 below provides a comparison of processing methdmisking at the combined impacts
of collection, processing and avoided disposal. To sintpiifgamparison, co-collection with
recycling was assumed for all processing methods tha¢ regjléction, since this is the method
with the smallest environmental impact. By looking at the sataings in environmental and
human health costs, the full benefits of each option, especealgntion methods, can be seen.
When the small environmental impact of collection is consideesttyard composting is shown
to create a slightly greater benefit than any commeadtiettton and processing method.



Table 12—Net Environmental and Human Health Costs of CollectiwhProcessing per Ton

*34% landfill and 66% incineration, taking iatmaeoergy generation from incineration andfifionethane capture.

153 % " 1 %5 3 1 5"$3
1 5%3 % #1 $#" 1 %5 3 1"5&3
1 5"3 5% #$ %!" 1 %5 3 1"5!$3
15"3 5% #$ %!" 1 %5 3 1"5!$3
1 5"3 5% #3$ %!" 1 %5 3 1"5!$3
1 5!3 5% # $&" 1 %5 3 1" 5%$%3
1$5& 3 5% 1 %5 3 1$%$53
1%53 5% re 1 %5 3 153

Environmental and Human Health Analysis

Prevented Wasted Food has the most significant environmentaaltidcost savings, a
total of $112.87 per ton when taking into account the additior@tlad impacts of the

current disposal method.

When reviewing industrial scale processing facilitiespveelaged aerobic composting
facilities all produced similarly beneficial environmeémiadcts when best management

practices are assumed.
Backyard composting, also a type of aerobic compostindgightlg bower
environmental benefits than other types of aerobic compostagde mixed
management practices are assumed. However, when includingptus of
collection from the previous section, backyard compostinipias overall

environmental emissions than large scale aerobic compostingebte material

is handled on site.

Aerobic composting methods create a greater overall envintedrbenefit than anaerobic

digestion.
Aerobic composting creates 4 times the savings in envirormedtauman
health costs than wet AD and almost twice as much as dry AD
Both Wet and Dry AD produces a digestate feedstock for asting that will
result in lower quantity and therefore value for the finishedoosin
Comparing current Saint Paul waste disposal practices postimg and prevention
methods showed significant savings in environment and humandusdthhrough
composting and anaerobic digestion.
Both wet and dry AD have less environmental impact thanrdutigposal
methods.



When taking into account transportation and the avoided impattte of
current disposal method, wet AD creates an environmentdluaman
health cost savings of $57.22 per ton.
Dry AD has a $66.61 per-ton savings when taking into account
transportation and the avoided impacts of the current digpetadd.
The overall environmental benefit of aerobic composting isegriban either AD
system, creating an environmental and human health cost sa$@f@jgt@fper ton
when taking into account transportation and the avoided impattts otirrent
disposal method.
Transporting SSO from an urban transfer station to a ruralastimg site has a minimal
health cost of $0.23 per ton.

Social Impact

The following sections provide a summary of the social bedafighat were used in the analysis
of processing methods, including the number of jobs creatati@pdblic health impacts of each
processing method.

Jobs Created

The following table compares the number of jobs createddbypracessing method using same
three tonnage scenarios as were used in the financial a@&196isons per year, 12,000 tons per
year, and for Wet AD only—25,000 tons per year.

These estimates include direct job creation only. Additigretteam and downstream job
creation was not calculated within the scope of this study.

Table 13—Jobs Created by Different Processing Methods

Basic Scenario Expanded Scenario
Tons/year Jobs created Tons/year Jobs created

Prevented Wasted Foor Jobs created are represented in the cotiection Sect
Backyard Composting Jobs created are represented in the catiaction Sect

Windrow 6,000 4 12,000 55

ASP 6,000 4 12,000 5
Covered ASP 6,000 4.5 12,000 5

In-Vessel 6,000 3.5 12,000 3.5
Dry AD 6,000 5 12,000 6

L 8 B N N N N N & & § N & § § & § § & § N &N & &N & &N § & N & & N B § §N § |

Wet AD* NA NA 25,000 7

*Assumes the addition of 13,000 tons of SSO dirmetanmined source because this is theasihlestfAD system.

Public Health Impacts

These public health impact calculations are a portion of ta€lycle Analysis presented in the
previous section. This is a repetition of the portion of tha ftaim the LCA that most directly
impacts human health to demonstrate the social impact of maessing method using dollars of
public health costs per ton of SSO for each of the three tonocagar®s. The tables below
combine the emissions from each processing option (includingtnahsh applicable) with the



offsets from generating electricity and/or fertilizer, shgwhe overall savings in public health
costs created by each processing method.

Table 14—Public Health Costs
Public Health Costs Per Ton of SSO

Total Costs for
Public Public Public Health| Total Public Total Costs forl Expanded Scenario

Health Costs Health Costs  Costs of | Health Costs Basic Scenario 12,000 tons/yr, and
of Particulate  of Toxic Carcinogenic| Per Tonof 6,000 tons/yr = 25,000 tons/yr for

Emissions ~ Emissions  Emissions SSO Wet AD
ePM, eToluene eBenzene

Preventec
Waaeoto | (812.25) ($22.08) ($0.24) ($34.57) ($367,949) ($735,897)

Backyarc
Composting | ($10-48) ($13.07) ($0.49) ($24.04) ($304,759) ($609,517)
Windrow ($10.30) ($12.99) ($0.49) ($23.78) ($303,227) ($606,453)
ASP ($10.30) ($12.99) ($0.49) ($23.78) ($303,227) ($606,453)
C?,\"Se;ed ($10.30) ($12.99) ($0.49) ($23.78) ($303,227) ($606,453)
In-Vessel | ($10.31) ($12.99) ($0.49) ($23.79) ($303,227) ($606,453)
Dry AD ($9.24) ($7.46) $4.85 ($11.86) ($231,657) ($463,314)
Wet AD* ($7.17) ($3.81) $6.26 ($4.71) NA ($786,611)

*Assumes the addition of 13,000 tons of SSO dirmetanmined source because this is treasihilestfAD system.

Notes and assumptions for Table 14:
Common tonnage numbers were used across all methods, includiegtedewasted
food and backyard composting in order to have a common comparison.
These impacts represent the human health savings from itteefextfset for aerobic
composting methods and from the electricity offset for anaerobiposting.
These impacts represent the impacts incurred from praressi the avoided in
comparison to current disposal method.
Once again, it is important to note that the total health cogact for wet AD is
dramatically higher than other methods because it is ba2ed0® tons per year, while
all other methods are calculated at 12,000 tons per year.

Social Impact Analysis
Windrow and aerated static pile facilities requireggitdootprint, so it is not feasible to
locate them within urban communities. In-vessel composting cociease access to
compost if it were located in an urban setting.
Three of the seven LCA categories directly affect humathh@4lthese, preventing
wasted food, backyard composting, and aerobic digestiodgitbe most savings in
human health costs.
There is no significant difference in jobs created betweseaptions.



Processing Findings

All aerobic composting and anaerobic digestion methods pigidécant environmental and

public health benefits when compared with disposing of rakstémia landfill or incinerator.
Depending on the processing method used, composting can saverarfywhes57-$82
per ton in environmental and human health costs when compared ésaligpor this
analysis, the impacts of disposal were calculated usavgthge current disposal methods
in Saint Paul, 34% landfill and 66% incineration, taking ttoumt energy generation
from incineration and from landfill methane capture.

Backyard composting and preventing wasted food have finansiabnmental, and social
benefits that are greater than any other form of discatdnmaterial.
Since this material would not need to be processed (or edl)ébere are no associated
processing (or collection) costs, just educational costs.
Preventing wasted food has nearly twice the environmental arahhusalth benefits per
ton than curbside co-collection with any of the aerobic compostigttpods: windrow,
aerated static pile, and covered aerated static pile
The benefits of backyard composting are slightly gréaterthe benefits of aerobic
commercial composting.
Educational programs designed to build community can havevpasitial impacts.

Based on residential SSO from Saint Paul, aerobic compuastipgres favorably to anaerobic
digestion for its financial, environmental, and social imma&s when gas production from AD
is considered.
Aerobic composting is potentially less expensive to pjoeess than similar scale
anaerobic digestion, even when considering tax incentivegramid (which may not
always be available).
Aerobic composting creates four times more environmental andrhibealth cost savings
than wet AD and 1.8 times more savings than dry AD, evaanwlas production is
factored in (at a higher ton scenario outlined in full report).
The overall environmental benefit of aerobic composting isegriban either the wet or
dry AD system. Aerobic composting creates an environnarddluman health cost
savings of $81.47 per ton including avoided disposal angbitatisn while wet AD
creates a savings of $57.22 per ton, and dry AD ceesé®ings of $66.61 per ton.
The energy potential (Btu) in the sample analysis indibate®sidentially generated
compostable materials are not an ideal feedstock for ags®In because the biogas does
not have a high enough Btu content, in part because of the high gagtent.
Aerobic composting methods also produce a greater quantigualiy of finished
compost than either AD system.



