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Spurred by closing landfills and rising disposal
costs, recycling and composting programs have
swept the nation during the last 5 years. Nineteen
states either require municipalities to pass
mandatory recycling ordinances or to develop
recycling programs. By the end of 1991, there were
nearly 4,000 curbside recycling programs in
operation—a growth of more than 250 percent since
1988. Yard waste is being diverted to more than
2,000 composting sites. As of the early 1990’s, some
communities have achieved recycling and
composting levels of 40, 50 and even 60 percent.
U.S. municipalities are embarking on a new phase
in solid waste management in which materials
recovery is increasingly becoming a center of
activity rather than an afterthought.

This report analyzes the actual operating
experience of 30 diverse communities—some with
high materials recovery rates, others with model
waste reduction initiatives—and draws lessons for
communities wanting to strengthen their own
programs. Most of the data presented in this report
come from in-depth case studies of these 30
communities written by the Institute for Local Self-
Reliance! The 30 communities range from rural
towns of 2,000 people to metropolitan areas
approaching 2 million people. Eight are on or near
the West Coast, another eight are in the Midwest,
nine are in the Northeast, four in the South, and
one in the mid-Atlantic region. Almost half were
chosen because of their high recovery levels, either
in the residential, commercial/ institutional, or
construction and demolition debris sector. The
other communities were chosen because of their
location, population density, or instructive program
characteristics, including public or private
collection, segregated or commingled set-out,
sorting en route versus sorting at an intermediate
processing center, curbside versus drop-off, bottie
bill, mandatory or voluntary participation, volume-
based or flat refuse collection rates. Communities
studied included 4 counties and 26 municipalities;

Chapter One
Introduction

there were rural, suburban and urban, large and
small communities. These case studies on which
this report is based are published by the Institute
for Local Self-Reliance as In-Depth Studies of
Recycling and Composting Programs: Designs, Costs,
Results, a book available in three volumes: Rural
Communities, Suburbs and Small Cities, and Urban
Areas. Readers interested in the details of
community operations are encouraged to obtain a
copy of the case study reports.

Table 1.1 lists the communities studied, their
populations, and materials recovery rates. Chart
1.1 displays their locations. The methodology and
terminology utilized in this report are outlined in
Appendix A. For instance, construction and
demolition debris is excluded from municipal solid
waste, and recovery rates for this type of waste are
reported separately. Appendix B lists the
community contacts who provided the information
set forth in the case studies. Materials recovery
rates were calculated by the Institute according to
the uniform definitions in Appendix A and based
on tonnage data provided by state and municipal
recycling officials, private waste haulers, waste
composition studies, and other community contacts.
In a few instances, materials recovery rates utilized
in this report differ from those calculated by
communities. Appendix C lists any estimates made
to calculate waste generation rates, and what waste,
if any, was excluded from these calculations. This
report considers both recycling and composting 10
be elements of materials recovery. Recycling refers
to recovering discarded products for reuse and/or
processing into new products, and composting
refers to recovering discarded organic materials,
such as leaves and brush, for processing into a soil
amendment or mulch. The comprehensive tables
throughout this report summarize program features
for each community; the text highlights those select
programs that provide the most instructive
illustration of how communities can increase the
recovery of recyclable and compostable materials.

Introduction 1



Table 1.1
Selected Recycling and Composting Programs
Community Population YearData  Residentla) Commercial Msw Total
Collected Recovery Recovery Recovery Recovery

Rate Rate Rate Rate
Rural Communities
Bowdoinham, ME 2,189 FY90 NA NA 54% 53%
Fennimore, Wi 2,378 1990 51% 25% 38% NA
La Crescent, MN 4,305 1990 41% 9% 29% 41%
Monroe, Wl 10,220 1989 32% 27% 28% 50%
Peterborough, NH 5,239 1990 42% 4% 19% 18%
Sonoma County, CA 388,222 19590 15% 10% 1% 11%
Upper Township, NJ 10,861 1990 50% (a) 34% (b) NA 43%
Wapakoneta, OH 9,214 9/89-8/90 NA NA 20% NA
Suburbs/Small Cities
Berlin Twnshp, NJ 5,620 1990 56% 61% 57% NA
Boulder, CO 88,000 1990 33% 12% 22% 16%
Columbia, MO 69,101 FY90 11% NA NA 13%
Dakota County, MN 274,016 1990 29% 24% 28% NA
King County, WA 891,060 1990 19% 36% 30% NA
Lafayette, LA 90,000 " FYoo 13% 8% 11% NA
Lincoln Park, NJ 10,978 1990 49% 70% 62% NA
Naperviile, IL 85,351 1990 32% NA NA NA
Perkasie, PA 7,878 1990 52% NA NA NA
Takoma Park, MD 16,900 1990 36% NA NA NA
West Linn, OR 16,557 1990 NA NA 50% 46%
West Paim Beach, FL 62,530 4/90-3/91 22% 0% 13% 12%

Urban Areas

Austin, TX 465,622 Fysg 7% NA NA 15%
Berkeley, CA 102,724 Fya1 NA NA 22% 38%
Linceln, NE 191,972 1990 3% 25% 12% 52% (c)
Mecklenburg Co., NG 511,433 1990 7% 22% 16% NA
Newark, NJ 275,221 1989 10% (a) 46% (b) NA 30%
Philadelphia, PA 1,633,826 FYgo 6% (a) 16% (b) 12% 1%
Portland, OR 440,000 1990 NA NA 33% NA
Providence, RI 160,728 1990 10% 13% 11% NA
San Francisco, CA 723,959 1990 37% 18% 26% 27%
Seattls, WA 516,259 1990 45% 40% 40% NA
Key: FY = fiscal year  MSW = municipal solid wasta NA = not avaiiable

Notes: Total wasta is the sum of municipal solid waste and construction and demolition (C&D) debris, Recovery rates include
material recycled and composted. MSW Recovery Rate may taka info account tonnages that cannot be broken down into
commercial and residential, such as bottle bill tonnages or landscapers’ waste. All recovery rates represent proportions by weight.
See Appendix A for definitions of recovery rates calculated above.

(a} Publicly collacted waste.

{b) Privately collected waste.

(c) Based on 133,167 tons of CaD utilized as fandfill cover. it this tonnage is excluded from waste recovered and disposed,
recovery rate drops to 30%.




The case study approach allows us to gather
specific information about the individual programs
and to understand the interconnection of different
program elements. However, the limited nature of
our sample means that the lessons identified in this
report should be viewed as tentative findings, not
statistical conclusions.

One of our principal findings is that any
program, even the best, can do better. Consider
the Borough of Lincoln Park, New Jersey, which
in 1988 reported a 40 percent materials recovery
rate—a rate that increased to 53 percent in 1989,
and to 62 percent in 1990. Lincoin Park continues
to expand its recycling efforts? Lincoln Park's
success demonstrates that materials recovery rates
of 60 percent and higher are technically achievable
for communities that integrate the best features of
the best programs.

Factors that contribute to reaching high
recovery levels include targeting a wide range of
materials for recovery, offering convenient service
(curbside and drop-off collection are both

Notes

important), employing collection and processing
techniques that encourage resident participation as
well as yield high-quality materials, establishing
strong economic incentives—particularly volume-
based refuse rates, collecting source-separated yard
waste for composting, encouraging backyard
composting, and extending programs beyond the
residential sector to the commercial and
institutional sectors.

Market development is essential if collected
materials are actually to be utilized. While this
report does not examine marketing strategies,
Appendix D describes local government programs
to procure recycled goods. Today, conventional
wisdom about recycling dictates that it can be
connected to local economic development through
remanufacturing, producing new products from
recovered materials. While we strive to build a
national scrap-based manufacturing industry, we
must first ensure efficient, cost-effective recovery of
materials from our waste stream.

1Data from the 30 communities is usually not referenced; data from other research are typically referenced and placed

in side boxes within the text.

2[n an effort to further increase its recycling rate and to

augment its -municipal drop-off collection program, Lincoln

Park will begin curbside collection of a wide range of recyclable materials in August 1992.
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Tables 2.1 and 2.2 present demographic
information, including community type, population,
average income, waste generation, and recovery
rates for the 30 communities studied. These
communities range in size from the rural Town of
Bowdoinham, Maine, with a population of 2,189,
to the large urban center of Philadelphia, with a
population of 1.6 million. Nine are urban areas,
ten are suburbs or cities with populations under
100,000, seven are rural towns, and the remaining
four are counties, which contain either rural,
suburban, and/or urban areas. Communities
selected for study also represent widely divergent
socioeconomic levels and geographical regions,
from the small-scale manufacturing and agricultural
community of Wapakoneta, Ohio to Naperville,
Illinois, a wealthy suburb of Chicago. Income
Jevels range from $8,000 per capita in Newark, New
Jersey to $22,000 per capita in Peterborough, New
Hampshire.!

Demographics and Yard Debris
Affect Debris Generation Rates

Tables 2.2 and 3.1 (page 15) list per capita
residential and municipal solid waste generation for
each community in our study where available?
Waste generation rates vary greatly among
communities? The rural communities within our
sample generally have the lowest waste generation
levels. (See Charts 2.1 and 2.2.) Residents in rural
communities may generate less waste due to
different eating and buying habits. In such
communities, residents may grow and prepare a
good portion of their food at home, reducing the
generation of packaging waste. Most of the rural
communities in our sample also have volume-based
refuse collection rates (which provide residents with
an incentive to reduce waste generation), have
extensive backyard composting programs, and in
some cases, burn waste in yards and fireplaces. For

Chapter Two
Demographics and Materials
Generation and Recovery Levels

example, in the rural community of La Crescent,
Minnesota, waste burning is permitted for residents
living on more than 40 acres.

The waste generation levels of suburban
communities and small cities vary greatly. Those
generating large volumes of yard debris—
particularly those with mature deciduous trees,
spacious yards, and extensive landscaping—tend
to have higher per capita residential waste
generation. Suburban residential waste generation
rates range from 1.8 pounds per capita per day in
the sparsely vegetated community of Boulder,
Colorado, to 6 pounds per capita per day in West
Palm Beach, Florida and in the heavily foliated
community of Berlin Township, New Jersey.
Communities in the south, such as West Palm
Beach, may have higher than average waste
generation levels due to the year-round generation
of yard debris. A high percentage of yard debris
in the waste stream offers the potential to reach
high composting levels. Indeed, both Berlin
Township and West Palm Beach have high
composting rates.

Smaller Communities Recover
More of Their Solid Waste

Chart 2.3 provides information on the
relationship of community demographics to the
percentage of matetials recovered from residential,
commercial/institutional, and overall municipal
solid wasted The suburban communities of Berlin
Township and Lincoln Park, New Jersey; Perkasie,
Pennsylvania; and West Linn, Oregon; and the rural
communities of Bowdoinham, Maine and Upper
Township, New Jersey have the highest recovery
levels among the 30 communities. Almost 80
percent of the 13 communities with residential,
commercial, MSW, or total recovery rates above 40
percent have populations under 20,000. Although
most of the communities with the highest levels of

Demographics and Materials Recovery 5
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. Waste Preention, Recyling, and Composting Optians: Lessons from 30 U'S. Communitics

———

Chart 2.1
Per Capita and Per Household Residential Waste Generation
in Rural, Suburban, and Urban Communities
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materials recovery are suburban or rural, Chart 2.3
shows that urban communities can also achieve
significant recovery levels. Seattle, with a
population of half a million, recovered 40 percent
of its municipal solid waste stream and 45 percent
of its residential waste in 1990, San Francisco is
not far behind with a 1990 residential recovery rate
of 37 percent. While Newark, New Jersey’s public
sector or residential recovery rate is fairly low at
10 percent, its private sector rate is significant at
46 percent. Several factors contribute to reaching
high recovery rates: targeting a wide range of
materials for Tecovery, establishing economic
incentives, collecting Source-separated yard waste
for composting, extending program service beyond
single-family households to apartment buildings
and to the commercial and institutional sectors, and
securing high levels of participation (through such
strategies as offering convenient curbside and drop-
off service, mandating recycling, and establishing
economic incentives). While the few communities
that have integrated these key strategies tend to be
small towns, large cities have also implemented

Rural Areas Suburbs and Small Cities Urban Areas

them. (See Chapters 4, 5, and 6 for discussions on
how communities reach high recovery levels.)

Large Cities Build On the
Experience of Smaller Communities

Large metropolitan areas may consist of one
or two relatively large and dense central cities and
dozens or even hundreds of smaller suburban or
even rural communities. The same, of course, is
true for counties. The reader might find it useful
to approach the information contained in this report
and in the case study volumes by thinking of his
or her metropolitan area or county not as a single
entity but as dozens of small cities. Thus, the
experience of a community like Berlin Township,
New Jersey, may be instructive for a suburb outside
Los Angeles, or even a neighborhood in Atlanta.
New York City is currently conducting an intensive
recycling project in a medium density, ethnically-
mixed neighborhood of Park Slope, Brooklyn. The
City is currently recovering 35 percent of the waste

8 Demographics and Materials Recovery



generated in the pilot area, and has a goal of
recovering 60 percent. By comparison, the citywide
recovery level is only 6 percent. (For more
information, see side bar, “New York City's
Intensive Recycling Project,” in Chapter 4.)

There are, of course, major differences of scale,
demographics, and public service operations
between small towns and large urban areas.
Suburbs and rural areas tend to be more
homogeneous, with most residents living in single-
family homes. Urban areas have a more diverse
socioeconomic mix, more residents living in multi-
unit buildings, and generally a higher proportion
of commercial and institutional waste. Cities that
want to build on the experience of the successful
recovery programs in small towns will need to take
these differences into account.

Densely populated communities may, for
example, have to use special outreach materials to
encourage the participation of their non-English-
speaking and transient residents in recycling
programs. Providence, Rhode Island doubled
participation in its curbside recycling program
(from 30 to 60 percent) in certain multi-lingual
neighborhoods by using special educational
programs and foreign-language informational
brochures on recycling.

Communities.

Urban areas have tremendous potential for
restructuring their solid waste systems and
redirecting investment from disposal systems
towards materials recovery. Large cities can secure
dependable markets by guaranteeing brokers and
end users large, steady quantities of secondary
materials. Commercially generated recyclables,
which are abundant in urban areas, can be a stable
source of high-quality materials, depending on
collection systems. Urban areas can also attract end
users of such material to locate within or near their
jurisdictions, especially if they demonstrate to
potential investors a serious and long-term
commitment to recycling.  Since Philadelphia
passed its mandatory recycling ordinance in 1987,
at least 35 recycling companies have started up or
expanded operations in the greater metropolitan
area.

High Disposal Costs Lead to
Higher Recovery Levels

Disposal costs in the form of tipping fees at
landfills vary widely across the country’ Chart 24
compares MSW recovery rates with landfill and
incinerator tipping or disposal fees among our 30
communities. With some exceptions, which are

discussed below, those with
the highest recovery rates

Chart 2.2

pounds/capita/day

Average Per Capita Residential Waste Generation
in Rural, Suburban, and Urban Communities

Average
[ Standard Deviation

also tend to have the highest
tipping fees, while those with
low tipping fees tend to have
low recovery levels. In many
cases, high disposal fees have
spurred the initiation of
comprehensive materials
recovery programs. Lincoln
Park, New Jersey, for
example, has the highest
MSW recovery level—62
percent in 1990—among our
30 communities; it also had
the highest disposal fee for
refuse in 1990—$119 per ton.
Nowhere in the country has
the effect of shrinking
disposal capacity and rising
disposal fees been felt more

Suburbs and Small Gities
{12 communiies)

rban Araas
comnunities)

profoundly than in the
Northeast. (Five of the six
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communities with the
highest disposal fees are
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materials and State recycling requirements have
provided impetus for recovery activities in these
cases. The need to extend the life of its landfil
has also spurred recycling activities in Monroe.

While Newark and Philadelphia have
comparatively low overall MSW recovery levels
and high disposal costs, these cities are actively
implementing recycling programs. Newark’s
private sector is recovering 46 percent of the waste
it handles, and the public sector provides curbside
collection to approximately 90,000 households, or
about 90 percent of total households in the City*
The City of Philadelphia offers curbside service to
169,000 households—more than any other
municipality in our study. Taken together, the
public and private sectors in Philadelphia are
recovering more than 260,000 tons a year—an
amount close to Seattle’s yearly tonnage recovered.
While Peterborough, New Hampshire's high

disposal costs have not led to a high overall MSW
recovery rate, the Town's residential recovery level
is significant at 42 percent in 1990.

Conclusion

Residential waste generation varies widely from
community to community. Rural areas appear to
generate far less waste per person than suburban and
urban areas. Yard waste contributes to high waste
generation levels in many suburban communities;
several of these have achieved high compostinglevels.
While most of the half dozen communities recovering
50 percent or more of their residential or municipal
solid waste have populations under 20,000, larger
cities can also implement the key strategies
contributing to high recovery levels. The following
chapters describe these in more detail.