Use of Finished Compost

Options for Use of Finished Compost

With erosion, soil contaminated with hazardous materials sleddaand mercury, and depleted
soil that needs amendment in order to grow healthy gardenavansl & triple bottom line
analysis is needed to help balance the many social, envirahmedteconomic needs that
finished compost can help fulfill within

the community and beyond. Finished Compostin U

Compost can be used to remediate and
replenish soil on urban and rural farms,
parks, playgrounds, and community
gardens, and can be used to grow food,
lawns, flowers, and other plants.
According to the Minnesota Institute

for Sustainable Agriculture, adding
compost to contaminated urban soils is
one of the best ways to monomize the
uptake of soil contaminants into plants,
because the addition of organic matter
to the soil makes metals such as lead,
cadmium, and arsenic less mobile in the
soil (Minnesota Institute for Sustainable Agriculture 2010).

Community gardens also rely on compost to revitalize urbamkoiing them to grow quality
food and keep gardeners engaged. Based on a study done YoNewommunity gardens had
a direct effect on housing prices in areas where they vadr&ept (Been 2006). In poor
neighborhoods, the gardens raised housing prices by almostth@%\ie years after they were
initiated.

Furthermore, revenue from the sale of finished compost caa ptéical role in making
compost collection programs affordable for the communitiesstreg.

The following section reviews the marketplace for finishedpostsurrounding the Twin Cities
to help determine how different types of opportunites meagaiast financial, environmental,
and social indicators.

Compost Markets in the Twin Cities Metro Region

As was mentioned in the processing section, the currenordtep off (“tip”) SSO at a transfer
station or compost facility in the Twin Cities is apparettiyparable with the cost per ton as
tipping trash to an incinerator. However, this comparison doemketinto account that the tip
fees at incinerators are off-set by government subsidiexafaple, the Ramsey/Washington
County Resource Recovery Project, an incinerator located inpdégty Minnesota, receives
about $10 million in subsidies from Ramsey and Washington Coeatiesyear
(Ramsey/Washington County Resource Recovery Project 2012).



In the case of composting, this tijFinished Compos

fee, combined with the sale of the

finished product, covers the cost

of processing compost. As the

value of the finished product

increases, the cost of tipping the

material could potentially

decrease. This has proven true

with the development of recycling

markets over the past twenty

years; the value of the materials is

now generally greater than the

cost of processing. Most city

recycling contracts in the Twin

Cities area receive a share of the

revenue from the sale of their recycling, a practice pieddsr Eureka Recycling to demonstrate
the value of recyclable materials. As the value of fingslmedost increases due to the
development of compost markets, the value of this matellialse become more widely
understood.

There are currently two compost facilities within an hour offthen Cities that are permitted to
accept SSO: Shakopee Mdewakanton Sioux Community Faaiit$pecialized Environmental
Technologies (SET). These two facilities have greatlyasedethe compost processing capacity
in the region over the past three years.

R. Alexander Associates, Inc. surveyed the current compokéetand researched both industrial
compost processing facilities in the region as well dgyegtien centers selling local compost.
This survey found that current markets for compost productswmithihorticultural sector in the
Twin Cities have not matured as much as they have in othex gfattie country. While the
product does serve as a well-known soil amendment to thedpnmgstrade and the Minnesota
Department of Transportation, composters stated that mokeisvagquired to expand compost
markets and increase its value. With the recent recessinpgst value has decreased and sales
are slightly stagnant. This circumstance is expected diffioglt economic times, and should be
seen as a temporary anomaly.

In the Twin Cities compost market many regional compostérhee bulk compost directly to
residents. In many other markets, this is primarily dooedgirbulk material resellers (e.g.,
garden centers, topsoil yards, etc.). When compostetgeslly to the public at a price that is
lower than the retail market price, it provides a disitigce to garden centers and landscape
supply yards to carry the product. Based on the reseligested, it is apparent that many of
them still carry bulk compost, and do so at only a sligbttyedsed price. Many resellers,
including mass merchants, also sell compost in bagged form.

It should be noted that environmental applications of compostéeogion control, rain gardens,
etc.) are growing in the Twin Cities, which is a positiigg $or the marketplace. Both
composters and resellers are also producing a varietytyfiesonixes containing compost,
which is a sign of a maturing marketplace. The compostetpaice in the Twin Cities is a work



in progress that will require a concerted effort by sowsiaktors to unlock the economic,
environmental, and social benefits of compost derived frottylpoaduced SSO.

If a composter chooses to market their compost using in-hoftfséhstathe easiest professional
markets to approach would likely be landscapers anéneéelg., retail greenhouses, garden
centers, and landscape supply yards). Further, compostersetiozdmpost to or through
community gardens or consider retail sales through a locddithesly service. Chasing
conventional agricultural markets would not likely be fruitut,local and sustainable agriculture
could be. Additional research in this arena is suggestdueri-with the expected content of
paper and cardboard-based packaging in the compost, uséfmdarganic farms is not likely

to be allowed. Table 15 provides more detail about atyasf potential end markets.

Table 15—Summary of Marketing & End Use Options

Community Soil amendment or nutrient  Small, but steady end users, and there are maing fegion.
gardens source applied onto and/or  May demand a high quality product, but can somedipey
incorporated into the soil retail prices.

Soil Amendment  Soil amendment incorporated This is likely the largest and highest paying nhaakel will

for Industrial Soils into landscape and turf soils readily accept a quality product. They will pay tégil
(in-situ), component to price, but larger buyers will demand discountss Tinarket
blended soils (ex-situ) and also includes resellers (who sell to homeownethdee same
specialty mixes used out of  applications). There is a growing interest in emvitental

doors sustainability within this market segment.

Specialty/ Component to various potting Small market, because they only use a portionrapost in

Greenhouses media blends their growing media. Will demand a very high qualit
(greenhouse/container) product, and will only pay the wholesale price.sTisia slow

to develop market (risk adverse).

Agriculture Soil amendment or nutrient  Large potential market, but economics are difficult
source applied onto and/or  substantiate because of distance to market, spyeadts and
incorporated into the soil dominance of low value crops grown in the region.

Urban Agriculture  Soil amendment or nutrient Local and sustainable farmers located in closanjiyoto
source applied onto and/or  the processing facility are a likely market. THiasaers do

incorporated into the soil not have the same constraints as certified orfgamers.
Organic Soil amendment or nutrient ~ Small, but expanding market that pays higher piicésput
agriculture source applied onto and/or  materials. Content of paper and cardboard in ti@ 188kes
incorporated into the soil product approval for USDA Organic Certificationyaigh
OMRI unlikely at this time.
Landfill Cover Compost used as intermediatéow value use, but requires a lower product spat ife
or final cover on landfills contaminated with inerts). Deemed by many as & 'non

recycling' option of usage
Reuse—animal Raw food waste as dog/hog Mixed nature of residential SSO (including highgrap
feed food content) makes this application unlikely.

Market analysis shows that regional composters are cumarkiting product for $8.50 to
$13.00 per cubic yard on a wholesale basis (to professistoahers), and $12.00 to $18.00 per
cubic yard on a retail basis (to non-professionals). Thess @xclude hauling, which is
important to note as most composters are not located in urlzmnaare therefore the cost of
transportation can be significant. Regional garden cengesslang compost on a retail basis for
$25.00 to $45.00 per cubic yard without hauling.



Challenges and Opportunities

There are several large composters producing substattigdtpjuantities. Most do not employ
full time compost marketing staff, which is one reason fastggated growth of compost
markets in the area. As mentioned above, the current nfeaket significant range in sale price
without significant differentiation in product quality and grade

All current SSO processors utilize aerobic systemsemmgbe analysis of anaerobic digestion,
the compost end-product would have lower quality. This loweritywabuld most likely be
represented in compost product pricing. However, further asisalyould be needed once such
systems come on line and are selling compost product into thesateand retail markets,
particularly those applicable to more urban contexts.



Data and Analysis of Options for Use of Finishpd<Co

Financial

Market analysis shows that regional composters are cumanikting their product for $8.50 to
$13.00 per cubic yard on a wholesale basis (to professistoahers), and $12.00 to $18.00 per
cubic yard on a retail basis (to non-professionals). Thess @xclude hauling, which is
important to note as most composters are not located in urlzmnaane therefore the cost of
transportation can be significant. Regional garden centessllang compost on a retail basis for
$25.00 to $45.00 per cubic yard without hauling. Bagged ostrippm other parts of the
country is being sold locally, indicating a growing demankendcal marketplace.

Even in situations where finished compost is not sold, it isl tsdihow the market value of the
compost as an indication of what residents would have spent oostamnertilizer if they had
not, for example, had access to the compost created it#okiyard bins.

Financial Analysis
Finished compost has financial value, and that value is rast geveloped as in other
parts of the country.
Although compost produced in backyards would not necessasbldygepresenting the
economic value of this material can show what Saint Pawdmesiglould otherwise pay
to purchase this compost if they had not created it in theirlmekyard bins.

Environmental and Human Health

The fertilizer offset data used in the LCA in the prongssection shows that for every cubic yard
of compost used to replace petrochemical fertilizers, ih&48.82 in avoided environmental and
public health costs. This calculation is shown in Table 16 baluhis explained in greater detail

in the initial explanation of the Life Cycle Analysis thegibs on page 5.

Because the fertilizer offset was the only indicator useeddsure the environmental impact of
the end use of the finished compost, no differentiation could de between the environmental
impacts of different uses (such as soil amendments fordavdesis, and farms, or erosion
control along roads and waterways).

Table 16—Avoided Environmental and Public Health CostCRbic Yard of Finished Compost
Human Human Human

Ecosystems

Climate

Change Health- Health- Health- Eutrophication Acidification Toxicity Total
9 Pparticulates Toxics Carcinogens
eCQO ePM, eToluene  eBenzene eN eSQ e2,4-D
($23.66) ($10.48)  ($13.07) ($0.49) ($0.00) ($1.06) ($0.06)  ($48.82)

When considering the best end use of compost, the following tsesiediuld be considered
(Favoino 2008):
Displaced production of synthetic fertilizers and pesticide to their replacement by
compost.
Reduced nitrous oxide emissions as a result of reduced yre¢hetis fertilizers.
Lower irrigation water demands.



Improved soil tilth and workability.
Enhanced soil carbon sequestration.
Reduced leaching of minerals from soil due to increased orgatter in the soil.

Further research is needed to assess the different envirdrame isiacial benefits of end use
options.

Environmental and Human Health Analysis
Finished compost has clear environmental benefits when compasedg petro-
chemical fertilizers.
More research is needed to identify whether different endpismns have different
environmental benefits.

Social Impact

The following sections provide a summary of the social bedafishat were used in the analysis
of marketing and end use options, including job creation, thecploddilth impacts of using
compost, and the direct benefits to residents resultinguserof the finished compost.

Jobs Created

There are no direct jobs created related to marketindhtéheg not already been covered in
previous sections. Jobs related to prevention options arsergjgckin the collection section. In
the processing section, marketing and compost sales jobsaketed in the estimated number
of jobs created for each processing method. Additional upsarehdownstream job creation was
not calculated within the scope of this study.

Further research is needed to assess if the number of mggaketisales jobs vary based on the
processing method or end use option.

Public Health Impacts

By purchasing and using compost instead of fertilizers sheeagnificant reduction in human
health costs. This reduction comes from avoiding the pollutiorotitairs during the production
of petro-chemical fertilizers.

Table 17—Public Health Impacts Per Ton of Using Compasield of Petro-chemical Fertilizer

Public Health Costs of Public Health Costs ol Public Health Costs of Total Avoided or
Particulate Emissions Toxic Emissions Carcinogenic Emission Incurred Health
Impacts

ePM,, eToluene eBenzene
($10.48) ($13.07) ($0.49) ($24.04)

Direct Benefit to Residents

Access to finished compost not only impacts the health of awaitgis soil, but also improves
the health of the community itself in many ways. Most commuriige some contaminated
soils and will have to pay to remediate them. Saint Pdsibseicontaminated with lead,
cadmium, and arsenic, and adding compost increases the argtar in the soil, making
“metals less mobile in the soil and lessen(ing) the amoentuakby the plants” (Minnesota
Institute for Sustainable Agriculture 2010).



Community gardens also rely on compost to revitalize urbamkoiing them to grow quality
food and keep gardeners engaged. Based on a study done YoNewell-kept community
gardens had a direct effect on housing prices (Been B0@6pr neighborhoods, the gardens
raised housing prices by almost 10% in the five yearthaftevere initiated.

In addition, finished compost creates the following directfiisne
Finished compost can be a powerful tool for community-building whisruised as a
resource to support existing local food and community gardeningmamis.
Residents who compost in their backyards do not have to purchieg®st or petro-
chemical fertilizers.
Access to compost enables growth of local, healthy food. Mestaoitnmunity gardens
can help to provide access to affordable local, healthy food.
Further research needed as to the exact relationship betwess t affordable compost
and cost to residents of local, healthy food from urban or aunasf

Social Impact Analysis
When finished compost is returned to the community, it createsnerable social
benefits. For example, compost is one of the best waydtalire contaminated urban
soils, and is a vital component to community gardening, whichdesshown to
increase the value of surrounding houses.
Currently, there is not enough data to complete a comparisdwe afifference in social
benefits created by each of the possible end uses ofificashpost.



Use of Finished Compost Findings

In the current market, finished compost from Saint Paul caukbldl for up to $45 per
yard, and this value will increase over the long term asothpost market develops.
There is a critical need for healthy soil everywheregapdcially in urban communities
like Saint Paul, where soils are contaminated with leddyigm, and arsenic. Adding
compost is one of the best ways to remediate this contamgméited

As a soil amendment compost has many uses, such as fouptg,grommunity
gardens, lawns, farms, and parks. Compost also aids eowgrol along roadside beds
and waterways. Any time compost is used to displace Ipetnazal fertilizers, $48.82 in
environmental and human health costs are saved per ton of hcatepasted.

Finished compost can also be a powerful tool for community-bundnag it is used as a
resource to support existing local food and community-gardeningments.
Community gardens have a direct effect on housing pricesais aleere they are well
kept, and consistent access to compost is critical for farpagrs and community
gardeners.

Residents who compost in their backyards do not have to purchiarg®st or
petrochemical fertilizers.



Zero-Waste Composting Recommendations

The recommendations are based on our comparative analysibéddselow and detailed in the
full report), which was conducted in Saint Paul, Minnesota. Tinetiags are the key elements

that distinguish a successful zero-waste composting progtameaelevant for any zero-waste

composting program.

Prevention

All composting programs should include a prevention componentribatii@ges residents to

prevent wasted food and to compost in their backyard. Premastoy far the most cost-effective

and environmentally beneficial way to manage food waste.
Prevention programs completely eliminate transportatiorsiemsssince the material is
reduced or handled on site. Avoiding transportation savesdme$e37 and $52.65 per
ton in environmental and human health costs (depending on how the $8i@csed).
While not all organic waste is preventable (like baneels)or possible to compost in a
backyard (like meat or nonrecyclable paper), includingeption with another collection
method can reduce the per-ton program costs by more than $h00/t

Co-Collection

After as much prevention as possible, collection of the remge&380 should be designed to

leverage a community’s existing infrastructure to moseefficcollect material with the lowest

costs and least transportation emissions.
Co-collection of composting with another material on one truck redube number of
trucks needed for collection. A dedicated route costs oves & much as co-collection
with yard waste and nearly 1.5 times more than co-caleutith recycling. The
emissions from a dedicated route have an environmentalmost aix times more
harmful than co-collection with yard waste or recycling.
In Saint Paul the least expensive collection method is @etioil of SSO with recycling
(in a separate compartment on the same trucks). Commin§gvEh yard waste (in
the same compartment in the same truck) has the lowesecashpbut the net cost
would be over twice as much as co-collection with recycliigs is true because Saint
Paul currently has an organized curbside collection infras&dot recycling and none
for yard waste. Therefore, co-collection with yard wasiald/zadd the cost of collecting
the additional yard waste into the equation. In cities that baisting yard waste
collection, the analysis would differ.

Drop-off Collection

Drop-off sites should not be considered as a main strategpflémting SSO from a large urban

community like Saint Paul because of its comparatively bgjhlarge impact from emissions,

and low participation rate. However, drop-offs can playrgortant role in providing immediate

access to all residents during a new program rollout or toltogein multifamily buildings.
The emissions from drop-offs are 38 times more environmehéaittyful per ton
compared to co-collection. This is because of the high emissiansesidents’ vehicles
making dedicated trips to the drop-off site every wBadicated trips are most likely
because it is difficult and/or undesirable to combine tipisvith an existing trip when
hauling food waste in a compost bin in a car.
Drop-offs have low participation rates. Study results shaw\ka8 times as much
material is recovered from a curbside collection progessus a drop-off site program.