—

Chart 2.4
Landfill and Incinerator Tipping Fees
and MSW Recovery Rates

3 = Percent MSW Recovered
__a— Landfill or Incinerater Tipping Fees ($/ton)
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Notes: Parcant of total waste recovered is used for Austin, Columbia, Newark, and Upper Township; and percent of residential waste recovered is
used for Naperville, Perkasie, and Takoma Park. MSW recovery rates are not available for these communities.
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Notes

11990 per capita income figure for Naperville is not available. Naperville'’s 1987 per capita income was $18,691; its
1990 median household income was $61,000,

unlike commercial/institutional waste. Readers interested in comparing waste generation levels to the national average
of 4 pounds of waste per capita should use the municipal solid waste figures provided in Table 3.1. By and large,
waste generation rates are based on tonnage figures provided by recycling coordinators and other local officials, who
may have estimated the data or relied on other sources, such as private haulers. In several cases, communities measure
materials in cubic yards and use conversion factors to calculate tonnage figures. In a few cases, ILSR staff have estimated
tonnage recovered using commonly accepted conversion factors. In addition, figures may exclude untracked components
of the waste stream. Residential waste handled by the private sector, for example, is sometimes excluded from residential
figures. Total waste generation figures are divided by that portion of the population generating such material to arrive
at per capita figures. See ILSR's In-Depth Studies of Recycling and Composting Programs: Designs, Costs, Results for detailed
information on how tonnage figures were derived, Appendix C in this report provides a community-by-community
summary of which figures were estimated and how, and what, if any, component of the waste stream may be excluded.

*One factor affecting the wide variation in per capita residential waste generation is the different methodologies local
officials or haulers use to measure waste generation figures. ILSR staff have gone to considerable effort to make sure
that figures for residential waste (as well as for commercial/institutional and overall municipal solid waste) include
all the waste generated in that category. As mentioned above, any estimates or untracked /unmeasured components
of the waste stream are identified in Appendix C.

*See Appendix A, Data Definitions and Methodology, for definitions of and methodology for determining residential,
commercial, MSW, and total waste generation and recovery rates,

T ipping fees tend to vary by region. The National Solid Waste Management Association’s 1990 landfill tipping fee
survey (based on almost 4 percent of the country’s landfills) showed that average tipping fees were $65 per ton in
the Northeast, $41 per ton in the mid-Atlantic, $23 to $26 per ton in the West and Midwest, and $11 to $17 per ton
in the Southeast, Southwest, and the Plains, (Source: 1990 Landfill Tipping Fee Survey, National Solid Waste Management
Association, Washington, DC, 1991 This survey is based on 219 landfills. By the end of 1991, there were 5812 landfills
in the country.

*Newark has already noticed an increase in the amount of residential material collected since it increased recyclables
pick-up from biweekly to weekly in October 1991,

12 Demographics and Materials Recovery



Overview

Although the current solid waste problem is
depicted principally as a waste disposal problem,
it is also a waste generation problem. The United
States is generating more waste now than ever
before. From 1960 to 1990, total U.S. MSW
generation increased 123 percent, from 87.8 million
tons to 195.7 million tons per year, while per capita
generation increased nearly 59 percent, from 2.7 to
4.3 pounds per person per day. At current levels,
the amount of waste generated is expected 1o reach
722 million tons in 2000, or 4.5 pounds per person
per day.’

At the root of this problem are the types and
amount of products and materials we use and
discard. Single-use products, which are designed
to be thrown away after one use, constitute a
substantial portion of total MSW. In 1990, 33
percent by weight of all municipal solid waste
consisted of packaging and containers, and an
additional 27 percent consisted of nondurable
products, including paper products, plates, cups,
books, magazines, and clothing?

Preventing waste generation saves
money in waste hauling, disposal, and
recycling fees; conserves valuable
landfill space; and reduces energy and
resource use.

EPA considers source reduction—the
reduction of the volume and toxicity of waste—as
the preferred waste management strategy.
Preventing waste generation saves money in waste
hauling, disposal, and recycling fees; conserves
valuable landfill space; and reduces energy and
resource use. While recycling diverts waste from

Chapter Three
Waste Prevention Strategies

disposal, source reduction eliminates the amount of
material entering the waste stream.

This chapter describes and, where information
is available, evaluates the strategies that have been
implemented by communities in our study to
reduce waste generation. (Table 3.1 lists per capita
waste generation rates and the source reduction
programs of the 30 communities.}

To date, the success of these programs has been
difficult to measure. Few communities conduct
annual waste generation studies? The quantification
of waste reduction is also difficult because total and
per capita waste generation or composition rates
are on the rise. Waste reduction should be
considered in terms of reduction below future rates
as well as below existing rates. In addition, certain
source reduction programs, particularly education
programs, may not lead to changes in individual
purchasing and waste generation behavior until a
few years after initiation. It takes time for residents
to develop new purchasing practices, and
manufacturers time to redesign products. States
and communities would benefit by expanding the
type of source reduction programs offered as well
as by improving their methods of quantifying such
achievements.

Few communities have established
comprehensive source reduction programs, partly
because source reduction is more difficult to
measure than waste diversion through recycling
and composting. States’ waste reduction goals,
which frequently determine local goals, rarely
include measurement of source reduction. In many
instances, communities do not receive credit toward
their state waste diversion goal for implementing
source reduction programs. In addition,
communities frequently lack control over decisions
regarding product design and manufacture, and
have little guidance on how to bring about changes
in the waste stream.

Waste Prevention 13



Nevertheless, communities c¢an play an active
role in diverting materials from disposal and
reducing waste generation rates. A few
communities, such as Berkeley, California, have set
source reduction goals, and a number have
implemented programs to reduce waste, which
include:

* educating citizens about source reduction,
emphasizing change in purchasing practices
and product reuse;

* implementing a backyard composting program;

* establishing or encouraging the establishment of
salvage and reuse operations;

* implementing volume-based refuse collection
fees; and

* regulating packaging or other materials sold and/
or used within their jurisdiction.

What actually constitutes source reduction is
not well defined. True waste prevention literally
means that we do not generate waste. This
involves using reusable and durable rather than
disposable products, and using less resources
product at the manufacturing level. Little has
actually been done to avoid generation of waste on
a community wide level, although individual
businesses have undertaken successful efforts.
While salvage/reuse operations and backyard
composting are often considered forms of source
reduction, these Strategies do not actually prevent
the generation of discards. We include backyard
composting as source reduction because organic
materials composted in backyards never enter the
murticipal waste stream. We also include examples
of salvage/reuse operations because, by extending
the useful life of products, they may result in the
use of fewer total products, thus indirectly
preventing waste generation.

Source Reduction Education

Local communities are implementing source
reduction education programs to teach citizens
about general solid waste issues, as well as specific
changes in their purchasing and disposal practices.
Communities are also supporting local
Organizations that promote source reduction
concepts. Source reduction education can target
children through in-school curricula, consumers

14 Waste Prevention
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through supermarket shelf labeling and
informational brochures, and businesses through
waste audits and other technical assistance. A
number of communities, most notably Berkeley and
Sonoma County, California; Newark, New Jersey;
Boulder, Colorado; and Monroe, Wisconsin, have
implemented such education programs. Source
reduction and environmental shopping programs
have been well received by citizens, and some
manufacturing and retail companies are responding
to consumer demand for “environmentally
preferable” products. (See side bar “The
Environmental Consumer Movement.”)

In 1989 the City of Berkeley implemented a
large-scale campaign, known as “precycling,” to
Urge consumers to prevent the generation of waste
through environmentally minded purchasing. The
Berkeley precycling program encourages residents
to purchase products packaged in recyclable
materials, avoid purchase of disposable products
and products in multiple layers of packaging, and
buy in bulk. Residents are also encouraged to
reuse and repair products. Drawing on
information provided by local environmental and
recycling groups, the Berkeley Department of
Public Works promotes the precycling concept
through fliers and newspaper advertisements, The
City also encourages local merchants to offer
discounts to customers who bring their own
containers, and use reusable napkins and
silverware.

Other communities, such as Newark and
Boulder, have initiated precycling campaigns
modeled after Berkeley’s program. Based on
responses from 2,000 shoppers, Boulder’s
precycling campaign successfully increased
consumer awareness about ways to reduce waste
generation. Of the shoppers surveyed, 84 percent
claimed they were familiar with the program, 54
percent could identify precycle concepts, and 74
percent said the campaign helped them reduce
waste.

Information disclosure at the point of purchase,
including shelf and product labeling, encourages
consumers to select products that advance source
reduction and recycling goals. Some states, such
as Rhode Island and New York, have implemented
labeling programs to identify and promote
products that are reusable, recyclable, and/or made
from secondary materials. In one "Model"



Table 3.1
Waste Generation Rates and Source Reduction Programs

PerCapita PerCapita  Housshold

Residentlal MSW Residential
Wasile Wasis Waste Source
Generstion Generation Generation Reduction
Community Type Population {ibs/day) (1ba/day) (lbs/day) Program
(») (=) {b)
Austin, TX 3.0 NA 7.0 Sa/R (¢)
Berlin To.wmlilp. NJ

Dakota County, MN

Lincoln

San Francisco, CA

Y.

B = Material/Product Ban BY = Backyard Composting E = Extensive Source Reduction Education
NA = Not Avallable P = Pracycling or Environmental Shopping R = Rural

Sa/R = Saivage/Reuse Programs $ = Suburban or Small City U = Urban

V = Volume-based Refuse Rates -- Not Applicable

Notss:

(a) Per capita and per househoid waste generation figures were calcutated for that portion of the population for which waste generation data

were available. |n the communities of Naperville, IL; Perkasie, PA; Phitadelphia, PA; Provigence, R; and Takoma Park, M0, per capita
waste generation was calculated based on the fons of waste ganarated in the refuse collection district divided by the estimated number of
reskients in the same district, Per capita and per household residential waste rates may undereprasent actuai generation levels in some
instances. For example, In some ¢ases such as San Francisco and West Linn they exclude seif-haul and bottie bill tonnages. In King
County and Seattle, per capita and per household waste generation figures include residential seff-haul tonnages. For some dities ILSR
calculated the average number of pecple per househaid to arrive at a per capita figure. See Appendix G for community-specific descripions
ol residential waste caiculations. Tonnages composted in residents’ backyards are exctuded for all cities except San Francisco. Tonnages

collected through salvage/reuse operations are included in above figures where availabie.

(b} While & number of cities provide source reduction educationgl materials in schools and/or 1o residants, only cities with extensive programs
are listed. Only comprehensive salvage reuse operations are listed; thrift shops and second-hand §10res, comman in Most communities, are
excluded.

(¢} In 1992 Austin wil implement variable-based refuse rates.

{d) In 1991 Berkeley instiuted a backyard compasting program.

{e) Fennimore requires residents to purchase refuse bags for $0.07 per bag, however because this fee is 5o low, wa do not consider ita
volume-based refuse rate.

{f) In 1991 Philadelphia funded a master backyard composting program.

{g) Since the residential waste generated by households in buildings with more than six units is untracked, this per capita MSW waste

generation figure is estimated by adding commercialinstiutional waste generated per capita 10 the 3 Ibs. per capita generated by residents
in buildings with six or fewer units.
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Supermarket established by the Central States
Education Center (CSEC), a nonprofit organization
located in Champaign, Illinois, hot pink labels on
designated shelves identify products with the least
packaging, products that are packaged in recyclable
containers, and products that contain no toxic
properties (“safer earth”).*

Research from Europe, where national
environmental labeling programs are well-
established, indicates that residents are aware of the
presence of environmental labels and that these
labels have increased up to 40 percent the sale of
identified products. Manufacturers are extremely
interested in being awarded such labels.’

While there is some evidence that
environmental shopping and labeling programs
have increased consumers’ awareness about waste
reduction issues, and that manufacturers are
responding to consumer demand, there is as yet no
proof that, such programs have changed
communities' waste generation rates. Berkeley, for
example, has not tracked its waste generation rates
or waste composition since 1989, and thus cannot
accurately determine how its precycling program
has changed the composition or volume of the
waste stream.

There is evidence, however, that source
reduction programs have changed waste generation
rates at the institutional or business level. In the
CSEC's Model Schools, for instance, students are
encouraged to minimize the amount of packaging
in their lunch boxes. One Illinois school reports
that average lunchroom garbage decreased by one-
third, from 60 to 40 pounds per day. Many
children now bring their lunch in reusable rather
than disposable containers.$

Monroe, Wisconsin is actively encouraging local
businesses and institutions to reduce waste
generation. Through educational outreach alone,
the Monroe Area Recycling Committee convinced
area schools to switch from disposable to reusable
trays.  One elementary school estimates that this
switch has reduced by 75 percent the volume of
trash generated on an average day. (See side bar,
“Waste Reduction at Institutions and Businesses.”)
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Backyard or Home Composting

At least one-quarter of municipal solid waste
consists of yard debris and food scraps” much of
which is generated by individual households and
can be successfully and inexpensively recovered at
the point of generation. Through backyard or home
composting programs, residents can convert organic
waste into a high-quality soil amendment suitable
for house plants, scedling transplants, and general
garden use. At-home recovery of organic materials
reduces communities’ waste collection and
composting costs.  Seattle, for example, estimates
that it saves $20 in avoided yard debris collecting
and tipping fees for each ton of material composted
in residents' backyards.

A number of the communities have
implemented backyard composting programs. (See
Table 3.1.) The most noteworthy include Seattle
and King County, Washington; San Francisco,
California; Naperville, Illinois; and West Linn,
Oregon. Other communities, such as Monroe and
Fennimore, Wisconsin, also encourage their
residents to compost organic materials in their
yards and/or leave grass clippings on the lawn.
At-home composting programs can be grouped into
three categories: “grasscycling” programs, backyard
composting programs, and vermicomposting (worm
bin composting).

“Grasscycling” Programs

Home waste reduction systems may be as
simple as leaving grass clippings on a mowed lawn.
A thin layer of grass clippings and leaves will
improve the moisture retention ability of soil and
act as a natural fertilizer, reducing the need for
commercial fertilizers. In order to encourage
participation in backyard composting and
“grasscycling” or “Don’t Bag It” programs,
Naperville began charging residents $1.50 per bag
of yard waste set out at curbside for collection,
Other communities promoting grasscycling
programs include Austin, Texas and Montgomery
County, Maryland.

Backyard Composting Programs

A number of communities promote backyard
composting of organic materials by providing
residents with composting bins at no charge or at
subsidized rates.




“as purchasing practices—to mitiga
indicated that ‘76 percent of consumers
: eporie

CBS/New York Ti
st 66 P

Backyard composting is an integral part of King
County’s 1989 comprehensive Solid Waste
Management Plan? Since June 1989, the County
has provided residents with bins at a subsidized
rate ($8.75), and with technical assistance through
the Master Recycler/Composter Program, the
Nursery Composting Demonstration Program, and
a recycling and composting information telephone
line. Through a written survey, the County
determined that residents receiving bins were
composting at least 50 percent of their yard debris.
Two-thirds of all participants reported composting
at least 75 percent of their yard waste. Assuming
that each household generates an average of 800
pounds of yard waste per year, the County
recovered an estimated 4,220 tons of yard materials
through backyard composting in the first year of
the program (with 16,000 participants), and
approximately 9,000 tons in its second year (with
a total of 35,000 participants).”

In the second year of the program's operation,
King County purchased and distributed 19,017 bins.
The bins cost the County $20 each, about half of
which was reimbursed by participating households.

Assuming that the County spends no additional
funds per composter after the first year, and that
these 19,017 households compost yard debris for 7
years (the estimated lifespan of the bin), the County
will incur a cost of only $14 per ton of yard debris
composted in backyards."

Vermicomposting Programs

While some communities instruct residents to
compost food scraps out-of-doors, others, such as
San Francisco and Seattle, also encourage residents
to use worm bins. Vermicomposting can be
successfully implemented indoors even in an
apartment unit. This process involves the use of
special worms, Eisenia fetida or Lumbricus rubellus
(redworms), which thrive on food scraps. Worms
can digest food quickly and produce a top-quality
fertilizer, “vermicompost,” in 4 months. Redworms
need a dark, cool, well-aerated container, and thrive
on moist bedding made from sources such as peat
moss, shredded cardboard, or newspaper. If the
bins are properly maintained, odor problems will
not occur.!
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The San Francisco Recycling Programs (SFRP) scale reuse operations generally cost very little for
developed a home composting program in 1988 collection (since most materials are dropped off)
with the San Francisco League of Urban Gardeners and little for processing. Operations that salvage
(SLUG). During the summer of 1990, SLUG began materials before they enter the refuse collection and

vermicomposting workshops. Participants pay $35 disposal system not only save a community
for instruction, a worm bin, and worms. SFRP also collection and processing costs, but also raise
offers multilingual workshops in backyard revenue in some cases. Private repair and reuse
composting. In 1990 the City estimated that operations can net considerable profit as well as
residents were composting 4,414 tons of food scraps provide jobs for the local community. Communities
(7 percent of residential food scraps generated that can actively promote private salvage/reuse

year), and 2,164 tons of yard debris at home. operations through written listings and other types
(While the potential for food scrap recovery is of publicity.

great, very little is being done. Where
communities, such as San Francisco, have
encouraged food waste recovery, the

impact has been very slight.)

Volume-based refuse rates can
encourage backyard composting. For
example, communities with successful
backyard composting programs, such as
West Linn, Oregon also have variable
refuse rates (see Table 3.1). Even Seattle
and King County can partially attribute
their success with backyard composting
to their yard waste collection fee
structure,

e Associated Students of UCLA, for
e several on-campus dining programs
urage the washing and reuse of {durable
nsils and mugs. - At the University of lllinois-
Irbana/Champaign, and at Rutgers University in Ne

ersey, most meals are served on reusable tableware.
ig Green State University in Ohio offers’ 5 and:
0 cent rebates, respectively, for the purchase of 10-
.and 16-ounce beverages in reusable rather than
isposable containers. Serving a campus Ppopulation -
0f 20,000, the University documented a Net -annual. .
savings of more than $33,000 aiter accounting for the. -]
avoided disposal costs, and the cost of purchasing

King County, Washington
recovered an estimated 4,220
tons of yard debris through
backyard composting in the
first year of its program (with
16,000 participants), and
approximately 9,000 tons in
its second year (with a total
of 35,000 participants).

Boston Park Plaza Hotel has implementec
an ‘ecological travel alternative.” The hote

established ‘a’ 25-memiber employee “green team” to

address solid waste reduction, waer conservation,
educational awareness, and reduction of hazardous
waste. . As a result, the hotel now has ‘a’ récycling E
program, | 0 percent postconsumer recycled-

- content paper, and has eliminated single-use
Salvage and Reuse - ltableware in |

00d service area. - Future plans
nelude replacing indivicual Gontainers for soap,
etries with refillable dispensers. |

Reusing materials in-house at the 1dMpoo, and other toil
residential or commercial level prevents e
these discards from entering the
municipal waste stream and therefore
costs a community no money for
collection or processing, Community-
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Although local solid waste managers have
given considerable attention to startup of curbside
recycling programs, they have given little attention
to salvage and reuse as a serious waste reduction
strategy. Several communities run salvage
operations at public disposal sites where recyclables
are either dropped off already sorted or attendants
must sort through the refuse. However, most of
these operations are recovering minimal amounts
of the waste stream. A few programs stand out
as models. These include Garbage Reincarnation
in Sonoma County, California and Urban Ore in
Berkeley, California.

In Sonoma County, California, Garbage
Reincarnation, a local nonprofit organization,
operates two “recycling/reuse/ resale” depots at the
landfill and transfer station, under contract with the
County. Residents or businesses self-hauling refuse
to these facilities may stop at the depots and drop
off any salvageable items, including appliances,
bicycle parts, books, ftires, wine bottles, batteries,
and building materials. Many items are either
repaired or set out “as is” in the yard. Repair
shops regularly buy appliances, television sets,
lawn mowers, and bicycles. Flea market vendors
buy bulky items to repair for resale. Homeowners
and contractors purchase used building materials.
A mattress refurbishing company buys used
mattresses, which it sterilizes and recovers.
Recovered paint is given away free to residents.
According to Garbage Reincarnation, start-up costs
for a salvage/reuse business are minimal, and on-
site sales start the first day. In 1990 Sonoma
County salvaged 1,483 tons of residential items,
equivalent to 8 percent of all residential materials
recycled and 1 percent of all residential waste
generated that year. '

Urban Ore is a materials salvage business,
which operates two drop-off sites in Berkeley.
Nearly 90 percent of the materials Urban Ore
recovers and resells are dropped off by residents
and local businesses; the remainder are recovered
from the City’s transfer station. The City of
Berkeley supports this recovery operation by
publicizing it and leasing Urban Ore land and
buildings.

In 1990 Urban Ore recovered an estimated
5,390 tons of materials.”? Of these, 1,123 tons were
household goods, including electronics equipment,
clothing, and kitchen appliances. The other 4,267

tons were building materials, including cabinets,
furniture, doors, windows, and white goods.
Urban Ore recovered 68 percent, or 674 tons, of the
991 tons of white goods estimated to be generated
in Berkeley in 1990. It recovered approximately 25
percent, or 3,369 tons, of the 12,325 tons of wood
waste generated, and approximately 50 percent, or
1,123 tons, of the reusable items discarded in

Berkeley that year.

Urban Ore’s 1990 gross operating and
maintenance costs totaled $702,242 ($130 per ton),
and its revenue totaled $729,996 {$135 per ton). It
ecarned $27,754 in profit, employed 16 people, and
paid local residents and businesses $95,000 for
reusable goods. Urban Ore’s capital costs total
approximately $211,900 (1990 dollars), less than
$15,000 per ton-per-day (TPD) recovered, far below
those of many intermediate processing centers
(IPC’s). (See Table 8.17)

Variable Refuse Rates

Twelve of the 30 communities utilize variable
refuse collection rates, charging residents higher
fees for greater volumes of refuse set out. Most
cities either charge residents a flat fee for refuse
disposal or incorporate such costs into the
municipal tax base. In contrast, variable rate
(volume- or weight-based) systems charge residents
on the basis of the amount of waste they generate,
providing an immediate incentive to reduce the
amount of waste set out for disposal. Chart 3.1
displays per capita residential waste generation
levels for cities with and without volume-based
rates. Communities with volume-based refuse
rates, such as La Crescent, Minnesota; San
Francisco, California; West Linn, Oregon; and
Perkasie, Pennsylvania, are among those with the
lowest per capita waste generation levels. As
discussed in Chapter 2, demographic factors also
affect waste generation rates.

Volume-based refuse collection systems were first
introduced in Washington State: in Olympia in 1934, in
Tacoma in the 1970's, and in Seattle in 19812 Since
then, variable refuse rates have been implemented in 200
cities around the nation, incuding rural communities
(such as Bowdoinham, Maine and La Crescent,
Minnesota), suburbs (such as Perkasie, Pennsylvania and
West Linn, Oregon), and wban areas {such as Portland,
Oregon and San Francisco).'*
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Chart 3.1
Per Capita Residential Waste Generation in Communities
with Volume-based and Flat Refuse Rates

Volume-based
§ ] Refuse Rates
a8 Flat-foe Refuse
g_ Rates
% R = Rural
g U S = Suburb or
3 S a Small City
R R R U = Urban
= -% £ 5 E- ] s =2 Z e - K c s ¥ E g E
§..§u-_sggigigﬁgggﬁggﬁi"ggfgg
EEENE AEREEERERREEE

§cef 27945 s 23y FiE

E -s ¥ 3 E a % & -§ [+ g a@ 3

;ﬂ o 4 @ a @

There are two basic types of volume-based
refuse systems. In one, residents are charged a per-
bag fee and must purchase special bags or tags to
Place on bags. In the second, residents choose
among refuse containers with varying capacities,
and pay substantially more for set-out of the larger
containers. See Table 3.2 for a list of volume-based
programs utilized by the communities studied,
including the rates charged. West Linn, with one
of the steepest fee structures, has a low per capita
waste generation level.

Some evidence exists that volume-based rates
encourage recycling and backyard composting, and
may also reduce overall per capita residential waste
generation.” In direct contrast to the national trend
of increasing generation levels, some of the study
communities with volume-based refuse rates
experience reductions in or stabilization of per
capita waste generation.

20 Waste Prevention

Perkasie has a successful variable rate system,
In 1988 the Borough implemented a volume-based
refuse collection system, requiring residents to
place refuse in special 20- or 40-pound bags sold
by the Borough for $0.80 and $1.50 respectively.
(In 1991 bag prices increased to $1.00 and $1.75.)
This per-bag fee program replaced a flat annual
fee of $120 per residence for refuse collection and
disposal. In 1988 residential waste generated by
the sector the Borough serves dropped 26 percent,
down to 1,868 tons from an average of 2,522 tons
per year between 1985 and 1987. The Borough
attributes this reduction to increased public
awareness of waste generation and disposal habits,
resulting in improved purchasing habits;
commercial customers switching to private haulers
due to the bag program; waste burning in
backyards, fireplaces, and wood stoves;? and
exporting of waste from the Borough or depositing
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of residential materials in commercial dumpsters
(only four such instances were reported in 1988).
The success of Perkasie’s per-bag fee program is
evident by comparing growth of households to
growth of waste. While the number of households
served by the Borough has increased 35 percent
from 1987 to 1990, residential waste generated has
increased by only 13 percent.

Illegal dumping or burning of refuse is a
possible adverse effect of variable refuse rates. This
has rarely presented an ongoing problem, however,
since communities have found a variety of ways
to stop illegal dumping. After experiencing
increased illegal dumping during a period of
rapidly rising user fee rates, Seattle in 1987
introduced a pre-paid sticker to handle additional
waste generation, and hired inspectors to monitor
complaints from customers and contractors.’® In
Perkasie, where there were four reports of illegal
dumping in 1988, the offenders’ names were
reported in the local hewspaper. lllegal dumping
was not a problem in 1989." Houston County,
Minnesota, in which La Crescent is located, charges
offenders $0.68 per pound of illegally dumped
materials.

(See Chapter 5, "Improving Resfdential
Recycling Rates," for discussion of how variable
rates encourage recycling.)

Regulating Packaging and
Other Materials

Some communities, such as Berkeley,
California; Newark, New Jersey; and Portland,
Oregon have passed local ordinances to ban use
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and/or sale of certain types of materials. In some
cases, product bans lead to the substitution of one
disposable material for another, and thus do not
decrease the overall volume or weight of the
waste stream. In other cases, however,
nonrecyclable products are replaced with recyclable
or reusable materials, For example, the City of
Newark has worked with local retailers and
cafeterias to switch from disposable to reusable
utensils, plates, cups, and carry-out containers.
Through product or material bans and taxes,
communities can encourage manufacturers to
redesign products so as to facilitate recycling and
source reduction.

Conclusion

There are a variety of techniques available to
control the ever-burgeoning tonnage of waste.
Public education, reuse operations, and economic
incentives have been implemented on a local Jevel
to encourage residents, institutions, and businesses
to generate less waste. Backyard composting helps
prevent organic materials from entering the waste
stream, and salvage/reuse operations may
indirectly help avoid waste generation. Cities are
also supporting independent community-based
source reduction efforts. Communites would
benefit by developing ways to measure the success
of source reduction programs.



Notes

1U.S. Environmental Protection Agency, Characterization of Municipal Solid Waste in the United States: 1992 Update, Office
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participants had composted previous to the distribution of backyard composting bins. However, once the program
expanded into the cities in the second year of operation, the percentage of individuals who had composted previously
may have dropped. Composting rates for King County reported in this report exclude these estimated tonnages
recovered through backyard composting.

1King County spent $682,239 on capital and operating expenses for its backyard composting program in the second
year of the program’s operation (April 1990 to March 1991). Most of the costs associated with backyard composting
are one-time implementation expenditures, such as bin purchase and distribution, and technical assistance. The County
spent $380,334 to purchase 19,017 bins (approximately $20 each) and was reimbursed $195,460 by participating
households. Thus the County’s net outlay for compost bins came to $184,874 in 1990-91. Program operating expenses
totaled $301,905. Of this, $114,304 was spent on program operations, $91,491 on marketing, $66,625 on bin distribution,
$22,370 on program administration, $4,464 on monitoring and surveys, and $2,651 on a bin brochure.
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12This tonnage actually covers the period July 1990 to June 1991.

13Lisa Skumatz, “Garbage By the Pound: The Potential of Weight-based Rates,” Resource Recycling, July 1991. Seattle,
Washington and Farmington, Minnesota have tested or plan to test residential weight-based refuse collection rates.
4Lisa Skumatz (Synergic Resources Corporation, Seattle, Washington), personal communication, March 1992.

151t is difficult to determine the effect of variable refuse rates in many instances, since communities do not always
track tonnages generated before and after the implementation of these rates. Also, while per capita generation rates

may continue to rise after the implementation of variable rates, such rises may be less than would have otherwise
occurred.

16Attrition of commercial customers is responsible for at least a 3.1 percent reduction in waste collected. Perkasie's
residential waste includes some material collected from a small number of businesses.

17In 1988 the Borough did not enforce an ordinance banning backyard burning, but there were no complaints of smoke
or odor.

18Ljsa Skumatz, et al., Variable Rates in Solid Waste: Handbook for Solid Waste Officials, Vohime I (Washington, DC: NTIS
Document No. EPA 910/9-90-012b, June 1990).

19Approximately five incidences of illegal dumping, mostly involving placement of refuse in private dumpsters, were
reported in 1990.
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Overview

Our case-study communities with
comprehensive source-separation composting
programs are diverting significant amounts of
organic materials from disposal facilities. Most of
the communities recovering more than 30 percent
of their municipal solid waste (MSW) are
composting at least 11 percent of their waste.
While 28 of the 30 communities studied have some
type of composting program, some are more
comprehensive than others. Communities with
composting rates greater than 11 percent typically
provide frequent and convenient collection, target
a wide range of organic materials, serve a high
percentage of households, and offer incentives to
encourage composting. Set-out and collection
methods, composting techniques, and marketing
strategies vary widely among communities. By
comparing the operating experience of these
communities, this chapter discusses program
features that help to maximize recovery of organic
materials, one of the largest components of the
municipal waste stream. The first section of this
chapter details collection, processing, and marketing
strategies. The second describes policies
implemented on a local level to increase
composting levels. (See Table 2.1 for each
community’s municipal solid waste composting
recovery rate.?)

Collection, Processing,
and Marketing Strategies

Yard trimmings are a fairly homogeneous
component of the waste stream that can be
composted in residents’ backyards, at community-
scale composting sites, or in regional facilities.
Food discards, another significant portion of the
waste stream, can also be composted in residents’
backyards or composted on a community level.

Chapter Four
Comprehensive Source-Separation
Composting Programs

Finished compost serves as a soil amendment or
mulch, improving the physical, chemical, and
biological properties of soil. In the case-study
communities with source-separation composting
programs, the supply of and demand for compost
are usually well-balanced. In some cases, demand

exceeds supply.?

Communities with composting rates
greater than 11 percent typically provide
frequent and convenient collection,
target a wide range of organic materials,
serve a high percentage of households,
and offer incentives to encourage
composting.

Collection

Tables 4.1 and 4.2 describe yard trimming
collection program characteristics during the base
year of study, including program initiation year,
curbside versus drop-off service, types of materials
collected, and set-out and collection methods.
During the base year two communities, Providence,
Rhode Island and Peterborough, New Hampshire,
did not have composting programs.

As indicated in Table 4.1, many compunities
are encouraging backyard composting and "don’t
bag it" programs to reduce yard waste collection
and processing costs. Many of the listed
communities report that a substantial number of
residents are employing such techniques. For
example, the City of West Linn, Oregon estimates
that 15 to 20 percent of all yard debris generated
in 1990 was composted in residents’ yards. (See
Chapter 3 for a discussion of backyard composting
programs.)

Composting 25
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There are two ways to collect source-separated
yard waste for composting at community-scale or
regional sites: curbside or drop-off.

Curbside Collection

Twenty-four of the 30 communities studied
have curbside collection prograins. However, some
of these service only a limited number of
households and/or provide only fall leaf or
seasonal Christmas tree collection. To collect yard
debris and trimmings, communities often utilize
existing public works equipment such as front-end
loaders, refuse packers, and dump trucks. Packer
trucks have the advantage of compacting material,
reducing the frequency of unloading. Some
communities purchase new equipment such as
vacuum leaf loaders. The loaders can either be
hooked up to existing packer or dump trucks, or
can be purchased as a self-contained truck and
vacuum loader unit. Leaf loaders, used in
conjunction with existing vehicles cost
approximately $10,000 to $20,000 each; self-
contained vacuum loaders cost approximately
$100,000. (See Chapter 8 for a discussion of how
using existing equipment can reduce capital costs.)

Collection methods vary depending on the type
and amount of yard materials collected. During
the fall months of heavy leaf generation many
communities collect leaves loose, using front-end
loaders or vacuum attachments, to relieve residents
of the task of bagging leaves. In northern cities,
temporary crews are often hired or shifted from
other departments to collect fall leaves. In Takoma
Park, Maryland, for example, four five-person
crews collect leaves in November and December;
10 crew members are temporary employees and 10
are assigned from the Streets and Parks
Department. One worker drives the collection
vehicle, one prepares leaves for vacuuming, one
operates the vacuum, and two rake the leaves into
the vacuum. Leaves are blown into a leaf collection
box located behind the vacuum loader. In Monroe,
Wisconsin, the Streets Department picks up fall
leaves utilizing a retrofitted jeep with a push broom
attached to the front. Drivers push leaves to street
corners and a front-end loader scoops the material
into a packer truck. Berlin Township switched
from vacuum collection to front-end loader
collection after designing a scoop—a 2-cubic-yard
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container with the end cut out—to attach to the rear
of the refuse vehicle. The Recycling Coordinator
claims this scoop enables the crew to collect 50
percent more leaves in a day than with the vacuum
loader.

Case-study communities with year-round
collection of yard trimmings usually request
residents to place trimmings in cans or in plastic or
paper bags. Crews generally collect bagged
materials in packer trucks. Plastic bags are not
accepted in Naperville, King County, and Takoma

Park because of problems associated with
debagging the yard materials. The City of Monroe
recommends that yard debris be placed in
transparent plastic bags to ensure that residents
separate yard waste from refuse.