The per ton cost of a drop-off program is 40% more than theo€ascurbside program
that uses co-collection with recycling.

Adding compost collection to an existing recycling drop-tédfcan mitigate some of the
cost impact, however the nature of hauling food waste in ailtatilvresult in high
emissions from dedicated trips.

SSO Processing

After as much prevention as possible, the remaining reald@®@® should be brought to a

facility that will compost the material aerobically (sag a static pile or windrow, as opposed

to anaerobic digestion). Aerobic composting provides thebasbmic, social, and

environmental benefits.
Preventing wasted food provides the greatest environmeptttitmy reducing the
upstream production and transportation emissions; it cneatésnes more
environmental benefits than co-collection with recycling anobéecompost processing.
Aerobic composting methods (which are the methods most commodiypys®mpost
processors) provide a savings of $83 per ton in environmahtali@man health costs
when compared with disposal. For this analysis, the impalispos$al were calculated
using the average current disposal methods in Saint Pauir@éfoand 66%
incineration, taking into account energy generation from incineratolnfrom landfill
methane capture.
While anaerobic digestion (AD) processing methods do geaemateenvironmental
benefit, aerobic composting methods result in almost twitamg environmental
benefits than dry AD and four times more than wet AD—evear &dttoring in the
benefit of energy production from AD. Also, this analysis stiatshe type and volume
of material produced in a residential program is not wigdidsto AD because its
composition is highly variable and it has a relativelyBtwwalue per ton of input due to
its high paper content.
Any facility should be appropriately sized. With zerotevasmposting, it is important to
consider that the amount and type of material to be procesisedange because of
future food waste reduction, packaging legislation, and bdagmposting efforts.
Overbuilding capacity for recycling or composting, as we Bagn done with waste
disposal, inhibits prevention because the facility is fallgriouilt to work at a larger size,
thereby creating economic and political pressure to detiwes tons to the facility, not
reduce how much goes there.

Use of Finished Compost

A mechanism to use finished compost locally—and funding fam#atanism—should be built

into a composting program to maximize the community’s benefits.
There is a critical need for healthy soil everywhereogsfy in urban communities like
Saint Paul. Using compost to displace petrochemicalzEedibaves $48.82 in
environmental and human health costs for every ton of compost used.
Bringing finished compost back to a community can be a poweduior community
building—especially when used as soil remediation or a resowapport existing local
food and community gardening movements. As demand for finishgebsbmcreases, it
will be important for communities to prioritize and estabiechanisms that ensure the
community benefits from the compost and supports how the complistrisuted.



Although finished-compost return adds to the cost of the progaalns surrently being
shipped in at a greater cost to the community from other phitie state, and sometimes
even from out of state.

Leveraging Existing Infrastructure
A community’s composting program should be designed to uti@zexpand on existing
infrastructure. This approach improves cost-effectivepasmimizing capital expenses and
allowing for efficiencies of scale. It improves environrh@nteact by reducing the number of
trucks and processing equipment required. It also improeential benefits of the program by
increasing access to residents and providing a compreleehgiggon message that ties together
related issues.
For prevention, an education campaign can be combined with atligoemental issues
that are important in the community (such as energy conservation).
As demonstrated above, using the existing recycling inftasé for collection provides
significant environmental and economic benefits. The same wetideowith expanding
an existing recycling drop-off site to include compost.
Utilizing existing processing capacity is significarddoess the cost effectiveness of a
program. As discussed in detail in the full report, |agpde facilities have significantly
lower processing costs. When possible, utilizing an exastifigyfin a community can
allow a smaller program to benefit from lower processisig evithout building a facility.

Alternative Options

As part of this study, alternative systems such abédation and composting at community
gardens were studied. There were numerous benefits tanlediseds; however, in the context
of a citywide program, they were not included in this evelnalue to limited scalability or
logistical constraints. More information about these methodsdaurd in the full report.



Local Context: Zero Waste in Saint Paul

A detailed, triple bottom line analysis requires the gathef data that is specific to every
community. Every program has unique features and exisksdal @ontext. Below is a
description of the context in which we did this work.

As a nonprofit organization, Eureka Recycling offers this répother communities as a
demonstration of how this type of analysis could support therorkirvg towards their own
zero-waste goals, just as the results of this reposuppbrt Eureka Recycling in continuing to
work with the City of Saint Paul in pursuit of the City’s zavaste goals.

Recycling, Eureka Recycling, and Zero Waste iRgbhin

A feature of Saint Paul's program is that it has partmétied nonprofit organization in the
delivery of its source reduction, recycling, and compostiogy@ms for over 20 years. Eureka
Recycling is one of only a handful of nonprofit organizations in the pptht focuses
exclusively on zero waste and has been Saint Paul's partmesrfa decade. Saint Paul is
recognized in the country (as is Ramsey County, whose populaservedd mostly by Eureka
Recycling) as a leader in recycling programs with &lregyrate that is usually reached only by
cities with bottle deposit legislation. Unfortunately, Minnastiies not have any such laws.

Saint Paul’s partnership with a nonprofit organization for iagylmegan in the early days of

curbside recycling. Recycling started in the neighborhoo8aiat Paul, and when it grew
beyond fledgling capacity, the City enlisted the SaintRaighborhood Energy Consortium
(NEC) to help with recycling. This partnership grounded bothrttaagement of the service
contract (with a local hauler) and the education for the pnogvith a nonprofit that was
mission-driven to ensure program decisions were made &spensive to the community and
for the highest environmental benefits. Since its beginnirysirg in Saint Paul has been
organized under one contract, which includes all residential (me¢just homeowners, but
apartment and condominium dwellers, too—another first in the cguat by Pat Schoenecker
and others at NEC).

In the late 1990s, the Twin Cities experienced a monopuizaf the recycling infrastructure.
The NEC convened the neighborhoods, Ramsey County, the City of 8aut and other
interested parties to determine how to address the situattbrgding limited processing capacity,
consolidation, and increasing prices for the same levelicEseSince Ramsey County ceased
support for its recycling processing capacity, small awdetd have to take their materials to a
sole multinational competitor, greatly reducing their aliitytay in or enter the market.

In 2000, the NEC decided to launch a separate nonprofit Gra@om to focus on zero waste,
directly provide recycling and processing services @ithef Saint Paul and surrounding cities,
and open up competitive processing for small haulers. Timsda#sat the community’s recycling
efforts could stay local where the greatest economic bemdfitbe had. The City of Saint Paul
could stave off fee increases of 40%, which had been prayyaedsubcontractor (Waste
Management, Inc.). The City could also ensure that continued #oluead advocacy would be
at the heart of the work, because Eureka Recycling’s siggese as a community-based
nonprofit was and is to meet the city’s zero-waste goals.



In 2003, Eureka Recycling and the City of Saint Paul pagthty make significant changes to
the recycling program, adding plastics and bottles taaeidislection and simplified sorting to
two streams: paper and containers. At that time, both ERe&ycling and the City set their
sights on composting. In 2005, Eureka Recycling and the CBamit Paul conducted the Saint
Paul Environmental Roundtable, which led to the city’s “zerstevdy 2020” goal, established
by the citizens of Saint Paul, which included, among other igsc curbside collection of
composting.

Over the past decade, there have been multiple pilotidress questions of how to best add
composting. In 2012, Eureka Recycling made a proposal @ithéo move toward its zero-
waste goal. The City of Saint Paul is currently conductingoigqoprocess to gather input from
the community and key stakeholders about composting and othertssistermine future
program initiatives and services.

Garbage in Saint Paul

Garbage collection in Saint Paul is not organized by the [&ityather is an open system where
residents hire their own garbage companies for servidgdeRtsscan chose from many local
haulers and some multinational companies. Right now the Cityirf Bzul is looking at the
pros and cons of organized garbage collection.