West Palm Beach, Florida collects yard debris
year-round using an alternative method. Fine-
toothed loaders shaped like clamshells are attached
to cranes. The loaders pick up both bagged and
loose yard trimmings at the curb and dump the
material into compactor trucks.

How Berlin Township,

riin Township current
“to compost ‘additional ma
o implement a comprehiensive y
year-round curbside _collection fol
and brush from all of fts
s and businesses may also d
ated in the Township. n addi

Achieve High Compos
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A study conducted in Bristol, Connecticut
found that collecting bagged leaves requires less
time and is more cost-effective than collecting loose
leaves using a front-end loader.* However, our
data indicate that both methods are cost-effective
when large amounts of Mmaterial are recovered.
Therefore, communities might consider utilizing a
set-out and collection method that maximizes
resident participation in the program. (Chapter 8
provides a full discussion of the costs of
composting collection and processing.)

In communities that provide curbside
refuse collection, curbside yard waste
collection is needed to divert large-
volume materials (such as fal] leaves
and spring and sSummer grass
clippings), but drop-off programs can
play a crucial role in capturing
additional organic waste off-season.

Drop-off Collection

Drop-off collection of yard debris can be
practical and cost-effective. In rural and smaller
communities, particularly in those where residents
self-haul refuse, drop-off programs have recovered
significant amounts of yard waste. In communities
that provide curbside refuse collection, curbside
yard waste collection is needed to divert large-
volume materials (such as fall leaves and spring
and summer grass clippings), but drop-off
programs can play a crucial role in capturing
additional organic waste off-season. Mobile drop-
off centers can serve several Mmunicipalities on a
rotating basis. These sites may also provide the
only Opportunity for private businesses such as
landscapers to divert their yard trimmings from
disposal. Communities can provide residents and
private haulers maximum incentive to deliver their
yard debris to drop-off sites by locating these at
disposal facilities and accepting source-separated
yard waste free of charge or at a reduced tipping
fee. Volume-based refuse rates can also encourage
residents to use drop-off sites.

30 Composting
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The rural community of Bowdoinham, Maine,
for example, has a yard debris drop-off site at the
landfill, where two-thirds of the residents self-haul
refuse for disposal. Residents pay volume-based
rates to drop off refuse and no fee to drop off yard
trimmings. In fiscal year 1990, Bowdoinham
diverted 11 percent of its MSW through composting
leaves and grass clippings at this site.

Although residents in West Linn, Oregon can
receive curbside yard waste collection, they pay a
lower fee (30.50 per bag of leaves and $3 per cubic
yard of brush) to drop off yard waste at the drop-
off center than to have it collected at curbside ($3.50
for each bag of leaves and $7.50 for each bundle
of brush). The City composted 21 percent of its
municipal waste in 1990. Only an estimated 4 of
the 1,552 tons composted were collected at
curbside.

Processing and Marketing Strategies

Communities compost yard debris using a
variety of techniques some requiring little or no
maintenance, others requiring more intensive
intervention. Each system has its own advantages
and disadvantages. ~Instead of composting yard
trimmings, communities may choose to grind them
for a mulch product or spread them directly on
agricultural land. Table 4.3 compares some of these
methods. The amount of residua] material
(including plastic and other noncompostable
materials) rejected from composting or mulching
sites utilized by our communities is generally low,
from 0 to 2 percent by weight. West Palm Beach,
Florida reported a very high reject rate of 26
percent in 1990, which it attributed to careless set-
out and collection methods.> The City was not
required to pay a tpping fee at the mulch site that
year and did not actively remind residents to keep
refuse out of yard materials,

Finished compost or mulch is given away to
residents free of charge in 13 communities and sold
in 12 communities. Through the sale of compost
or mukch end products, communities can recoup
some of the costs associated with yard debris
collection and processing. Selling compost or
mulch end products also emphasizes to residents
and landscapers the value of such material. (Table
44 lists the compost and mulch end products and
per ton revenues.)




Many of the rural communities that compost
their yard debris use low-technology systems,
which require less intervention, and are thus
generally less expensive. However, materials take
longer to compost in Jow-technology systems, and
a lack of adequate oxygen in the compost pile can
result in the generation of malodorous compounds.

Turning a pile more frequently can reduce odor

problems® In addition, because yard debris and/
or finished compost is often not screened or ground
in low-technology systems, the finished product
may not be as uniform as that produced with other
methods. Low-technology composting systems are
often used in communities that have secluded
composting sites, much available land, limited
available capital equipment and labor, and little or
no intention of selling the finished product. All
the communities studied that processed yard
trimmings using low-technology methods,
including Takoma Park, Bowdoinham, La Crescent,
and Monroe, did not seli the finished compost but
allowed residents to take it free of charge.

Through the sale of compost or mulch
end products, communities can recoup
some of the costs associated with yard
waste collection and processing. West
Linn, Oregon earned $16,000 in 1989
from the sale of compost products.

Of the communities studied, fifteen compost
yard debris in windrows (elongated piles) using a
medium level of technology. Contaminants (such
as plastic and paper) are removed, and material
may be screened or ground prior to forming into
windrows. In medium-level systems, windrows are
turned a minimum of four times per year to control
oxygen levels and temperature, and to hasten
decomposition. After the decomposition process,
windrows are often formed into curing piles until
the microbial activity slows down to the point at
which the compost is deemed stable. An end
product, suitable for landscaping and gardening
purposes, is complete in less than 1 year, and often
in 4 to 8 months, Five of the communities that
utilized a medium processing technology sold their

compost. For example, Cape May County, New
Jersey sells its compost for $7 per cubic yard. West
Linn, Oregon eamed $16,000 in 1989 from the sale
of compost products, which it sells to residents for
$5 per cubic yard or $0.50 per 3-cubicfeet bag.

High-technology systems are utilized in three
of the communities studied: Austin, Texas;
Berkeley, California; and Naperville, Illinois.
(Austin co-composts leaves and sewage sludge) In
higher-technology composting systems, windrows
are turned frequently {(e.g., once per week), internal
windrow temperatures are monitored daily, and
nutrients and/or water are added as needed to
hasten decomposition. Higher-technology systems
can handle more material per year than lower-
technology systems on the same amount of land
because the compost is complete in much less time.
High- and medium-technology composting systems
are often used in urban and suburban communities,
where high volumes of yard debris combined with
a shortage of space demand a time-efficient process.
These systems offer an additional advantage for
urban- and suburban-based composting sites, which
are often located near populated areas; the more
frequent turning aerates windrows and reduces
odor problems.

Both medium- and high-technology composting
systems can produce higher-quality mulch and
compost end products that are more readily mar-
ketable. Two of the three cities with high-technol-
ogy systems, Austin and Berkeley, sell their fin-
ished compost, while five of the communities with
medium levels of technology give the finished
product away for free. Austin sells its compost end
product under the trade name “Dillo Dirt.” The
Wastewater Treatment Department received $12,000
in 1990 from the sale of compost products.

Finished compost can also be utilized by the
municipality. A number of public works depart-
ments use mulch and finished compost in parks
and recreation areas, and alongside highways. An
estimated 80 percent of Newark, New Jersey’s
compost is distributed to 266 community gardens
and 540 backyard gardens through Rutgers
University’s Urban Gardening Program. A small
amount of Newark’s compost is sold to private
businesses for $2 per cubic yard.

Landfill cover represents a lower-value use for
finished compost, as practiced in several commu-
nities. In 1991 Bowdoinham, Maine began to
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for yard waste dropped off at iis sludge

was charged an $18 per ton tipping tee for tons delivered
$37 per ton for y

Farm{s) -- Organic materials are tilled into or spread over fields at cne

buted without turther proces
windrows (either screened or not) and tumed up 1o four times per year. Materials 1ake at least 1 year to compost,

ng; Plie - Organic materials are placed into one or more large phes.
& ofien ground or shredded and sometimes watered before forming into wirdrows or piles. Windrows or piles are wrned

sl

before forming into windrows or piles. Additional nutrients can be added lo speed the cOMpost process.
coilectod at curbside are spread on local farms.

i1 one or more rows for decomposition;

Compost Fadility covered the first 24,000 tons only; the City
902.

Authority (SWA) charges the City of West Paim Beach a tipping fee of
ity, which began operations in October 1981. The data given above are for the SWA's 5-acre mulch site at the North County Langfill.

gar, and Compost is ready in 4 10 8 months.

laced in piles or

¥

ic materials are placed

ms; Muiched -- Materials are ground and diatr
t by residents to the drop-off site is windrowed; leaves

fee at the Cedar Groves
The contract was renegatiated in 1

.- Material is screened and/or watered

Medium technology — Materials ar
approximatety four imes per

or more local farl
(p) Low technology - Materials are pl
(i) Paim Beach County's Soiid Waste
co-composting fach

(&) Windrow -- Collected organ
{p) Yard waste broug

(h) Seattie’s contract

above 24,000.

Notes:

compost food scraps, mixed waste paper, and other
organic scraps. The finished compost is used as
landfill cover, saving the Town between $8 and $10
cubic yard for new cover material. When its
landfill closes in 1992 the compost will be used as
a final cover. Lincoln, Nebraska also uses its
compost as a fill to help dlose the old landfill.

Some communities, such as West Palm Beach,
Florida, Mecklenburg County, North Carolina, and
Columbia, Missouri, mulch yard materials, par-
ticularly wood waste and brush, in lieu of more
time- and land-intensive composting. Mulch can
be used for landscaping purposes, to retain mois-
ture in soil, and to control the growth of weeds.
Mecklenburg County sells mulch produced from
leaves, grass clippings, and small brush to the
general public for $6 per cubic yard, and compost
for $10 per cubic yard. Cape May County, New
Jersey sells a muich product for $10 per cubic yard.
Some mulch is also used asa landfill cover.
Palm Beach County uses mulch for landfill man-
agement including erosion control and landscaping.

Yard debris materials can also be used with-
out being composted, mulched, or shredded. Cape
May County dug an 8-foot “Hibernaculum” trench
for large brush and stumps to be used as a wild-
life habitat. The process will be repeated in an es-
timated 7 to 10 years, when these materials have
decomposed. Boulder, Colorado and Columbia,
Missouri sank Christmas trees in lakes to improve
fish habitat. In Lafayette, Louisiana, trees were
used as wave barriers and sediment traps to pre-
vent coastal erosion.

How Do Communities
Increase Composting Levels?

Charts 4.1 and 4.2 show the importance of
composting in reaching a high level of materials
recovery. The four communities recovering at least
50 percent of their municipal waste—Lincoln Park,
Berlin Township, Bowdoinham, and West Linn—
are composting between 11 and 30 percent of their
municipal waste.” Since yard debris is often a
larger component of the residential waste stream
than of the commercial and institutional waste
streams, yard debris composting has an even more
pronounced effect on residential recovery levels.
For example, Fennimore, Wisconsin composted 13
percent of its municipal waste stream but 26

Composting a3
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Chart 4.1
Percent of Municipal Solid Waste Recovered

[ Percent Recycled

I Parcent Composted

percent by weight of MSW recovered

West Linn

-3
: 1
- I
T8

Notss: Total waste recovery level is utiized Jor Austin, Newark, and Upper Township. In 1990 Columbia did not track yard debris tonnages mulched.
MSW recovery rates are not available for Naperville, Perkasie, and Takoma Park.

percent of its residential waste stream in 1990.
Communities with extensive landscaping, mature
deciduous trees, and spacious yards generally have
the potential to reach higher composting levels than
other communities.

The following activities have proven success-
ful in enabling communities to divert large portions
of their waste through composting:

» provide frequent curbside collection of yard
debris for composting;

o target all residential buildings for yard debris
collection;

« promote and encourage backyard
composting and “don’t bag it" programs;

s offer collection of a variety of yard debris
materials;

o start pilot programs collecting food discards for
composting;

» increase residential, commercial, and institutional
participation (strategies include mandates and
economic incentives); and

s encourage landscapers and businesses to compost.

Frequent and Convenient Collection

The frequency of yard debris pick-up affects the
level of participation and consequently the level of
composting. Setting out yard trimmings for
composting needs to be as convenient for residents
as setting out their refuse. Weekly year-round
curbside collection of organic waste for composting
has proven effective in reaching high recovery
levels in Betlin Township, Takoma Park, West Palm
Beach, and Lafayette. Until June 1990, Takoma
Park collected leaves during the fall months only.
When it added year-round collection of leaves and
grass clippings to its seasonal fall leaf collection
program, the percentage of residential waste
composted increased from 18 percent in 1990 to 24
percent in 1991.

Communities recovering large amounts of yard
debris have collection programs that mirror yard
debris generation patterns. In Southern cities, such
as West Palm Beach and Lafayette, year-round
collection is essential to reach high composting
levels. Lafayette implemented a year-round,
weekly collection program in May 1990 for leaves,
grass clippings, branches, and brush. The program

Composting 35
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was so effective that durin
Operation, the City composted 18 percent of its
residential waste.8 West Palm Beach recovered 18
percent of its residential wa
to March 1991 through year-

yard debris collection.

implemented a weekly,

In northern climates

round collection,

trimmings 8 months of

collected leaves and brush
during three seasons, an
average of three times each
season.  Lincoln Park
composted 30 percent of its
municipal waste in 1990
through mandatory
curbside collection of
leaves, brush, and grass
clippings, at least twice per
month, in the spring and
fall. The  Borough
augments seasonal
collection with a drop-off
site at the recycling center
that accepts yard materials
year-round. Sixty percent
of all residential material
composted in 1990 was
collected at curbside; the
remainder was accepted at
the drop-off site. In
contrast, the City of
Philadelphia, which collects
leaves only once per year in

the neighborhoods
considered to have the
highest tree density,

composted less than 1
percent of its residential
waste in fiscal year 1990,
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g the first year of its

ste from April 1990
round, twice monthly
In fiscal year 1989,
Mecklenburg County collected an estimated 1,176
tons of yard debris at its drop-off site. Charlotte,
which has 80 percent of the County’s population,
year-round curbside
program in January 1991.  With the addition of
this program, the County recovered 15,881 tons
of yard debris during the first 6 months of 1991

almost 14 times the amount collected in 1989,

» frequent seasonal
collection can be an effective alternative to year-
Naperville, Hllinois composted
13 percent of its residential waste in 1990 through
weekly collection of grass clippings and garden

the year. The City

Target All Residential Buildings for
Yard Materials Collection

The three communities collecting yard debris
at curbside from 100 percent of their households—
Fennimore, Upper Township, and Berlin
Township—composted between 13 and 39 percent
of their residential waste’ The four municipalities
targeting the lowest percentage of their total
households with curbside pick-up, Berkeley (6
percent served), Philadelphia (7 percent served),
Sonoma County (1 percent served), and Lincoln (3
percent served), are among the communities with
the lowest composting rates. Santa Rosa is the
sole city providing curbside yard debris collection
in Sonoma County. However, the pilot curbside
program provides service to only 1 percent of Santa
Rosa’s population. The City collected 50 tons of
leaves and 33 tons of wood waste in 1990, less than
1 percent of residential materials recovered.

—

45%
5%
25%
15%

5%

percent by weight of residentiaj wasle composted

Chart 4.2
Percent of Residential Waste Composted

Berfin Township
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Target a Wide Range of Materials
for Collection

Communities collecting more types of organic
waste for recovery generally have higher
composting levels. The seven communities
composting at least 15 percent of their residential
waste stream composted at least three different
types of organic materials. Of the 12 communities
composting more than 10 percent of their
residential waste stream, 9 collect grass clippings
at curbside. Berlin Township composted 30 percent
of its municipal waste in 1990 and collected five
types of organic materials—leaves, grass clippings,
brush, wood waste, and christmas trees—year-
round at curbside. Austin, which collected only
one type of organic waste at curbside, composted
only 2 percent of its residential waste. Table 4.1
specifies the types of organic materials collected.

Berlin Township composted 30 percent
of its municipal waste in 1990 and
collected five types of organic waste—
leaves, grass clippings, brush, wood
waste, and Christmas trees—year-round
at curbside.

Problems can arise as communities expand the
number of materials targeted. For example, in
response to a statewide yard debris ban, Naperville,
Iilinois began to collect and compost grass
clippings, leaves, and brush. However, the City
received some complaints from residents near the
compost site about odor problems, which had
developed due to composting an unbalanced ratio
of grass clippings, leaves, and brush. Because grass
clippings are high in nitrogen, they decompose at
a faster rate than other yard trimmings. Odor can
be avoided by providing an adequate supply of
oxygen and a higher percentage of leaves, which
are high in carbon. (Leaves collected in high-
volume months, can be reserved to compost with
grass clippings generated primarily in spring and
summer.) In addition, "grasscycling” and backyard
composting programs can obviate the need for
large-scale composting of grass clippings. (See
Chapter 3 for more information on these programs.)

Communities without accessible markets for
mixed paper can compost these materials.
Bowdoinham residents separate mixed paper such
as junk mail, high-grade paper, papetboard, and
paper towels from other recyclables. These
materials are composted along with food discards
at the landfill; the compost will be used as a landfill
cover when the landfill closes in June 1992.

Composting Food Discards

Food discards constitute approximately 8
percent of municipal solid waste generated
nationwide, and a larger percentage of residential
waste. Some cities generate higher amounts. An
estimated 31 percent of residential waste and 19
percent of commercial waste generated in San
Francisco is food waste.

Recovery of food discards through composting
can elevate waste diversion rates. Communities
both within our sample and outside have diverted
large amounts of food discards from disposal
through composting programs. In addition,
communities that encourage backyard composting
of food scraps (excluding meat scraps and bones)
or vermicomposting (the use of worms to digest
and convert food waste into a fertilizer product),
can reduce their waste collection and disposal costs
and can increase recovery rates by reducing the
amount of solid waste generated. Residents can be
instructed in backyard or home composting
techniques to ensure optimal compost processing
and to avoid odor and vermin problems.

Backyard composting of food discards is
practiced in rural, suburban, and wurban
communities. While cities such as Newark, New
Jersey encourage backyard composting of food
scraps, other cities such as San Francisco encourage
vermicomposting. In 1990 San Francisco estimated
that residents were composting 4,414 tons of food
discards and 2,164 tons of yard materials at home,
an amount equivalent to 6 percent of all material
recovered from the residential sector that year. {(See
Chapter 3 for a discussion of backyard composting
programs.)

Food discards can also be collected at curbside.
Private New Jersey hog farmers collect food scraps
from residents in Philadelphia and Kodiac
Recycling collects food scraps from residents in
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Peterborough for recovery as animal feed. In 1990
Sunflower Recycling Inc., a private hauler in
Portland, Oregon, collected and composted food
scraps from 105 City households, Sunflower
provided residents with used 5-gallon paint or soap
buckets free of charge, and charged residents an
additional $2 for collecting the food scraps. Food
scraps, including bones and fat, were collected in
a separate side bin on a refuse hauling packer
truck. To process the material, Sunflower mixed
food scraps with sawdust (in a ratio of 2:1) in two
7-cubic-yard retrofitted cement mixers. The food
waste could be finished in 2 to 3 weeks; however
workers tended not to turn the material frequently,
so the composting process took 2 months on
average. The finished compost was sold at $10 per
cubic yard. Sunflower collected an estimated 5 tons
of food scraps per month in 1990.

Food waste can also be collected at
curbside. Private New Jersey hog
farmers collect food waste from
residents in Philadelphia and Kodiac
Recycling collects food waste from
residents in Peterborough for recovery
as animal feed,

The Town of Bowdoinham composted food
scraps collected from a local college cafeteria with
either mixed waste paper or leaves from the Town,
in order to compare the resulting finished
composts. Although the Town no longer composts
food scraps from the college, Bowdoinham
composts food scraps dropped off by residents

each Saturday at the Town’s Recycling Barn.

King County, Washington, including Seattle,
is actively pursuing new ways to recover food
discards. In FY 1992 the County allocated $800,000
to research the potential for food Scrap composting.
King County collected and composted food scraps
generated during its 1990 County Fair in order to
determine whether a consistent compost could be
produced and whether it was feasible to compost
food scraps on a large scale.

See side bars “New York's Park Slope
Neighborhood Intensive Recycling Project” and
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“Lessons from Abroad” for additional discussion of
food waste recovery programs.

Legislative Mandates and
Economic Incentives

Communities have implemented economic and
legislative incentives to encourage residents and
businesses to Source-separate organic materials, and
to encourage haulers to collect them for recovery.
Of the eleven communities with composting rates
of at least 7 percent, three (Berlin Township,
Lincoln Park, and Fennimore) require residents to
participate in source-separation programs, six (West
Linn, Bowdoinham, La Crescent, Dakota County,
Perkasie, and King County} charge volume-based
refuse rates, and Seattle has both variable refuse
rates and requires the source-separation of yard
debris. West Linn and Dakota County require
haulers to collect source-separated yard debris from
their refuse customers. (See side bar on Dakota
County’s User Fee Schedule.) West Palm Beach
alone among the top eleven has a voluntary
program without volume-based rates. West Palm
Beach can attribute its high composting rate to
twice monthly, year-round curbside collection of
yard trimmings from 75 percent of its residents.

Volume-based refuse rates are at the heart of
West Linn’s successful composting program. In
cooperation with the City, the private refuse and
recycling hauler charges less for the collection of
source-separated leaves and brush than for the
collection of refuse. In order to avoid the fee for
curbside collection of refuse and yard debris, many
residents choose instead to compost yard debris in
their yards (an estimated 15 to 20 percent of all
yard debris was composted in yards in 1990) or to
deliver materials to the composting site. Leaves,
grass clippings, brush, and wood waste are
accepted at the drop-off site for a lower fee than
that charged by the private hauler for curbside
pick-up. In 1990 West Linn composted 20 percent
of its municipal waste (excluding backyard
composted tonnages), primarily through drop-off
collection.

King County, Washington has developed
several types of drop-off collection programs for
areas not serviced with curbside collection of yard
materials. The County’s experience with its mobile
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drop-off depots, which rotate to different sites, County instituted a $5.25 per cubic yard tipping fee
emphasizes the importance of convenience and (estimated at $42 per toni®)—almost as much as the
financial incentives for maximizing residents’ refuse tipping fee of $47 per ton—reduced service
participation in such programs. Drop-boxes— at its mobile units from one week to one weekend
located at refuse disposal sites—serve rural areas, per month, and cut back from five mobile units to
while a mobile yard debris collection program four. During a 6-month period in 1990, the County
serves certain suburban and urban locations. In recovered only 683 tons (an average of 171 tons per
1989, the first year of the program, residents could mobile drop-off unit), almost 76 percent less than
deliver yard debris for free one week per month in the 6-month period the previous year."!

at one of five mobile drop-off depots. Over a 6- Yard debris disposal bans can lead to high
month period that year, King County reco.vered. a composting recovery rates. By February 1992, 15
total of 2,801 tons of material at fwe mobile units states, plus the District of Columbia, had enacted
(an average of 560 tons per unit). In 1990 the yard waste bans. (Connecticut, New Jersey and
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Chart 4.3
The Effect of Composting Landscapers’
Yard Debris on Composting Levels

35%

L |

Lincoln Park Upper
Township

[7] Residential Yard Debrie Composted
3 Landscapers' and Commercial Yard Debris Composied

Notss: For Upper Township, percentages are based on total waste genarated.
For Lincoin Park, percantages are based on MSW generated. re’
wasle consists of stumps and logs collected by tree trimming companies In
Lincoin Park. Residertialyard waste contains some commercial waste delivered
10 the drop-off site.

Pennsylvania ban leaves only.)2 These bans have
proven extremely effective in spurring the
implementation of yard debris collection and
¢omposting programs,

In April 1990, for example, Naperville
implemented weekly collection of garden trimmings
and grass clippings in response
to Hlinois’ yard debris landfill

debris generated. By allowing private haulers to
deliver their yard materials to drop-off sites for free
or at reduced tipping fees, communities can attract
haulers to composting sites and greatly increase
composting levels. Chart 4.3 indicates the
contribution of landscapers’ waste to overall
composting levels in Upper Township and Lincoln
Park, New Jersey. Cape May County, in which
Upper Township is located, allows businesses and
residents to drop off leaves and grass clippings free
of charge at the County-owned and -operated
composting site. Lincoln Park recovered 1,876 tons
of stumps and logs—equivalent to 12 percent of the
MSW generated by the Borough—from tree
trimming companies in 1990. These companies
could drop off materials free of charge. Seattle’s
two transfer stations accept yard debris, including
leaves and brush up to 12 inches in length, from
residents and businesses at reduced tipping fees.
Through this program, Seattle composted 15
percent of all waste self-hauled to disposal sites.’s

In Dakota County, Minnesota, residents,
landscapers, and haulers can drop off leaves, grass
clippings, garden trimmings, and prunings up to
6 inches in diameter at one of the five compost sites
in the County year-round. They pay a lower
tipping fee at the composting site than at the
landfill. In 1990 residents and landscapers dropped
off 2489 tons of yard materials at County sites,

ban, which became effective in
June of that year. In 1992, in
order to encourage residents to
compost at home and thus
reduce
processing fees, Naperville
began charging residents $1.50
per bag of yard debris set out.

Encouraging Businesses
and Landscapers to
Compost

In some communities, yard
materials generated by business
establishments and professional
landscapers constitutes a
substantial portion of total yard

. User Fee Schedule Helps Dakota County,

_Receive Loose Yard Debrls e

; . Inorderto encourage private haulers, landscapers, and residents
collection  and -"’f'f°de"\?er'lbb_séfathéfi_halﬂ'baggé'd-'y'arddebr_i.éfo_i.ts.th.ré.ebO.meSﬂﬁQl3'-

- sftes (to reduce compost processing labor and operating costsy; -

- Dakota County has implemented a stigir g-sc e
s User Fee Scheduler - 0 g

ip fee; which it calls
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representing 4 percent of MSW recovered and 15
percent of the total materials composted in the
County that year.

Since October 1990, Lincoln, Nebraska has
allowed residents and landscapers to drop off brush
and other yard materials at its transfer station for
$4 per pick-up load. Although the City only
composted 1 percent of its MSW in 1990, 80 percent
of this amount was yard debris self-hauled to the
transfer station.

In some communities, nonprofit organizations
and community groups operate composting sites
that accept commercially generated materials. In
Austin, Texas, residents and landscapers can bring
leaves and grass clippings year-round to a 6-acre
compost site operated by Austin Community

Gardens, a nonprofit horticultural organization.
Residents drop off material free of charge, while
landscapers pay a $35 annual fee. In 1989
landscapers contributed an estimated one-half of the
materials composted that year. The compost is
applied to the 23 public gardens operated by Austin
Community Gardens. In 1989 this organization
composted 5,628 tons of yard debris—67 percent of
total yard debris recovered in Austin.

Conclusion

By integrating the best features of the best
composting programs listed above, communities can
divert a significant percentage of their waste from
disposal while producing a valuable and marketable



i'i'was'te'Prévé'n%i'é'ﬁikecy'é_lfﬁg;mrcanpostfﬁéoﬁfiénsi Lessons from 0 US, Communities.

soil amendment. Because yard and food materials organic fractions of both the residential and

constitute a significant portion of the municipal commercial waste streams in order to maximize
waste stream, communities need to target these recovery.
Notes

IThis report examines source separation of yard debris and food Scrap composting only. It does not provide an overview
Or an assessment of mixed MSW or sludge composting.

An many cases, communities do not weigh yard materials, but rather convert volume to weight using local, regional,
Oor national conversion factors. See Appendix C for sample conversion factors.

has yet to produce a marketable end product. At the end of January 1992, Portland’s composting facility, the nation’s
largest operating MSW composting system, stopped accepting garbage due to persistent odor problems. Tests have
shown lead content in the end product exceeding the acceptable standard of 250 parts per million,

“Lori Segall and Ron Smith, “Raking Versus Bagging,” BioCycle, September 1989, 44-45.

SWest Palm Beach’s 18 percent residential composting level excludes the 4,299 tons of contaminated yard debris, which
were disposed.

other organic waste. Although fish waste gives off a strong odor, this reportedly does not create a problem since
the compost site is located 6 miles from the Town.

7Except for San Francisco, composted tonnages do not include tonnages recovered through backyard composting or
“grasscycling” programs.

While Wapakoneta collects leaves from all its households, it does not track residential recovery rates and, up until
June 1990, it burned a significant portion of its yard debris,

YThe tipping fee for mixed yard debris was converted from volume to weight using a conversion factor of 250 lbs.
per cubic yard. (Regional Yard Debris Recycling Plan, Portland, Oregon, December 1990.)

“George Brabec, “The First Statewide Yard Waste Ban: Meeting the Challenge,” Resource Recycling, February 1992, 69-
74. :

PThe self-haul waste stream includes recyclable materials and waste brought to the City’s transfer station by residents
and businesses.
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Overview

The nation has experienced tremendous growth
in residential recycling opportunities in the last few
years. In 1988 there were a little over 1,000
curbside recycling programs (full-scale and pilot)
operating; by 1991 there were nearly 4,000—a
growth of more than 250 percent in 3 years.!
Drawing on the experience of the 30 communities
studied, as well as model initiatives both in the
United States and abroad, this chapter describes
how municipalities are achieving high residential
recycling levels. (Composting programs, which are
also critical to reaching high levels of materials

Chapter Five
Improving Residential

Recycling Levels

recovery in the residential sector, are discussed in
Chapter 4) This chapter discusses the range of
design options (including set-out method, frequency
of collection, containers, and materials targeted),
and outlines the features that increase participa-
tion and the amount of material collected for
recycling.

Tables 5.1 and 5.2 list residential recycling,
composting, and recovery rates, and select program
characteristics for the 30 communities studied. As
indicated in these tables and Chart 5.1, communities
are recycling up to 42 percent of their residential
waste.?

Chart 5.1
Residential Recycling Levels

percent by weight of residential waste generatad

Notes: These rales exclude residential materials composted. For Philadelphia and Newark, residential material is publicly coflected waste. Bowdoinham's
tonnage includes waste generated from a small number of businesses. For Wapakoneta and West Linn, recycling rates represent MSW recyciing rates.
In Naperville and Takoma Park the recycling rate represents that for the city-service area (which includes less than 80% of hauseholds), not the whole city.
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vide service independent of contract.

092, for information on the basis of participation rates.
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(1) Seattle has two d

D o e  r me

While communities employ a variety of
techniques to recover residential recyclables, those
recycling large portions of their residential waste
typically employ the following strategies:

» providing convenient collection services to all
types of households;

* targeting a wide range of materials for recovery,
particularly those that comprise a significant
percentage of the waste stream;

« securing high levels of participation in recycling
programs (such as mandating residents recycle,
implementing strong economic incentives, and
conducting a comprehensive educational and
promotional program); and

» identifying outlets for collected materials.

Providing Convenient
Collection Service

Communities utilize a variety of methods to
collect residential recyclables and prepare them for
market. Collection strategies fall into two general
categories: curbside and drop-off. Residents are
most likely to participate in a recycling program
if doing so is as convenient as disposing of their
refuse. To make participation in recycling
programs as convenient as possible, and thus
maximize the amount of material collected,
communities are:

o providing weekly curbside collection of
recyclables if weekly curbside collection of refuse
is provided;

» offering service to all households;

e utilizing set-out and collection methods that
encourage resident participation as well as yield
high-quality, readily marketable materials;

» providing adequate containers for storage and
set-out of residential recyclables; and

» establishing recycling depots or drop-off sites at
disposal facilities if residents self-haul refuse.

Curbside Collection

Tables 5.3 and 5.4 describe curbside recycling
programs, including program initiation year,
number and type of households served, and service
provider. Of the 30 communities documented, only
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Table 5.5
Seattle’s Curbside Recycling Program By Section
Material North Section South Sectlon Total
(Tons, 1990) (Tons, 1990) (Tons, 1990)
Newspaper 9,057.2 8,315.8 17,373.0
Mixed Paper 9,687.8 7.514.0 17,201.8
Glass 4,874.2 42227 9,096.9
Aluminum 3585 2366 595.1
Tin 745.3 561.4 1,306.7
PET 64.0 99.0 163.0
Total 24,7870 20,949.5 45,736.5
Frequency of Coliection Waakly Monthly —_
Recyeling Contaliners Three 12-gallon  One 60-or 90-gallon toter -
stacking containers
Materlal Set-out Commingled glass, aluminum, and All glass, PET containers, -—
ferrous cans, and PET containers aluminum and tin cans,
in one bin; mixed waste paper in a newspaper, and mixed
second bin; newspaper in a waste paper inone
third bin; corrugated cardboard on side. containet.
Collection Vehicle(s) Compartmentalized Rear-loading Packers —_
Reacycling Trucks
Avg. No. of HH Served (a} 60,256 61,290 121,546
Particlpation Rate (b) 89.6% 77.3% 83%
Avg. Pounds per HH per Year g22.7 683.6 752.6
Avg. Pounds per HH per Weeak 15.8 13.1 145
Notes:
Seattle beligves that sociceconomic factors (in addition to collection frequency) may contribute to the differenca in participation. The north end of
Seatle is considered the University section, and, in general, is a higher income area than the south end. )
(a) Seattle records the number of househokds signed up for the curbside program on a monthly basis. The average number of households served is
the average of these numbers over 12 months of the year.
{b) Participation rate is defined as the sign-up rate—the ratio of the number of households registered for the program W the number of households
eligible. As of June 1891, the participation rate increased to 92.3 percent in the north and 80.4 percent in the south section. In 1989, 89.3 percent of
housaholds in the north section and §7.3 of the households in the south seclion were registered.

Wapakoneta does not provide the option of
receiving curbside recycling service?