Ramsey County, where Saint Paul is located, is heavilyteavi@sincineration as its preferred
management system for garbage disposal over landfiimgelk County collects a tax through
the garbage haulers. The majority of this tax is used tdigelibe Resource Recovery Project,
a refuse-derived fuel facility, which incentivizes hatdense this facility over landfills that have
lower fees. This facility ships its product to faciliid®ed Wing and Mankato, Minnesota, to be
burned. In 2011, the county collected $16.9 million fronpters, approximately half of that
from Saint Paul residents. Residents see this as the Cowiryninental Charge on their
garbage bill. There is a $12 million balance from tinid but it is being allocated for the debt
service to purchase land on an old army ammunition site imAdile, Minnesota. The site will
be cleaned up and sold to developers. According to RaGimeyy, an $8 million balance will
remain in the fund. An additional $17.2 million will be caketin 2013, with approximately half
of that money coming from Saint Paul residents.

Overview of Region and Regulatory Environment

Saint Paul and Minneapolis, known as the Twin Cities, dfeatenter of the Twin Cities
seven-county metropolitan area, which is home to 2.8 million lpedgetropolitan Council

2012). This large population base and the Twin Citieenskte suburbs are ideally suited for the
use of compost. As illustrated in Table 18, this largelgign base also supports a substantial
horticultural (lawn & garden) industry.
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Table 18—Horticultural Business Demographics near the TitigsC

© Anoka 3 31 0 12 5 3 0 10 64
?<; Carver 5 37 2 10 4 0 1 10 69
= Dakota 14 64 5 27 10 7 2 21 150
E Hennepin 58 184 5 58 9 7 3 37 361
S Ramsey 7 54 2 31 11 5 4 11 125
S Scott 7 39 1 10 6 1 1 4 69
™ | washington 12 53 2 21 8 6 0 11 113
—~  Chisago 4 10 3 5 0 0 0 2 24
= Isanti 1 4 1 0 0 0 3 15
£ Sherbume 1 14 1 8 1 5 0o 7 37
© Wright 2 41 1 11 1 1 1 7 65
Pierce 1 13 1 6 0 0 0 3 24
St. Croix 6 38 0 12 3 1 0 5 65
Totals 121 582 24 217 58 36 12 131 1,181

Agricultural statistics identify that the counties surrountiedwin Cities grow a large volume
of grain crops, while that region’s second largest crop arpeaesthetic in nature (e.g., nursery,
greenhouse, and floriculture crops, and sod). Because of therpatervalue of grain crops,
compost would not likely be used in their production. Finally,gtse many community
gardens (300 in the Twin Cities) and a strong ‘locally gréood movement that includes a
trend of backyard gardening to grow food as well as cons@mend for locally grown
products. Both of these trends bode well for compost usagen©m@nd sustainable farming is
also on the rise.

The state of Minnesota has strongly supported compostiryastel management technology
and as such possesses a somewhat mature composting indwstver Hhe composting industry
is hampered on two fronts. One is the manner in which it hanélesifling of all of its
composting facilities. And the second is the lack of infcaiste dedicated to marketing the
finished compost.

Like many other states, Minnesota’s approach to composy fagitnitting creates different
standards for yard waste composting and for SSO compostidgvaste composting facilities
have fewer regulations in facility siting and design.résudt, it is much easier to establish a yard
waste composting facility that accepts only leaves,ardssnall woody materials. Any
compostable stream that includes SSO must be handlettdahatsomplies with a stricter set of
regulations. Existing and proposed rules contemplate sitgeansera of leachate, permeability
limits for pads, roads, and settling ponds, larger kgtlad stricter testing requirements, which
all raise the capital and operating costs of thesedscilit

The origin of these strict regulations can be traced batble tearly 1990s when the state of

Minnesota invested in Municipal Solid Waste (MSW) Composkit&WV Composting is the
process by which waste is “composted” to microbiologicallyatle the organic, biodegradable
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portion of the waste stream. This form of solid waste mareagevas designed to reduce the
amount of waste that would otherwise end up in landfills, amak isue composting, since it
does not create a valuable soil amendment. In Minnesota, M8§p@ting was not successful,
however, it was the state’s first effort at compostingeinithe precedent for many of the rules
still in effect. The regulations for SSO in Minnesota arebstited for a landfill than a compost
pile. Minnesota’s composting rules are currently being detaid® less restrictive, and an
allowance has been made for community-level composters watd like to compost garden
wastes along with some household organics at local siteswé#inaum of 80 cubic yards of
material.

Interest in Anaerobic Digestion

Anaerobic digestion (AD) is a processing method for sour@aatsporganics (SSO) that can
generate energy, and the resulting digestate can be cairposteate a soil amendment. AD has
appealed to some communities throughout the nation that are loakingys to reduce waste
and generate local, sustainable sources of energy. This tegmblegpming more widely used
throughout the European Union, with more than 70 new plants instaéégeen 2006 and 2010
(De Baere 2010). According BioCyclenagazine, in 2011 there were 167 digesters operating in
the United States, with the vast majority of them beindlsfaan-scale systems that process
livestock manure. Eleven of these were centralized regigstains (Costa 2011).

The Twin Cities of Saint Paul and Minneapolis, Minnesota arexception. In recent years, a
number of local groups have completed AD feasibility stodsesi on waste data for the region.
Most recently, in 2009, the Ramsey Washington Counties Res&&cevery Project Board and
the Saint Paul Port Authority published a feasibility stoatylboked at AD as an option for
processing SSO. Their study provides a valuable analybist af would take to build an
anaerobic digester in the Twin Cities, as well as ofdheatgy of SSO such a system would
require. However, their study was not designed to take-depth look at what it would take to
collect the residential SSO feedstock that would be nesegifesbdstock for the AD system. Their
study estimates potential SSO feedstock based onmtataddy the eight counties surrounding
the Twin Cities, and notes that further study is needed tp dullerstand the market for this
feedstock (Foth Infrastructure & Environment, LLC 2009).

Zero-Waste Composting Proposal for Saint Paul

Eureka Recycling created a proposal for a zero-wasteostimgp program for the City of Saint
Paul based on the recommendations in this report. Here we deater®w the data in this
report was applied to create the proposal for comprehenitywede, community, zero-waste
compost program in Saint Paul, which can be found in full at wvakedirtnotwaste.org.

For the proposal, Eureka Recycling integrated prevention andagiing into the existing
infrastructure and local resources to maximize the socimbrenental, and economic benefits
for Saint Paul. For example: Our prevention education is delsigriee combined with other
community efforts. This community program uses the existiryglneg infrastructure to collect
SSO in separate compartments on the same trucks. Theistirgggorocessing capacity for
aerobic composting in the Twin Cities, so we are able teeaeta much lower cost using a tip
fee at an existing facility.

Table 19 below is a summary of the economic and environnegiadf all of the options
explored in this report.
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Table 19—Comparison of Economic and Environmental Costs andi8dfer Ton

)

) 4 o 153
26 'H - 1 5% 3
# I/ 1 9%65%% 5
(9 )1 // 0
# ' 7 ' +63 S 5%
9+ 11945 | "5 %
) (: 1 A
” ’ 463 5%% 5%
1$$$ 0
& 5%% 1 5"3
&5%% 1 5"3
15%% 1 5"3
"5%% 1 5!3
0/40/0
#it 8 7%%% 1$5& 3
&%5%% 1%$5 3
o) - )T+ 7 8 1 = "
VY 1 5%9%0 1 5"3
, 5 ) = 0
+ # ( 00 3 5 %5

*Tip fee as of May, 2013

**34% landfill and 66% incineration, taking taardenergy generation from incineratiorieardiiromathane capture.

To create a proposal for Saint Paul, Eureka Recyclingoekdtad participation and volume
estimates from years of collection data, studies, anieexpeeto calculate the complete program
costs and benefits, as outlined in Table 20 below. A to8848 tons of SSO is projected to be
diverted from disposal througieventiorand composting collection at an average cost of
$244.38/ton, resulting in a net environmental benefit of &Bdon. Without prevention, total
costs for a similar amount of material to be collectecicledmnly would average $341.03/ton
with an average environmental benefit of $77.93/ton. To pretrengeneration of this material
(instead of collecting it in trucks) saves the City oteniflion each year and brings an additional
$17,000 in environmental savings to the community.
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Table 20—Estimated Costs and Benefits for Proposed¥aste Composting Program in Saint Paul
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It is important to note that these calculations do not includedBesavings associated with less

trash and less waste. In Saint Paul, we calculatetdlatdrage resident could reduce their

garbage bill by an average of $2.50/month by reducingdheirage service just one level, and
they can save even more by preventing wasting food. Thegav®aint Paul household wastes up

to $96/month in food that could have been eaten. Citywides¢hgavings can outweigh the

entire cost of the program for the residents, while providigg $700,000 in annual

environmental benefits.
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Recommendations for Further Study of Zero-Waste
Composting

As a first look at the whole picture of zero-waste compgstis report provides a basic analysis
framework for impact of prevention, collection, processingeadduse applications of residential
SSO. As we studied this work and continue to look more closera-waste composting, we
uncover additional questions, ideas, and concerns. As a nongarfization, Eureka Recycling
is dedicated to this conversation and to bringing zero-wastposting to communities. When
applying any zero-waste initiative locally, we carefntpitor the real-world impact to learn and
share even more. The following are recommendations for furtilystfor Eureka Recycling

and for others—to enrich our collective understanding of zertewamposting and its impacts
on communities.