Collection Frequency

The majority of communities in this study with
curbside recycling programs have weekly collection
(see Table 54).}

In fact, most of the programs with high
participation and recovery rates have weekly
collection of recyclables. In communities with both
weekly and monthly collection of recyclables,
neighborhoods with weekly collection have higher

participation rates. Participation in Portland’s
monthly collection programs averages 23 percent,
while participation in its weekly programs averages
57 percent. In 1990 the north end of Seattle
achieved a 90 percent participation rate in its
weekly program, while the south side experienced
only a 77 percent participation rate in its monthly
program. (Table 5.5 compares participation rates,
tonnage data, and program characteristics for
Seattle's two curbside program).® Similarly, in
communities that have switched from monthly to
weekly collection, participation rates have
increased. When Naperville switched from
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biweekly to weekly collection in May 1990, overall
monthly program participation increased from 54
percent in 1989, to 75 to 80 percent in 1990.

When participation increases, the amount of
materials collected tends to increase. The tonnage
of recyclables collected in Naperville after its switch
from biweekly to weekly collection increased from
an average of 436 tons per month (for the first 4
months of 1990) to an average of 750 tons per
month (for the subsequent 5 months)—an increase
of 72 percent. The same number of households
were serviced and the same types of recyclables
were collected. When Berkele , California switched
from monthly to weekly curbside collection during
1988 and 1989, curbside tonnages jumped
significantly, from 2,044 total tons collected at
curbside in FY 88 to 5,984 tons in FY 90. The same
materials and households were targeted both years.
Newark switched from biweekly to weekly
collection of recyclables in October 1991; 20 percent
more material was recovered in November 1991
than in November 1990,

More frequent collection can also increase the
set-out rate and reduce the amount of material set
out per household per collection day. This requires
a collection vehicle to make more stops before
filling up, thus decreasing collection efficiency.
With the switch from biweekly to weekly service
in Naperville, for example, the number of set-outs
per collection day increased by 152 percent, while
the weight of each set-out decreased by an average
of 25 percent. (The total amount of material
recovered from each household grew from 61
pounds per month to 71 pounds per month.)
Additionally, the amount of certain materials
recovered, including corrugated cardboard and
HDPE plastic containers, increased
disproportionately. The Naperville Area Recycling
Center (NARC) explains that the bulkiness of these
materials makes them inconvenient to store. When
recycling collection became more frequent, storage
was no longer a problem and setting out such
materials for recycling collection became as
convenient as setting them out for refuse collection.
Weekly collection of recyclables appears to be
especially important in communities with weekly
or twice weekly collection of refuse, since residents
may be inclined to dispose of recyclable materials
with refuse, particularly if storage is a problem.

50 Residential Recycling

Collection Day

Collecting recyclables on the same day as refuse
does not necessarily increase participation rates or
residential recycling rates. Establishing a consistent
recycling collection day, and cond ucting an effective
promotional program that instructs residents to set
out recyclables on the designated day, appears to
be more important than collecting recyclables on
the same day as refuse. The cities of Perkasie,
Seattle, and Fennimore, which collect recyclables on
a different day from refuse, all record high
participation and recycling rates. The City of
Portland has concluded that its low participation
rates result from confusion regarding the collection
day as much as from infrequent (monthly)
collection of recyclables in some parts of the City.
While the fact that recyclables are not collected on
the refuse collection day in parts of the City
contributes to this confusion, a more substantial
cause is the lack of a routine collection day within
neighborhoods. Houscholds on the same block
may have different haulers and therefore different
recycling collection schedules. Thus, setting out
recyclables on collection day is not reinforced by
the observed behavior of one's neighbors.

Offer Service to All Households

The more households that receive curbside collection
of recyclables, the more residential materials a
community will recover. Many of these communities
with the highest residential recycling levels, such as
Berlin Township, New Jersey; Fennimore and Monroe,
Wisconsin; La Crescent, Minnesota; Perkasie,
Pennsylvania; and West Linn, Oregon, collect recyclables
from at least 90 percent of their houscholds. (See Table
53.) Many of the communities with lower residential
recydling rates collect recyclables from a limited number
of households. In 1990 Philadelphia serviced only 28
percent of households in its public service area, and
recycled only 6 percent of its publicly collected waste.

Communities wishing to raise recycling levels
not only target all households with recycling
collection, but also secure the participation of
serviced households. Chart 5.2 compares net
participation rates (the percent of total households
serviced multiplied by the participation of serviced
households) with residential recycling rates.
Austin serviced only 55 percent of households with
recycling collection in FY 1989; of these, only 40




100%

Chart 5.2
Net Household Participation and Residential Recycling Rate

Lincoln

West Paim Beach
Newark

Austin
Philadelphia
Meckienburg Co.

3 9% of Total Households Recydling
—=— Residential Recycling Rate

Tables 5.2 and 5.3.

Notes: Net household participation represents the percent of total households receiving curbside recycling collection multiplied by the participation
rate. For Providence, Philadelphia, Takoma Park, Naperville, and Perkasie recycling rate rapresents that in the City refuse collection jurisdiction
only, in which 100% of households are serviced. For Philadelphia, the net participation rate represents thatin City refuse collection area only. See

Fennimore

Takoma Park

Berlin Township 2 e Fe

percent participated. This resulted in a 22 percent
net participation rate, which explains Austin’s
residential recycling rate of 5 percent. The
communities of Berlin Township, New Jersey and
Fennimore, Wisconsin have high participation rates
of 97 and 100 percent, respectively, and are
recovering (recycling and composting) more than
half of their residential waste stream. Participation
in these communities’ programs is required by law.

Providence is servicing 94 percent of its
households (100 percent of the City's refuse
collection district), but has achieved a moderate
participation rate of 74 percent. (In addition,
during the base year of study, Providence collected
fewer types of materials for recovery than many of
the communities with higher recovery rates) In
1990 Providence recycled only 10 percent of its

residential waste. Providence is working to
increase program participation through education
and publicity materials.

On the other hand, the cities of San Francisco,
Seattle, and Boulder are recycling at least one-
quarter of their residential waste streams despite
the fact that their curbside programs serviced only
36, 60, and 73 percent of households, respectively.
In these communities residential recyclables are also
collected through many private drop-off and buy-
back sites? Seattle’s 31 percent residential recycling
rate is also attributed to the large amount of
material collected at curbside per serviced
household (14.5 pounds per household per week),
primarily due to the collection of many grades of
mixed waste paper.
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Some cities already have plans to expand their
curbside programs. Austin, for example, began
collecting recyclables from an additional 1,500
households in 1991.

Recycling in Multi-Unit Buildings

In many communities, particularly urban areas,
a large percentage of residents live in multi-unit
buildings. Because refuse collection from these
buildings is largely left to the private sector, many
cities overlook large multi-unit buildings in setting
up their residential recycling programs. (See Table
5.3.) However, cities with a large proportion of
residents living in multi-unit buildings will have
difficulty reaching high materials recovery levels

without targeting multi-unit households for
recyclables collection. The City of Austin, for
example, recycled 5 percent of its residential waste
in FY 89 by collecting recyclables from one- and
two-family households; nearly 40 percent of
residents did not receive collection, since they lived
in buildings with three units or more.

Recovering recyclable and compostable
materials from multi-unit buildings is typically
more challenging than collecting recyclables from
single-family units. Variables such as space and
layout, waste hauling contracts, length of resident
tenancy, and janitorial work agreements differ from
building to building. Cities also often hesitate to
intervene in apartment buildings’ private waste-
hauling arrangements. Yet programs currently

_ Bowdolnham, Malne, Perkasle, Pe
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operating indicate that multi-unit buildings can
achieve high levels of materials recovery. Local
government can play an important role in
facilitating these recycling efforts. Our case study
communities’ efforts to promote multi-unit recycling
include the following:

o establishing provisions that multi-unit buildings
comply with residential recycling requirements
and recover designated materials;

» providing collection service or requiring private
haulers to provide this service;

« offering haulers economic incentives to collect
recyclables;

« providing buildings with recycling containers and
other equipment;

« offering buildings technical assistance, including
waste audits;

« encouraging building owners and managers to
take an active role in planning and promoting the
program; and

s encouraging buildings to establish recycling
systems that closely parallel existing refuse
collection systems.

Portland, Oregon is currently working to
expand the delivery of recycling collection services
to multi-unit households. Refuse haulers in the
City are required to collect recyclables from only
one- to four-unit buildings. As a result,
approximately one-quarter of all households in the
City receive no recycling collection. (In addition,
15 percent of one- to four-unit households do not
receive collection) The City has contracted with
Portland State University (PSU) to set up recycling
collection systems in selected multi-unit buildings.
As of June 1991, 330 buildings had been supplied
with recycling systems. The City provides technical
assistance and supplies recycling containers (such
as 90-gallon carts), which PSU delivers to the site.
The hauler selected by the building collects and
markets the materials. (Buildings are not charged
an additional fee for the collection of recyclables.)
Many buildings have set up central recycling
depots in parking lots, while others instruct
residents to bring individual bins to the curbside.
The City budgeted $162,000, equivalent to $27 per
multi-unit household, to set up recycling systems
at 170 buildings containing a total of approximately
6,000 apariment units in 1992.

U5 Commantis

Portland State University conducted a 3-year
research and demonstration project on multi-unit
recycling. By closely studying 20 representative
multi-unit recycling systems, PSU reached the
following conclusions:

« Both depot and individual collection systems
operate well, but the recycling systems are
generally most effective when they parallel refuse
collection systems. For example, in one building
where newspaper recycling depots were
conveniently located on each floor near garbage
chutes, but other recyclables were collected in the
basement parking garage, one-half of those who
recycled reported that they recycled only
newspapers.

« Participation and diversion levels vary with the
program’s user friendliness, the location of the
recycling depot within a building/complex, and
the degree to which the manager promotes the
recycling program.

Over 80 percent of randomly surveyed tenants
reported participating in their buildings’ recyding
program. Actual measurements of recycled
matetials at representative sites indicated that over
30 percent of waste by weight was diverted. (This
excluded deposit containers and other material
taken to drop-off or buy-back sites.)

(See side bar, "New York City's Intensive
Recycling Project” in Chapter 4 for a description
of a comprehensive multi-material apartment
building recycling program.)

Curbside Set-out and Collection Methods

When implementing a recycling program, an
important first step is to determine which materials
to target for collection and how such materials will
be collected and prepared for market. These steps
are interrelated. Available markets and processing
capabilities will determine which materials to
collect.  Targeted materials and market
specifications will influence how recyclables should
be collected and processed.

A variety of curbside collection systems are
available for recyclable materials. Each collection
and processing system has advantages and
disadvantages. Sorting materials in the household
or on the collection route minimizes the amount
of sorting that must be performed at a processing
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center, and frequently results in lower overall
breakage and reject rates, increasing the net amount
of material marketed. Sorting materials at a
processing center may increase program
participation and speed up collection, but often
requires construction of a more capital-intensive
facility, which may be difficult for a community to
finance,

Table 5.6 details the set-out and collection
methods utilized by the 30 communities studied.
These represent a wide range of strategies, from an
entirely commingled set-out and collection
procedure used on the south side of Seattle, to an
eight-sort set-out system utilized by Naperville,
Ilinois, in 1990. Eight of the communities studied
require minimal separation on the household level;
that is, segregation into only two fractions: paper
in one container, and commingled food and
beverage containers in a second container. (In this
Teport, we have called collection programs
“commingled” when residents are required to set
out food and beverage containers in a single
container.} Four communities require complete
segregation of materials, including color separation
of glass,

Set-out requirements may affect program
participation. Chart 5.3 indicates that while both
programs with simplified set-out arrangements and
those with more complicated requirements achieve
Participation rates of 80 percent or higher, all three
of the cities that require more than five segregations
(including color-sorting of glass) have secured the
participation of 75 percent or fewer households.?
These lower participation rates may also be
attributed to factors such as voluntary participation
(@ll three programs are voluntary) and collection
schedules. The fourth city requiring color-sorting
of glass, West Linn, has an 86 percent participation
rate. Its steep volume-based rates may be more of
a recycling incentive than the color-sorting is a
deterrent.  In fact, this may be the case with
programs requiring four and five sorts. Five out
of six of these have volume-based refuse rates.
Many of the cities with the lowest participation
rates are actually those that require commingled
set-out with only two segregations. This can be
explained by the fact that many of these are large
cities with diverse populations, where securing
resident participation can be a challenging task.

Chart 5.3
Curbside Set-out Requirement and Participation Rate
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Set-out and collection systems affect the overall
recovery of materials. Within the 30 communities
studied, processing facilities that accept segregated
materials report low residue rates of 0 to 4 percent
by weight, while those that accept commingled
materials often rely on mechanized sorting and
report higher residue rates of 0.5 to 16 percent by
weight, largely due to glass breakage.’ If, for
example, the amount of recyclable material
disposed of as residue from Rhode Island 's
processing facility (which has a residue rate of 14
percent) is subtracted from Providence's collected
tonnage and added to their tonnage disposed, the
City's recycling rate would drop from 10 percent
to 9 percent. To increase the value of recyclables
collected, Seattle is requiring its recycling hauler
who services the south end of the City (which
previously utilized a fully commingled system} to
color-sort glass en route; paper contaminated with
broken glass was becoming increasingly difficult to
market. Sorting materials at the household level
or on the truck can increase the net tonnage of
material marketed. (See Chapter 8 and Table 8.17).

In the effort to increase materials recovery rates,
a few communities in Europe, Canada, and the
United States are pilot testing and/or implementing
nwet/dry" collection systems. These programs
typically target more materials for recovery in order
to achieve higher overall recovery rates. However,
due to the commingled collection system utilized,
a larger proportion of collected recyclables and
organics may be contaminated than is the case with
more traditional recycling systems. (See side bar,
"Wet/Dry Collection Systems.”)

Provision of Recycling Containers

Providing suitable containers to households for
storage and set-out of recyclable materials may
increase participation and recycling levels. The
majority of the 30 communities studied distribute
recycling containers to households. Table 54 lists
container type and size. Storage containers serve
several purposes: (1) they publicize a recycling

am and remind individuals to source-separate
material, thereby increasing program participation;
(2) they assist drivers’ identification of recyclable
materials and loading of materials onto vehicles;
and (3) they may increase the amount of material
residents set out per collection day by providing

a convenient and attractive place to store
materials.i

All the communities with the highest
participation rates {over 80 percent), except Upper
Township and Bowdoinham, distribute recycling
containers to residents. In Upper Township,
residents are required by law to source-separate
materials, and set-out is made convenient (only
three segregations are required). In Bowdoinham,
the per-bag refuse fee provides residents an
economic incentive to participate in the recycling
program. Many of the communities with low
participation rates (including Newark, Austin, and
Lincoln) did not distribute containers to residents.
Newark, with the lowest participation (estimated at
16 percent in 1989), had distributed recycling
containers to only 15,000 households.!!

Within the 30 communities studied,
processing facilities that accept
segregated materials report low residue
rates of 0 to 4 percent by weight, while
those that accept commingled materials
often rely on mechanized sorting and
report higher residue rates of 0.5 to 16
percent by weight, largely due to glass
breakage.

Container size may influence recycling rates.
Small containers may limit the amount of material
recovered. A container must not only be large
enough to accommodate current levels of material,
but must also accommodate substantial program
growth. Communities have found 5-gallen bins
suitable during the early stages of a recycling
program, but inadequate once new materials are
added to a collection program. Berlin Township’s
experience with different containers provides a
striking example of the importance of container
size. When the Township replaced its 5-gallon
buckets with 20-gallon buckets to accommodate
recycling of plastic containers, the amount of
commingled recyclables collected, excluding
plastics, increased 49 percent by weight with the
distribution of the larger buckets.
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| In pars of Europe and Canada, communiies have implementod a new type of materials
fecovery system known as ‘wet/dry” collection, - These Systems collect all refuse, recyclable, and -
- compostable ‘components in wo or three ‘ractions. " In the two-stream method, residents place

all wet wastes, including fo'dd_"_s'_craps'__.'"'jrard:Wast'e;"-a'ridf{sc'ﬂ_ed paper, in_one container, and all
dry waste, including recyclable components, in a second container. Wet and dry- fractions are -

Sollected in one dual-comparimentalized vehicie. Recyciables are separated from the dry fraction
-at-a processing ‘center: inorganics are screened out of the wet fraction at a composting fagility::

and the remaining material is composted. _Residual materials from the wet and dry fractions, -
‘which came 1o less than 40 percent of total materials i the pllot “studies’ conducted in-Guelph,
Ontario and Kokomo, Indiana; are landfilled. ' in the three-stream system, residents separate organic. -
yard and food waste into one bin, dry recyclables into a second, and residual malerials into -
a third. - Materials ‘are collected in two’ separate’ vehicles; generally,. organic waste and refuse.’