Develop prevention programs. This analysis has illustrated the immense value of these
programs. Further research and development is recommendecdetse participation and thus
increase prevention—the most valuable aspect of a zémewsagposting program. We already
know that community-based education and outreach have a laspagtion individuals’ efforts
to prevent and compost food waste, however, more community antglodill is needed to
bring targeted education and outreach programs to every corymunit

Ensure the use of compost in the community, which is  the most beneficial place to
use compost. While a handful composting collection programs do return compadiseir
individual customers, more can be done to ensure that the switlament created is valued as a
community resource and used in a way that creates thesfjieagsible benefit for the
community as a whole. This work involves:
> An analysis and understating of a community’s need for compbsatgn including the
economic, social, and environmental benefits,
> Conducting a community process to develop criteria to prierthe use of the compost
for the greatest overall community benefit and to ensurehtbatistribution of the
compost is endorsed by the community and does not cause addivioitiat over this
limited resource, and
> Creating methods for measuring the effectiveness of theadiopliof compost to the
selected soill.

Develop more thorough social impacts/benefits analysis . In recent years, much has been
done to expand our analysis of environmental impacts and baNefit®w need social
indicators that can be summed up in a concise, yet thoroughlefégry Morris is a leader in the
development of environmental indicators that have social atiphe, specifically related to
public health impacts. Eureka Recycling and others workimmpomwaste have used these to
evaluate some of the social impacts of composting, re¢yimhgther zero-waste initiatives. Mr.
Morris concurs that these are not complete social indicatorgaskaheeds to be done to further
identify and measure social indicators. Extensive worlekasdione in other fields to develop
methods to evaluate social impact and further work is needeok at applying and adapting
these methods to evaluate zero-waste efforts and to wn@sgesal acceptance for these indicators
in the field of zero waste. For example, a May 2013 répmnt the Institute for Local Self-
Reliance’s Composting Makes $en$e Profeay, Dirt: Composting in Maryland to Reduce

66



Waste, Create Jobs, & Protect the Biycuments the potential to create jobs by composting
instead of disposal.

Explore how community-garden efforts complement a co mprehensive citywide
program . Processing citywide residential SSO at urban commumdgrgais not feasible on a
citywide scale as there are many challenges to astgldisared compost piles in community
gardens. However, there are also many merits of commuandgry composting piles, which
could make them great complements to a comprehensive @typnodram. Efforts to establish
public compost piles at community garden sites tend to benaaity-driven, contribute to
community-building efforts, and the compost is used by the samunity to grow food.

Composting at community gardens is limited in capacity bp8tdie regulation and overall
capacity. Current state regulation allows community gardexmripost up to 80 cubic yards at
one time. Any amount over that amount requires additional pengnit€tommunity gardens
cannot fulfill the size required to address citywide commgoséeds and cannot accept all items
that can be composted. Residential SSO includes nonrecysaplele meat, and dairy products.

Composting of residential SSO requires different manag@maatices than community compost
piles that compost more vegetative feedstock, whicheis mfanaged by volunteers. Processing
all SSO tons from residential collection at urban commuaityems requires year-round
processing which is not possible for most community gardenagig odor and pests are major
issues when composting large amounts of SSO. Drop-offs of arfa¢enchallenges in getting
consistent materials, as well as quality and contamieamtyéiterials. SSO composting requires
training, coordination, and management outside the current scopengfvolunteer-based
community gardens.

Currently, students at the University of St. Thomas in Saiat &e studying community-garden
efforts to learn more about the role, benefits, and challehgeexmunity-garden drop-off sites
in Saint Paul.

Explore small in-vessel aerobic composting units to d etermine if they are viable

options for use in small-scale community projects. These units reduce odors, collection
impacts, and allow for very local (neighborhood-by-neighborhoa)essing and redistribution
of the soil to each community that generates it. Although opesdtcosts appear to be similar,
the capital costs on a per-ton basis are much higher when eohtpar centralized windrow or
aerated static pile composting system. There may beartwopty to work with community
gardens to process a portion of the residential SSO vesselcomposting; however, this will
require working with these community gardens to ensure year-nmamitoring and support
best management practices.

Analyze scenarios that make anaerobic digestion a suitable choice for residential SSO
feedstock. These could include anaerobic digestion of residential S&inibination with other
feedstock or adding partial-stream digestion to existimgasting facilities.

Use awareness-building about the benefits of composting to dispel myths and

misunderstandings about our current waste system. For example, many people in Ramsey
County do not know that the food scraps they send down their gadisgesals are destroyed in
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an incinerator after taking a long journey through the wastertesdisystem. Another common
misunderstanding is about food waste in landfills. Many pa@pseirprised to learn that organic
waste breaking down in a landfill (without oxygen) is theektrgource of humans’ methane
emissions, which is 70 times more potent than carbon dioxidsiens. Learning about the
benefits of composting can shift people’s understanding andobétvarard beneficial actions by
giving them a preferential and accessible option.
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Appendices

Appendix A: Definitions & Abbreviations
AD: anaerobic digestion.
Aerobic composting method: processing methods that allow SSO to break down in
the presence of oxygen, which prevents the creation of methamghemndjreenhouse
gases. Aerobic methods are the most commonly used SSOipgotettods.
Anaerobic digestion: a processing method that causes SSO to break down, in the
absence of oxygen, within a closed system that is desigrabbtt the resulting methane
gas and use it to generate energy.
Current disposal method: In this study, “current disposal method” is based on the
average disposal methods for the City of Saint Paul, wiei%&6 landfill and 66%
incineration. See Appendix E for details.
Digestate: the solid and liquid material that comes out of an anaera®stdin system.
Environmental and human health costs: This phrase, when used throughout this
study, refers to the estimated cost (or savings) redadachage to the environment and to
human health as assessed in the life cycle analysisetailed dxplanation of how this
was calculated, see page 5.
ICE: internal combustion engine.
Life Cycle Analysis (LCA): a method of measuring the full impact of a system on the
environment, using a number of specific environmental and humah mettators. A
full description of the life cycle analysis used in thiy studbe found on page 5.
MMBLtu : a unit of energy, representing one million Btu (British Theéfdrats).
Organic material: In this study, organic material is used as a generaigfenmng to
compostable materials such as food scraps food scrapdiagd, peasted food, non-
recyclable paper and certified products designed forasimg.
Source Separated Organics (SSO):residentially or commercially generated
compostable materials that have been separated bydbatresbusiness so that they can
be collected for composting. Materials include food sarappeelings, wasted food, non-
recyclable paper and certified products designed forasimg.
Triple Bottom Line: A triple bottom line approach is based on the evaluation of the
economic, social, and environmental impact of a project esidecFor a detailed
explanation, see page 5.
Wasted Food: a subset of SSO, this term refers to spoiled food thkt bave been
eaten at one point that is discarded in a composting or syassém.
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Appendix B: Sample Analysis

Eureka Recycling contracted with Woods End Laboratoriestdrmerform a composition
analysis of SSO from both the residential collection pilofrandEureka Recycling’s
commercial composting program, which works with restaurantsthadsmall businesses.

Eureka Recycling employees collected feedstock saamplagnt them to Woods End for
testing. This included two samples (one gallon each) totbd tesng wet digestion and one
sample (three gallons) for dry digestion from each of thertwgrams (residential and
commercial), for a total of six samples.

To get the residential samples, the SSO from one collecipwads tipped at Eureka Recycling’s
facility, and a group of employees did a waste sort ¢ordigte the contamination rate of the
load. In the waste sort, employees also separated aheéaviaigye, bulky non-recyclable paper
items such as frozen food boxes, paper ice cream cartopgzanbloxes, and weighed them
separately to ensure that they were included in the samplesurate proportions. Figure 10
shows the high non-recyclable paper content of the residefglvhich is a conservative
estimate of the amount of non-recyclable paper in the resti8&O because it excludes small
items like paper towels and tissues that were mixedhrfeod scraps.