10 igloos or other depot sites, o e
. Wevdry collection systems typically achieve high materials recovery rates of over 60 percent...
A 10-week wet/dry pilot study conducted in Kokomo, Indiana, for.example, recovered 82 percent -
of all waste generated. Residents ‘in the 70" participating. households were extremely ‘surprised.

lo discover the ‘smail quantity ‘of ‘material needing to'be disposed. in the refuse bag destined -

for the fandil. = . -
.~ Appendix E outlines thie resul
y 90,000. -

ts of the wet/dry collgction study conducted in Guelph, Ontario, -

Small containers may increase the frequency boxes was quite high, residents reported that the
with which residents set out recyclables, but rectangular boxes had inadequate capacity for their
decrease the amount of materials per set-out, thus materials.12
decreasing overall collection efficiency. A study of
2,200 households in a southern California hampering the success of New York City’s pilot
neighborhood found that households utilizing the project to collect a wide range of recyclable and
largest of the four container Systems tested—a set compostable materials from 7,000 multi-unit
of three stackable recycling bins—had the lowest households in Park Slope, Brooklyn. The City has
set-out rate (while still achieving high participation) supplied one- to three-unit buildings with a single
and the greatest amount of material per set-out. 17-gallon container for waste paper; a 2(-gallon
Collection efficiency was highest with the stacking container for commingled plastic, metal, and glass;
containers, averaging a collection time of 20 and an 8-gallon bucket for food and yard waste.
seconds per stop. Blue boxes, on the other hand, Although the amount of recyclables recovered
had an average loading time of 28 seconds per stop. increased after the distribution of recycling
While participation among households using blue containers, one-quarter of the inquiry calls received
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Inadequately sized containers appear to be




from residents have been complaints regarding
small containers.”

In most instances, cities provide bins free of
charge. To cover the cost of purchasing bins, cities
sometimes charge residents for these items.
However, requiring residents to pick up and
purchase bins, particularly in voluntary programs,
can decrease program participation. The City of
Columbia, for instance, charges residents $5 for
bins. At the end of 1990, 5 years into its voluntary
curbside program, the City had distributed
recycling bins to only 200 households (representing
3 percent of enrolled households) and had secured
the participation of only 62 percent of enrolled
households.

Drop-off Collection

As indicated in Table 5.2, most of our study
communities utilize some form of drop-off
collection. While curbside collection is generally a
more effective way to maximize the amount of
recyclable materials collected, drop-off collection
can augment curbside and serve as the primary
method of recyclables collection in communities in
which residents self-haul refuse. Convenient
placement of sites, and economic incentives (such
as payment for recyclables, or variable refuse rates)
increase residents’ participation in drop-off
programs.

There is great variation in the type of drop-off
opportunities offered. Some sites collect a wide
range of materials, while others collect only bottle
bill containers or scrap metal. Some sites operate
unstaffed, while others are staffed. Some pay
individuals for materials, while others accept
materials at no charge. Table 5.7 lists the materials
collected at public and private drop-off sites.

Drop-off sites are a particularly viable and cost-
effective alternative to curbside collection in rural
or suburban communities in which residents self-
haul refuse to disposal sites. Communities such as
Peterborough, New Hampshire; Bowdoinham,
Maine; Seattle, Washington; and Sonoma County,
California operate successful drop-off sites at
transfer stations and landfills. Peterborough, for
instance, recovered 42 percent of its residential
waste through drop-off collection alone.™ All
residents and private haulers utilizing the Town
refuse and recycling center must source-separate a

wide range of recyclable items, including many
grades of paper, glass, metal, reusable items, and
food waste, and deposit all material generated or
collected, not just nonrecyclable (refuse) items or
materials with a low market value. The rural
community of Bowdoinham successfully recycled
43 percent of its municipal waste (which is largely
material from the residential sector), primarily
through two publicly run drop-off sites, one of
which was located at the Town landfill.1s
Bowdoinham’s volume-based refuse rates provide
residents the incentive to self-haul recyclables to the
Center.

Sonoma County and San Francisco, California
and Seattle and King County, Washington utilize
drop-off collection for those households not
serviced by curbside collection, or for those self-
hauling refuse to the landfill. Scattle, for example,
recovers recyclable and compostable materials
through hundreds of private drop-off sites {in
addition to its curbside program) and two public
drop-off centers, one each at the City’s two transfer
stations. The City’s volume-based refuse fees
provide residents ample incentive to source-
separate and deliver recyclable materials to drop-
off sites. Philadelphia has implemented a "block
corner” recycling program to service those
households not provided with curbside collection.
(See side bar, "Philadelphia’s Block Corner
Recycling Program.”)

‘Seven of the 30 communities studied are
located in jurisdictions with container deposit
legislation.  Beer and soft drink containers
constitute on average 4.1 percent of the municipal
solid waste stream. States with container deposit
legislation realize return rates of 72 to 98 percent
for such material"® enabling communities to recycle
between 2.9 and 4.1 percent of their waste without
spending any municipal funds. In 1977 Columbia
enacted the nation’s first and only local bottle bill.
An estimated 85 percent of all glass, aluminum, and
PET plastic deposit containers are returned through
this legislation. While Columbia has a limited
recycling program {only 27 percent of households
received curbside collection service in 1990, and 33
percent received such service in 1991), the City
recycled 13 percent of its total waste in FY 1990.
Twelve percent of recycled material consisted of
deposit containers.
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Targeting a Wide Range of
Materials for Recovery

Table 5.7 lists materials collected through drop-
off sites. Table 5.8 lists residential recyclable and
compostable materials collected at curbside.
Communities with the highest recycling levels are
generally those that target a large number of
materials for recovery, particularly those materials
that constitute a significant percentage of the waste
stream. The six communities recycling 28 to 42
percent of their residential waste target between 5
and 15 types of recyclable materials for citywide
collection. The three communities recycling 35
percent or more of their residential waste—
Bowdoinham, Peterborough, and San Francisco—
are each collecting between 9 and 14 materials.”” On
the other hand, Newark, with a residential recycling
rate of 5 percent, was collecting only four recyclable
materials at curbside in the base year. Lincoln,
Nebraska has the lowest residential recycling rate—
3 percent—and targets only two materials,
newspaper and aluminum cans, for curbside
collection.

- tion'program for areas of the City not yet se
. Viced with curbside collection.  The program,
- initiated by a neighborhood group in 1985, is
 cross between curbside and drop-off
| and costs about a third of curbside collecti
- Residents from 30 t6 150 households

. block comner zone bring newspa

' aluminum cans to designated s
- weekly or biweeky caltection. O

: ver
- period, City ‘crews  pick up materia
it street corners. Materials are ful gregated a
- the curb, including glass separated by color,
| .and require no further sorting, Neighborho

- groups play a very active role in inifiating 2
. Maintaining the program, but dep
. City for pick-up. Revenue from th
*material is returnedto the neighborh

 community projects. City costs fo

 program wero $58 per ton in 1990.
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Charts 54 and 55 provide a breakdown of
residential materials recycled, as a percentage of
residential waste generated and in pounds per
household. While the breakdowns in Chart 5.4 are
affected by the relative weight of the other
components of the residential waste steam, the per
household breakdowns in Chart 5.5 are not.

Waste Paper

Paper, the largest single component of the
waste stream, also accounts for the largest portion
of residential recyclables, Paper comprises between
50 and 80 percent by weight of all residential
materials recycled in the majority of these
communities.

While newspaper comprises the bulk of this
waste paper, other grades of paper, such as high-
grade paper, mixed waste paper (including
advertising mail, magazines, and paperboard
packaging), and corrugated cardboard, can
comprise a substantial percentage. The cities with
the highest waste paper recycling levels, San
Francisco and Seattle, are recovering 29 percent and
24 percent of their residential waste streams,
respectively, through waste paper recycling alone.
Both recover a wide range of paper grades,
including newspaper, magazines, advertising mail,
and corrugated cardboard.

As indicated on Chart 54, the recovery of
mixed waste paper, which composes approximately
13 percent by weight of MSW nationally, plays an
important role in reaching high recycling rates. All
of the six communities recycling between 28 and
42 percent of their residential waste target mixed
waste paper for collection. None of the eight
communities with the lowest residential recycling
rates are recovering mixed paper from the
residential sector.

The City of Seattle has determined that mixed
household waste paper comprises 19 percent of its
residential waste, (Approximately half of which is
not targeted for collection as it is coated or
contaminated.) Of this mixed paper, it recovered
nearly 30 percent in 1990. The City collects
magazines, advertising mail, coupons, fliers,
wrapping paper, used envelopes, cereal boxes,
phone books, tube board, paper egg cartons, and
brochures, in addition to corrugated cardboard and
Newspaper. The only paper that it does not collect
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r Chart 5.4

Residential Materials Recycled, Percent by Weight
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Notes: MSW onnage data, which contains material recycled from 15 businesses, is utilized in lisy of Bowdoinham's residential fonnage data—
which is unavailable. For Newark and Philadelphia, residentiai waste represents publicly collected material. "Other” includes white goods, tires,
food waste, and reusable items. Deposit containers for Bowdoinham are included under "other " Deposit containers for Sonoma County and
San Francisco are induded under material type. Mixed Paper collected in Berfin Township is included under *other paper.”

from the residential sector is food-contaminated
paper or paper coated with wax, plastic, or metal,
On the other hand, Dakota County, which estimates
that mixed waste paper comprises 10 percent of its
residential waste, recovered none of its mixed
paper in 1990. While Seattle recycled 31 percent
of its residential waste in 1990, Dakota County
recycled only 17 percent.

A number of communities have found that
adding mixed Paper to materials collected at
curbside increases curbside tonnages. In 1990
Naperville, ilinois collected high-grade paper, box
board (such as cereal boxes and tissue boxes), and
magazines in addition to corrugated cardboard and
newspaper. In 1991 its new hauler also began to
collect advertising mail and al] types of paperboard.
The addition of these materials is partially
responsible for the substantial increase in average
monthly tonnages collected.1# When Monroe,
Wisconsin added telephone books, catalogues,
paperboard packaging, and glossy inserts (in
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addition to PVC and PS plastics) to its curbside
program in 1990, its curbside tonnages jumped
from 537 tons in 1989 (the year of study) to 650
tons in 1990 and an estimated 748 tons in 1991,

Other Materials

As Chart 5.4 indicates, tires, white goods, glass,
and metals can comprise a substantial percentage
of residential recyclables. Targeting all these
materials for collection helps raise recovery levels.
For instance, 16 percent of the materials
Peterborough recycled through its Town drop-off
center in 1990 consisted of glass. To achieve its
31 percent residential recycling rate, Seattle recycled
59 percent of all residential glass waste generated
in 1990, and 43 percent of all metal waste.

A number of communities target plastics for
collection. See Tables 5.7 and 5.8, These include
Berlin Township, Bowdoinham, Monroe,




Naperville, San Francisco, West Palm Beach, and
Providence. While PET soda bottles and HDPE
milk containers are the most common plastics
recovered, some communities collect PVC,
polystyrene, and LDPE film as well. Naperville,
Mlinois, with a residential recycling rate of 20
percent, coliects all types of HDPE and PET
containers, clean polystyrene containers, and LDPE
six-pack rings. While plastics are light weight and
thus add little to the weight of recovered materials,
recovering such materials can reduce the volume
of solid waste, as well as provide a feedstock for
industry.

Food waste recovery has untapped potential.
While food waste comprises a significant
percentage of residential waste, few U.5.
communities are recovering it. Food waste can be
used as livestock feed, composted into a high-
quality soil amendment, or manufactured into such
products as perfumes and soaps. (See Chapter 4
for information on food waste composting in the
US. and abroad.)

Hog farmers in

percent of the total waste stream.’* Among the
communities studied, Berkeley and Sonoma
County, California have most effectively targeted
this component of the waste stream for recovery.
Berkeley, for example, recovered an estimated 68
percent of the white goods disposed of in the city
through a private salvage/Teuse operation. Please
see Chapter 3 for further discussion of salvage and
reuse.

Securing High Levels of P icipation
Manyofthe;;mgranﬁwihhighparﬁdpaﬁonlevels
are mandatory. In fact, most of the communities
recovering 40 percent or more of their waste have
mandatory programs. Chart 5.6 examines
participation rates for 38 mandatory and voluntary
programs, including 10 communities from Beyond
40 Percent: Record-Setting Recycling and Composting
Programs (ILSR, 1990)2 Chart 5.7 shows that of
the nine communities in our study recovering over
40 percent of their residential waste, four mandate
participation, three have volume-based refuse rates

New Jersey have
provided Philadelphia
residents the

opportunity to recycle
their food waste for
over 80 years. In fiscal

Residential Materials Recycled, Pounds per Household

Chart 5.5

year 1990, hog farmers

generated and 53
percent of municipally
sponsored materials
recovered. (See side bar,
"Urban and Rural
Communities Collect
Food Waste for Use as
Animal Feed.")

Most communities
have overlooked the
recovery of reusable
jtems. Reusable goods
may compose up to 5

collected an estimated 5 w0 Other
30,000 tons of food > = Plastic
waste from Philadelphia 2
residents, equivalent to 2 Glass
3 percent of the 2 oo
residential waste i,

3

5

2

Beriin Twnzhp
Napervilie

Notes: Communities for which the number of househoids generating recycled lonnage i unknown
are excluded from this chari. For Austin, Berkeley, Columbia, Naperville, Providence, and Seatle,
tonnages are those collected at curbside only. For West Linn, deposit containers are excluded from
residential material, “Other” indudes white goods, tires, and food waste.

La Crescent
Monroe
Fennimors
Bekeley
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Table 5.8
Materials Recovered at Curbside from the Resldential Sector for Recycling and Composting

YEAR DATA PHONE FR OTHR MNO.MATS  NO.MATS NO. MATS
COLLECTED ONP OCC HP MP BOOKS ALUM CAN SM ogsﬁ—s:gagrswbj.d_xmo;nar<u WW BRUSH CT RECYCLED COMPOSTED COLLECTED
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Key:
ALUM = Aluminum Batt = Rafterias CT ~ Christmas Trees FR CANS = Ferrous Cans HDPE = High-density Polyethylene
HP = High-grade Paper L = Loaves LDPE = Low Density Polyethylene MP « Mixed Paper QCC ~ Corrugated Cardboard
OTHR = Other. Including textties, OTHR PLAS = Cther Plastics PET = Polyethylene Terephthalate SM = Scrap Metai
furniture, small househokl goods WW = Wood Waste
V = Set-out of matenal by residents (s voluntary, M = Set-out of material by residents is mandatory,
zﬂiu




(which provide a strong economic incentive to
recycle), and the other two do both.

Recycling mandates, however, may be weak
without proper enforcement?! In Newark, New
Jersey, enforcement of the 1987 mandatory source-
separation ordinance has noticeably increased
recovery rates. Beginning in January 1991, three
municipal enforcement officers have performed
spot checks for recyclables in residential refuse. As
of July 1991, 863 warnings had been issued. After
two warnings, residents are subject to a fine of $25
per violation. The Office of Recycling credits this
new enforcement policy with the 20 percent
increase in recyclables collected in the first quarter
of 1991 (over 1990 rates).

Establishing Economic Incentives

Communities in our study are using economic
incentives such as high tipping fees at disposal
sites, low or no tipping fees at recycling or
composting, facilities, volume-based refuse collection
rates, and contest awards to increase participation
in recycling programs and reduce overall waste
generation rates. (See Chart 57 and Table 5.3,

Twelve of our 30 communities utilize volume-
based refuse collection rates through which
residents are charged higher fees for greater
volumes of refuse set-out. In most instances,
residents are not charged for set-out of recyclable
or compostable materials, or are charged a reduced
fee. Such rates, also known as variable rates,
provide a direct economic incentive to generate as
little waste as possible and recycle as much as
possible.

There is some evidence that volume-based rates
encourage recycling and waste reduction. Many
of the communities with the highest recycling rates
in the nation have volume-based refuse rates (see
Chart 5.7). In 1985, 3 years before the start-up
of Seattle’s curbside recycling program, the City
recycled 22 percent of its waste through small-scale,
independent recycling centers. This recyding level
is attributed to the City’s variable can rate. Since
the implementation of Seattle's variable can system
the weighted average number of cans subscribed
to by a single-family household decreased from 35
in 1981 to 14 in 1988. A significant increase in
Seattle's refuse collection rates between 1985 and
1989, and the start-up of the City's curbside

Residential Recycling 65



Waste Preaentwn'}gecyclmgandCompostmg Op'tio;:s': LessonsfromSOUSCommumtws L

recycling program in 1988, has led to an even more
significant reduction in waste disposed than during
the program's earliest years. Seattle recovered 40
percent of its municipal solid waste in 1990.

Since June 1990, Wapakoneta, Ohio has charged
households $0.70 per bag of refuse in addition to
a $6 per month flat trash collection fee. During
the first year of the program’s implementation, the
City reported a decrease in the volume of waste
disposed from 20 to 30 percent. Municipal pick-
up of refuse has been reduced from 5 days to 4
days per week. Wapakoneta attributes this decline
to increased recycling activities, backyard
composting, and compaction of waste by residents.
Attrition of approximately 20 commercial customers
from municipal refuse collection may also
contribute to this decrease. (See Chapter 3 for
further discussion of variable refuse rates.)

Comprehensive Educational and
Promotional Programs

In order to motivate residents to participate in
Source-separation programs and instruct them how
to comply with collection requirements, many
communities undertake comprehensive educational
and promotional programs. Educational outreach
appears to be most critical for obtaining high
participation rates in urban areas.