Figure 10—Residential SSO Characterization from Waste Sort

@)

## 4

For the commercial samples, the SSO from one collection dalgraaght to Specialized
Environmental Technologies (SET) and put through a mixer to hrpdke large non-recyclable
paper items (like waxed produce boxes) and incorporatedbenty with the food waste. Eureka
Recycling staff then did a waste sort to determine the momééion rate of the load, and pulled
samples to send to the lab. Contamination was very low in bsithential and commercial
samples (less than 1%).

The samples were then sent to Woods End Laboratories to peeghdlhe purpose of the

analysis was to determine nutrient content of the SSO and pdtgeni production for dry and
wet AD processes. The dry AD process was unsuccessfalidgle pH. It did not appear that
Woods End attempted to mix the SSO with a bulking agenthfdry AD test, but attempted

73



the test on the SSO alone. Table 21 gives a summary oftanpmformation for composting or
anaerobic digestion.

Table 21—Summary of the SSO Composition Study

Density (Ibs/cy) 792 1,264 792 1,213
% Moisture 64.3 61.0 63.4 58.8
C:N ratio 29.7 19.8 24.6 9.2
%Total solids 35.7 39.0 36.6 41.2
%VS* 65.9 64.1 -
%N 0.585 1.005 0.698 1.890
%C 17.2 19.4 17.2 17.4
Heat Value of Biogas, Btu/tor 1,822,725 5,205,153
Cumulative Methane, % 36.5% 70%

*Woods End Laboratories could not assesslids|&bitedsy AD.

Woods End did not provide the proportion of carbon in the SSO. Tiop@rtion was calculated
with the following formula: C:N Ratio * % Nitrogen = % Carboletermining the proportion
of carbon is important for modeling both composting and anaergastdr systems.

Another important point for anaerobic digestion is the proportiorotatile solids (%VS) because
that is the portion of the solids that will break down to produethane. Previous research has
linked a high percentage of volatile solids to higher ratasgds production. However, this
relationship was not seen in the residential feedstock. Waifgercentage of volatile solids was
just as high as in the commercial feedstock, the heatingofdahesbiogas was significantly lower.
The heat value of the biogas from residential feedstocnlya35% of the commercial
feedstock. In addition, the cumulative methane content of gidartial feedstock is significantly
less than the 55-70% typically produced by an AD prde&ssr(ternational Ltd. 2005).
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Appendix C: Drop-off Emissions

In order to estimate the emissions from residents driwitigetdrop-off sites, the project team
used several pieces of information from the Ohio EPA, GRi&del, and U.S. Department of
Transportation (DOT) Federal Highway Administration. Sim@eording to the several sources,
light trucks do incur different fuel usage than cars, thébdisdn of vehicle demographics was
established with information from DOT. The finest resolutiors @wathe State of Minnesota
level, which held, in 2009 (the latest registrationsgelagailable), that light trucks made up
46.71% of the vehicle population and cars, 51.97% (U.S. Bgderal Highway Administration
2009). These proportions were used as the assumed makdrap-off visitor’s vehicles.

In order to attach appropriate emissions to both light truakears, the GREET model allowed
the use of an established source for 2005 model-year véiigesne National Laboratory &
U.S. Department of Energy 2011). Seven-year old vehigteesent a slightly newer than the
estimated average of a 10.8 year-old fleet in the UBitaids (R.L. Polk & Co. 2012). In Saint
Paul, a slightly newer fleet was assumed because ofthrgbger rate due to harsh winter
conditions and urban setting. Using a weighted average,dratiegl DOT vehicle

demographics, the drop-off emissions calculator determireceall average emissions rate per
mile driven, as shown in Table 22.

Table 22—Average Emissions for Light Trucks and Cab$ (20del Year)

Emissions and Use Trucks Cars Overall**
Gasoline Equivalent MPG 17.3 23.4 20.5
Exhaust VOC* 0.144 0.122 0.132
Evaporative VOC* 0.069 0.058 0.063
cox 3.916 3.745 3.826
NOx* 0.229 0.141 0.183
Exhaust PM10* 0.0122 0.0081 0.0100
Brake and Tire Wear PM10* 0.0205 0.0205 0.0205
Exhaust PM2.5* 0.0112 0.0075 0.0093
Brake and Tire Wear PM2.5* 0.0073 0.0073 0.0073
CH4* 0.0159 0.0146 0.0152
N20* 0.012 0.012 0.012

*grams per mile
**phased on weighted average of vehicle population

Source of data in Table 22: GREET 1 2011 Fueh@yldArgonne National Laboratory & U.S.
Department of Energy 2011)

An extensive survey-study was performed by the Ohio ERIetErmine drop-off site
effectiveness. They performed face-to-face surveydabp7off sites and 600 phone interviews in
both urban and rural locations. Results considering urban drajpesfivere used with results
showing up to more than 10 miles driven to these sites. Therefmissions were calculated
based on each mile driven and applied to the distributigisitdrs from different distances (Ohio
EPA 2004).

The Ohio EPA’s survey study produced a distribution ofraistéraveled to drop-off stations.
This distribution was used to proportionally determine tharmlists that people would travel
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based on the number of total visitors to a drop-off location.€fbes, in the future, a drop-off
site survey in Eureka Recycling’s service area coultyssoymt the number of visitors and apply
this assumed distribution.

Figure 11—Survey results from the Ohio EPA Showing Distanaecled by Drop-Off Visitors
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Appendix D: Detailed Compost Processing Costs

Costs of Windrow Composting

Each windrow compost site incurs separate and unique cdstsplanning, development, and
execution stages of the project. To gather the information ndededimate the costs of this
processing option, best practice principals were put late @nd an estimated price for
equipment was received from vendors where appropriaté&aCegsts for windrow composting
include: an engineered aggregate pad, windrow turner, laadap truck, and the standard
composting equipment described previously. The total estincapital cost for windrow
composting 16,000 tons per year is $1.92 million and $&ilBdn for 30,000 tons per year.

Annual operation and maintenance (O&M) costs include staffinigneent, building and site
maintenance, and energy used in processing. Staffing incugesent operators, maintenance
workers, supervisor, and a scale operator. Costs for witdroposting are estimated at
$345,000 for 16,000 tons per year and $530,000 fo43@8s per year.

Table 23—Summary of Windrow Composting System Costs

Total Tonnage(annui 16,647 tp 30,345 tp
Capital Tote $1,924,00 $2,350,00
Equipmen $939,00 $939,00

Site and Building $984,80 $1,411,00

O&M Total $345,00 $530,00
Labol $194,00 $304,00

Maintenanc $61,00! $78,001

Operating $89,00C $149,00

Full Time Employet 4 5.2

Site development, particularly the construction of the congabsurfaces, represents a
substantial portion of the overall cost of windrow compostingh©bptions considered in this
study, windrow composting requires the most land. With 161008 per year, windrow
composting requires 10.3 acres of land, and 6 acreg walgbired for holding immature
compost and the impermeable pad. In the 30,000 tons pesgezaario a 17.5 acre site would
need to be developed, 11 of which would hold active, immatarepost.

Costs of Aerated Static Pile Composting

To estimate the cost of an ASP composting site, bestceradinciples were used to determine
site development and equipment needs. Because ASP usaegisticated technology, venders
assisted on estimating equipment costs. Capital cosis AP system include: in-ground
aeration, an engineered aggregate pad, a bio filtexfrala®ntrol station to monitor and control
moisture and fans, and the standard composting equipmenbeidgcaviously.

The total estimated capital cost for an ASP composs$ §859 million to compost 16,000 tons a
year and $3.3 million to compost 30,000 tons a year. The aopetion and maintenance
(O&M) costs include staffing, equipment, building and sémt@nance, and energy used in
processing. Staffing includes equipment operators, mainteaaapervisor, and scale operator.
Annual O&M costs are estimated to be $409,000 for 16@@0per year and $567,000 for
30,000 tons per year.
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Table 24—Summary of Aerated Static Pile System Costs

Total Tonnage (annui 16,647 tp' 30,345 tp
Capital Tote $2,595,00 $3,295,91
Equipmen $1,804,00 $1,804,00

Site and Building $791,34 $1,491,91

O&M Total $409,00 $566,00
Laboi $222,00 $279,00

Maintenanc $77,00 $128,00

Operating $109,00( $159,00

Full Time Employet 4 5

An ASP compost system has a considerably smaller fodtanra wvindrow compost site. At the
16,000 tons per year level an ASP system requiresr&s8ad land, 1.9 acres of which will hold
immature compost and require the impermeable engineededptne 30,000 tons per year
scenario a 9.5 acre site would need to be developed;régiat which would hold active,
immature compost.

Costs of Covered ASP Composting

To estimate the costs of a covered ASP system, two |lgadohgcts (Gore and Engineered
Compost Systems) were evaluated. Both technologies ofidly glifferent advantages, but
overall were very comparable. Capital costs for the edVA&BP system include; in-ground
aeration, an engineered aggregate pad, a bio filterfrala®ntrol station to monitor and control
moisture and fans, covers, cover winders, and the standgrdstimg equipment described
previously. The total estimated capital cost for a covEs€dsystem composting 16,000 tons per
year is $3.8 million and $4.4 million for 30,000 tons a.yea

The annual operation and maintenance (O&M) costs include stafjuigment, building and
site maintenance, and energy used in processing. Staffiligsnetuipment operators,
maintenance workers, a supervisor, and scale operator. Ar&Mat@3ts are $436,000 to
compost 16,000 tons and $566,000 for 30,000 tons.

Table 25—Summary of Covered Aerated Static Pile Costs

Total Tonnage (annui 16,647 tp' 30,345 tp
Capital Tote $3,806,00 $4,484,00
Equipmen 2,319,00 2,499,00

Site and Building $758,00 1,000,00

O&M Total $436,00 $566,00
Labo $239,00 $279,00

Maintenanc $87,00! $128,00

Operating 109,001 $159,00

Full Time Employee 4.t 5

Because a covered ASP system makes compost more dguieklyires a smaller footprint than
the mass pile ASP system. At the 16,000 tons pereyehalcovered ASP system requires 4.6
acres of land, 0.9 acres of which will hold immature conguaktequire the impermeable
engineered pad. At the 30,000 tons per year scenaricaar@.2ite would need to be developed,
1.5 acres of which would hold active, immature compost.
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Costs of In-vessel Composting

To estimate the costs of in-vessel composting, an estisidor that offers a product of this
size (Hot Rot) was contacted. The capital cost for an iseVeystem includes the in-vessel
equipment, an engineered concrete pad, a dump truck, angle fsont end loader. The total
estimated capital cost for an in-vessel compost $eimillion to compost 16,000 tons per year
and $15.3 million to compost 30,000 tons per year.

The annual operation and maintenance (O&M) costs include staffgment, building and
site maintenance, and energy used in processing. Staffiigigsetiuipment operators,
maintenance workers, a supervisor, and scale operator. Ar&Mat@3ts are estimated to be
$383,000 for 16,000 tons per year and $518,000,000@0@tons per year.

Table 26—Summary of In-vessel System Costs

Total Tonnage (annui 16,647 tp 30,345 tpr
CapitalTotal $9,500,00 $15,300,0C
Equipmen $8,770,00 $14,470,0C

Site and Building $723,00 $835,00

O&M Total $383,00 $566,00
Labo $195,00 $195,00

Maintenanc $88,00! $147,00

Operating 100,001 $176,00

Full Time Employee BE BE

In-vessel systems offer the smallest possible fofdpgoimposting Saint Paul SSO, allow for
satellite processing areas, and can open the possibiigrating in an urban environment. At
16,000 tons per year an in-vessel system requires@5oéland, 0.7 acres of which will hold
immature compost and the required impermeable engineedethghe 30,000 tons per year
scenario a 5.3 acre site would need to be developed;res’ &t which would hold active,
immature compost.

In-vessel units can also be purchased and operated indiaduralline with a gradual roll-out
process. The in-vessel units specified in this reportthawapacity to process 1,000 tons per
year of SSO or approximately 2,800 tons per year includéengther added feedstock.
Implementing a gradual rollout process would reduce the upfapitatcost, and ensure
flexibility in planning.

If three sites were done, each with two units, they coull pamcess up to 2,000 tpy of SSO,
and cost approximately $3.5 million. Each site coulddsetien an acre, depending on traffic
patterns, the layout of the operation and if a scale is nodehedother option would be to

utilize a 25,000—50,000-square-foot building (depending donastorage and finished compost
storage needs) to house the entire operation. Carbon and congubdtikely need to be stored
throughout the non-growing season. For 2,000 tpy of SSO, appreting000 cubic yards or
more would need to be stored.

The in-vessel unit would also avoid the construction and operatithie dfansfer station that is

included in the collection costs of each option. The capitaixestimated at $1.0 million and
operation including hauling is estimated at $15 per ton.
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Dry Digestion Costs

Two dry digestion systems were evaluated as summarizalleé 6: a largsystem accepting
12,000 tons SSO per year and a smaller system acée@@i@gons per year SSO. In addition to
the SSO, an equal mass of bulking material (wood chips) weettito be added to the SSO. It
is assumed that the bulking material does not contribute twdgas generation and that the
material has no purchasing cost.

The larger dry digestion system is estimated to co& $@flon. This includes the AD system, as
well as compost facilities to compost the digestate arbtlees system. This cost was estimated
from costs for dry AD systems reported in literature.rédteannual O&M costs, including
revenue from excess heat sales and electricity genes&80v{000 for the larger system
(including O&M costs for composting the digestate). This equatan annual cost of $2.9
million, or $120 per ton of total material.

The smaller dry digestion system is estimated to c&dt ®dllion (including construction costs
for a facility to compost the digestate). The annual O&Mscars estimated to be $572,000. This
cost includes the savings resulting from the 18,000 MMBtugresrgy produced. The resulting
annual cost is 1.8 million, or $153 per ton of total material

Wet Digestion Costs

Each wet digestion system is different, requiring ditféggels of pretreatment, different building
and tank sizes, and different equipment requirements foostet digestion facilities found in
literature were used to create cost curves to estimateshper ton of input material. In addition
to the digestion system costs, costs for digestate ansl fmogassing were considered. This
included dewatering equipment and a building, compostiegilbiogas treatment, and an IC
engine. Contingency and engineering were also added for cerppbgect delivery costs. The
engineer’s estimate of probable cost for a 25,000 tonfyetatigestion system is $28.2 million.

The annual operation and maintenance (O&M) costs include stafifrgtenance and
replacement costs, water purchases, wastewater treadstenaind polymer for dewatering.
These costs are offset by the net energy produced. Otleeall&M costs were estimated to be
$1.3 million (including O&M costs for composting the digetatogether, the O&M and
capital cost result in an annualized cost of $3.8 milli@@@mper ton of total feedstock.
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Appendix E: Explanation of Current Disposal Method

Table 27 below shows the impact of landfilling and wast@eérgy per ton. It also combines the
two to create one number for the average current disposal meteddn Saint Paul. Currently
in Saint Paul, 34% of trash is sent to a landfill and 6&%itainerator.

Table 27—LCA Emissions Results for Current Disposal Mefihosl of emissions per ton of SSO)

eCOo2 ePM2.5 eToluene eBenzene eN eS02 e2.4-D
Landfill 1400.34 0.0388 -17.69 3.3814 0.1398 4.0094 0.0005
BERID 1 1060.8 0.0398 619.80 1.0336 0.0238 0.7287 0.0098
Energy
Current Dispose
Method for Saint 1.8318
Paul: 1175.77 0.03948 403.05 ) 0.06327 1.8441 0.0066

34% Landfill &
66% WTE

The data used to calculate the LCA emissions and environnnepagks in Table 27 are based
on the following assumptions:

Emissions from landfilling SSO today include emissions tgghever the subsequent 100
years.

Landfill gas capture efficiency of 75% indicates th&nkéll captures 75% of the
methane released from biodegradation of food scraps ov@0tlyedrs subsequent to
burial of the food scraps under anaerobic conditions in a lfandfil

Landfill ICE power generation was calculated at the sffinency that was used for ICE
in AD systems.

For food scraps, energy content was calculated at 633 kisgpaulpound, carbon
content was calculated at 1,122 pounds per ton, and latwdéilble carbon was calculated
at 14.3%.

The parasitic energy use of a WTE facility is 19%, mgdhat 19% of the energy
produced by WTE facility is used to power the WTE fagiliself.

Natural gas power offsets per kilowatt hour (kwh) for WTE landfill ICE are the same
as offsets per kwh for AD ICE.

Emissions estimates for landfill are based on EPA’'sElheh@del and the EPA/RTI MSW
DST model. Emissions estimates for WTE are based ofratatthree facilities: Covanta in
Marion County, OR; Metro Vancouver in Burnaby, BC; and Hennepin EyyelRecovery
Center (HERC) in Minneapolis, MN.

? This assumption was used in this report becaissganherally accepted throughout the industry. Eav,
additional research shows that landfill gas catie®are actually as low as 20% when a ret@isiframe is used
based on the life of a landfill, rather than catmg an instantaneous gas capture rate (EurekaliRgc2008).
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