Virtually all 30 communities studied promote
recycling. To target as wide an audience as
possible, communities utilize techniques such as
recycling information sheets, newsletters, posters,
and utility bill inserts. Many communities take
advantage of print and broadcast media, with their
potential for reaching the broadest segment of the
population. Monroe, Wisconsin reports the success

Chant 5.6
Household Participation Rates in Voluntary and Mandatory Programs
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Chart 5.7
Volume-based Refuse Rates and Residential Recovery Levels

Flat-fee Refuse
Ratas

B Volume-based
Refuse Rates

percent of residential waste recovered
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Notss: Recwery rates include recycled and composted material. MSW recovery rales are utilized in Bowdoinham, Wapakoneta, and West Linn, a8
residential breakdowns are nol avallable and MSW is largely residential. Wapakoneta instituted voiume-based refuse rates in June 1980 but because
tonnage daia were collected from Sept. 1889 to August 1990, it is iisled as a flat-fee program.
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of local recycling efforts in a local newspaper
column. Local cable stations in Takoma Park,
Maryland; Monroe, Wisconsin; Wapakoneta, Ohio;
and Naperville, Illinois run programs highlighting
solid waste management issues. Some communities
promote recycling and composting through in-
person education, which can be particularly
effective. In-person includes door-to-door visits,
staffed recycling booths at city or county fairs, or
block leader programs.

Block leader or block captain programs actively
promote recycling through neighbor-to-neighbor
communication. Boulder, Colorado successfully
initiated a block leader program in 1980. Designed
by a psychology professor at the University of
Colorado, Boulder’s block leader program is
currently run by Eco-Cycle, a community-based
recycling company. During the first year of the
program, a study revealed that participation rates
in the neighborhoods with block leaders were over
two times those without such programs. Boulder
currently spends $30,000 per year on materials and
labor to coordinate its block leader program.

Communities as widespread and diverse as
Minneapolis, Minnesota; Seattle Washington, and
Austin, Texas have replicated the block leader
program.

Similar in design are the Master Recycler/
Composter programs, through which volunteers
are trained to educate friends, neighbors, and co-
workers about home composting, source reduction,
and recycling. King County, Washington conducts
three 2-month training sessions each year;
participants agree to contribute 40 hours each to
community outreach initiatives. Capital
expenditures for the program included $10,000 for
training manuals and curricula, $6,000 for outreach
tools, and $10,000 for the construction of two
demonstration sites. The County spends $15,000
on training and equipment for each training
session.

Education programs directed at school-age
children play a vital role in the long-term success
of a recycling program. Many communities utilize
formal or informal recycling curricula to teach
recycling concepts. The Ecology Center in Berkeley,
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California developed “the Recyclones,” lovable
cartoon characters that reinforce recycling concepts.
Newark, New Jersey created the Recycling Rangers
to encourage students to spread the word about
recycling to their parents. To generate enthusiasm
for recycling, several communities conduct
recycling poster contests, which use either a
recycling theme or recycled materials.

Demographic factors play an important role in
determining the amount of money a community
must spend on recycling educational programs, and
the types of programs implemented. Cities with
transient populations and diverse ethnic groups
face the greatest challenges in securing broad
participation, and must typically spend more
money on recycling education. Smaller
communities, on the other hand, can rely on
volunteer efforts, and word-of-mouth to ensure
participation in recycling programs. Peterborough
and Monroe, for example, report spending no
morey on education, yet both enjoy high residential
recovery levels at 42 percent and 32 percent,
respectively.

Educational outreach has played an important
role in elevating recycling rates in large cities.
Providence, Rhode Island, for example, increased
participation in its curbside recycling program in
the south side of the City (which has a large
multilingual population) from 30 percent at the
startup of the program to 60 percent one year later,
using foreign-language brochures and other
materials. Newark, New Jersey hired a local
minority public relations firm to initiate a
promotional campaign. Newark translates most
mailings and bulletins into Spanish and Portuguese
to reach its minority communities. Jersey City,
New Jersey distributes recycling information
pamphlets in Arabic, Hindi, Spanish, and Korean.
San Francisco informs its Latino residents about its
recycling program via Spanish-language radio and
television stations. San Francisco also offers
backyard composting workshops in Spanish and
Cantonese.

By enlisting the help of community volunteers
and school teachers, communities are implementing
very successful educational programs without
spending large sums of money.
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Identifying Outlets for
Collected Materials

Collecting materials for recycling is a
challenging task, but perhaps one of the most
difficult yet fundamentally important tasks is
finding an outlet for the collected material.
Identifying markets, securing agreements with
materials brokers and end users, and meeting buyer
specifications are all part of this task. Recycling
collection programs can only be as successful as a
recycling marketing program. Consequently
market analysis will be both a planning and
ongoing activity.

Identifying outlets for collected recyclables is an
important component of all of the 30 recycling
programs evaluated as part of this project. Many
of these communities rely on private processors to
find end users. Others undertake this legwork
themselves. Municipal recycling coordinators and
private processors are finding different end uses for
the same material and using a variety of strategies
to keep materials moving to those who can
manufacture new products from them.

Wapakoneta, Ohio, sells its newspaper directly
to a local manufacturer of insulation, whereas in
Bowdoinham, Maine, a local farmer shreds the
Town’s old newspaper at no charge for animal
bedding. In Sonoma County, California, some old
newspaper is shipped to the Far East for deinking
and reprocessing. The private processor of the
County facility that Upper Township uses, sells
some of its glass to manufacturers of new glass
containers, and the rest is delivered to a
manufacturer of glassphalt. Often communities sell
their collected materials to brokers who resell the
materials to manufacturers. Wapakoneta, for
example, sells its baled PET to a broker in Minster,
Ohio, who resells the containers to a firm in
Cleveland for manufacturing into plastic lumber.

In Monroe, Wisconsin, the Monroe Area
Recycling Committee (MARC) has secured a
number of in-state brokers and end users for the
City’s recyclables. Much of the materials collected
through the curbside program is sold locally to the
Green County Salvage Yard, which resells it to
various end users. MARC is considering selling
more of the City’s recyclables directly to end users,
such as paper mills. MARC seeks additional
markets when the supply of recyclables exceeds the




capacities of existing markets. For example, when
traditional paper outlets are filled, Green County,
in which Monroe is located, shreds and bales its
paper for sale as animal bedding.

Peterborough, New Hampshire, is very active
in the New Hampshire Resource Recovery
Association (NHRRA). Begun in Peterborough in
1979, NHRRA helps to develop new markets for
recyclable materials. Peterborough collectively
markets some materials, such as glass, corrugated
cardboard, newspaper, and plastic containers,
through the NHRRA. Member communities are

Notes

charged a fee of $0.03 per capita for this service
plus a fee for brokering specific material; in return
they receive revenue from the sale of certain
materials. The NHRRA markets about 50 percent
of all recyclables collected in the State of New
Hampshire.

In addition to seeking markets for recyclables,
a number of our case-study communities have
implemented policies such as recycled-content
product procurement to encourage further market
development. See Appendix D for a list of these
communities.

im Glenn, “The State of Garbage in America.” BioCycle, April 1992.

%For the communities of Philadelphia and Newark, residential material is publicly collected waste. Bowdoinham, West
Linn, and Wapakoneta's MSW recycling rates are utilized in Chart 5.1 as their MSW is largely residential. The Cities
of Berkeley and Portland have been excluded from Chart 5.1 as residential rates are not available. Upper Township
has also been excluded as its publicly collected waste contain recyclables (although not refuse) from 222 businesses.
Residential recycling rates are based on data provided by municipal officials and the private sector. Recycling rates
are based on marketed tonnages in the few communities where such information was available; in most cases, however,
recycling rates are based on collected tonnages. See Appendix A for methodology and data definitions, and Appendix

C for waste calculations.

3Wapakoneta recycled 16 percent of its municipal solid waste in fiscal year 199%0. While residents in the rural community
of Wapakoneta receive curbside collection of refuse, they must drive to the privately run recycling drop-off site to
participate in the City’s voluntary recycling program. The Wapakoneta Recycling Center is operated by 19 Girl and
Boy Scout troops and 1 volunteer recycling coordinator. In order to increase its recycling rate, Wapakoneta will institute
weekly curbside collection of recyclable materials in spring 1992, based on a plan designed by the City’s volunteer
Waste Minimization Committee. In Lincoln Park, New Jersey, newspaper is the only material collected at curbside;
all other recyclables are collected at the Borough’s drop-off yard. Drop-off is the primary method of recyclable and
refuse collection in the rural communities of Bowdoinham, Maine and Peterborough, New Hampshire. However, private
haulers in both cities offer limited curbside recycling opportunities. In Bowdoinham one-third of the City receives

curbside service.

*There are some exceptions. Columbia, Missouri; Lincoln Park, New Jersey; the south side of Seattle; parts of Portland,
Oregon; and King County, Washington have monthly collection. Perkasie has weekly collection of glass and aluminum,
and monthly collection of newspaper, junk mail, and corrugated cardboard. During the base year of study, Newark
collected commingled recyclables and newspaper on alternate weeks. Residents of Lincoln Park receive monthly collection

of newspaper only; all other recyclables in Lincoln Park are co

collection of recyclables every other week.

llected through drop-off. Residents of Fennimore receive

SCommunities measure program participation differently. In most cases, the participation rate is the number of
households setting out recyclable materials at least one time per month divided by the total number of houscholds
served. In Seattle, participation is the sign-up rate—the ratio of the number of households registered for the program
to the number of households eligible. See In-Depth Studies of Recycling and Composting Programs: Designs, Costs, Results
(Washington, DC: ILSR, 1992) for information on how communities determine participation rates.

$NARC also discovered that biweekly collection saw a greater variation (plus or minus 40 percent) in the size of daily
collection. With weekly collection, variation in tonnage decreased (to plus or minus 18 percent), which made scheduling
easier and reduced the need for workers to put in overtime hours. Miriam Foshay and Anne Aitchison, “Factors
Affecting Yield and Participation in Curbside Recycling Program,” Resource Recycling, March 1991.
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’In the base year of study (1990), only 20 percent of San Francisco’s residential recyclables were collected at curbside.
With the curbside program fully phased in, the City estimates that it is recovering 55,000 tons per year at curbside,
two and one-half times the amount recovered at curbside in 1990. In Boulder, the University, which comprises
approximately 25 percent of the City's population, has 225 drop-off sites for recyclables on campus.

*Generally a household is considered a participant in a recycling program even if it sets out only one or two materials.
Thus, participation rates do not indicate if all materials are set out.

*Glass breakage occurs on the collection vehicle as well as in the processing center. For example, the operators of
the facility that processes Providence's commingled recycables report that approximately 20 percent of glass entering
the plant arrives broken,

Before Monroe implemented its citywide curbside program in 1986, it conducted a study to gauge residents’
participation rates and the suitability of recycling containers. The City observed that the type of collection container
used had a direct effect on the amount of recyclables collected. During the pilot study, households that received
a reusable plastic recycling bin set out an average of 4.94 pounds of recyclables each week. Households that received
a plastic bag set out an average of 2.18 pounds per week.

HIn order to increase participation rates, Newark distributed an additional 5,000 8-gallon bins in 1990, and budgeted
for 12,000 bins to be distributed in 1991. The City is requiring its new recycling contractor, who services one-third
of the City, to supply residents with recycling bins.

Pennifer S, Gitlitz, “Curbside Collection Containers: A Comparative Evaluation,” Resource Recycling, January/ February
1989,

®Tom Outerbridge (Recycling Programs and Planning Division, New York DEP), personal communication, February

1992, Alicia Culver (Center for the Biology of Natural Systems, Queens College), personal communication, March
1992,

“Two private haulers in Peterborough collect recyclables and refuse at curbside from 100 to 200 households requesting
this service, and bring materials to the Town drop-off center.

®In 1991 Bowdoinham closed the landfill drop-off site in order to avoid transporting materials the 6 miles from the
landfill to the processing center. The City now collects most of the Town's recyclables at the processing center.

16General Accounting Office, “Solid Waste: Trade-offs Involved in Beverage Container Deposit Legislation,” November
1990, 34.

YThe number of materials targeted for collection may under represent the actual number of material types collected.
Mixed paper, for example, contains several types of materials. Perkasie, for example, collected two types of mixed
paper—magazines and advertising mail. Recycling rate excludes tonnages recovered through composting activities.
Including composting, 11 communities are recovering 35 percent of their residential waste, and 9 of these are recovering
more than 40 percent.

8Cther factors responsible for the jump in curbside tonnages collected in Naperville, from an average of 750 tons
per month from April to August 1990, to an average of 940 tons per month from April to August 1991, were the
increased publicity for recycling as a result of the City's securing a new recycling hauler, and the change in set-out
requirements, from eight sorts under the old system to three sorts under the new contract,

PUrban Ore, Inc. (Salvage/reuse business), Berkeley, California, personal communication, June 1991.

The Institute for Local Self-Reliance’s 1990 publication, Beyond 40 Percent: Record-Setting Recycling and Composting
Programs, documents 17 materials fecovery programs recovering between 32 and 57 percent of their solid waste.

#Cities may choose to give residents a grace period before beginning enforcement measures, to allow residents time
to adjust to recycling requirements.
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Overview

Commercial and institutional waste is often a
significant portion of municipal waste, even in
small cities and suburbs.! (See Chart 6.1.) For our
sample, commercial waste generated ranged from
23 percent of municipal solid waste (MSW) in the
suburban community of Berlin Township, New
Jersey to over 50 percent of MSW in cities such as
Philadelphia, San Francisco, and Seattle. Unlike

Chapter Six
Improving Commercial and

Institutional Recovery Levels

most residential waste, however, commercial
material is usually collected by the private sector,
and municipalities have been slower to target this
waste stream for recovery. Many communities now
realize that commercial and institutional recycling
and composting efforts play an important role in
meeting high waste recovery goals.

Table 6.1 lists figures for commercial and
institutional waste generated and recovered in the

Chart 6.1
The Contribution of Commercial and Institutional Waste to MSW Generated
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Notes: Residential and commercial breakdowns in the cities of Wapakoneta, West Linn, Bowdainham, Berkeley, and Portland were not available. Total
recovery rales were used in Austin, Columbia, Newark and Upper Township as C&Dwasta s not racked separately from MSW, Commercialwaste in Newark
and Upper Townshi is privately collected material and residential waste is publicly collected matgrial. Naperville, Periasie, and Takoma Park are excluded
as commercial wasle generation data were not available. Self-haul waste includes materials generated by the residential and commercial sectors; a
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30 communities studied, and Table 6.2 describes How Communities Increase

these communities’ commercial/institutional waste . TPy
recovery programs. Chart 6.2 shows the Commercial/Institutional
importance of commercial/institutional waste Recovery Levels

recovery in reaching high MSW recovery rates. The number and type of commercial recycling
Communities that achieved MSW recovery rates opportunities vary greatly among the communities
greater than 30 percent, recovered between 25 and studied. As Tables 6.1 and 6.2 and Charts 6.3 and
70 percent of their commercial waste streams. 6.4 indicate, some communities, such as Lincoln

mplo

f-drbpfOff"snes operated by the Solid Waste Utility, accept commercial recyclables free of charge,
~The Solid Waste Utility has published the Commercial Wasle "Audit Manual fo aid businesses in ..

“evaluating their waste streams and their current recycling programs, and 10 help them develop waste

f___lfedu'c'tié'r_i'_'and_"fécycling"pr'ogram_s_,'-' R e R e e S
- Lincoln Park requires commercial establishments to recycle glass, aluminum, high-grade paper,

‘newspaper, and corrugated cardboard. It encourages businesses to use the public recycling depot -
. by ‘allowing them'to deliver materials there free of charge. ~Most of the Borough's 195 businesses
.. and instilutions utilize the drop-off site, and thus avoid the $118.80 per ton refuse tipping fee. Larger
+ businesses contract with private haulers to collect recyclables or sell materials directly to market.
- In 1990 Lincoln Park recovered 70 percent of ail waste generated by the commercial and i "

.. In 1989 Newark recovered 46 percent of its private sector waste (which consists primarily of
- material generated by commerclal and institutional ‘establishments), equivalent 16 86 percent of the
~total waste recovered that year. The City requires businesses to recycle newspaper, corfugated
cardboard, glass food and beverage containers, and aluminum’ and bimetal cans.: The City will -
- Issue $25'fines to businesses that do not comply with the mandate. ' While private haulers collect -
. corrugated cardboard and other recyclables from high-volume generators, Newark offers collection -
. of corrugated cardboard to smaller businesses (for whom'contracting with a private hauler may
~ be prohibitively expensive). In addition, over 50 drop-off centers and scrap yards accept or purchase
- commercially generated recyclables. - Since refuse tipping fees range from $97 to $102 per ton,
. businesses can easily realize economic benefits through recycling:  To further encourage recycling,
the City offers recycling workshops for businesses; notifies businesses of local marketing opportunities; -

: and recognizes exemplary businésses ‘at ‘an -annual awards ceremony. i
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Park, Newark, and Seattle, are successfully
encouraging businesses to recycle, while many
others are not. (See side bar, "Communities
Employ Multiple Strategies to Encourage
Commercial Sector Recycling.”} In many instances,
expanded commercial and institutional recycling
efforts have been hampered by a lack of knowledge
about the components of the commercial waste
stream that are recyclable and compostable; few
incentives for businesses to arrange separate
collection for recyclable materials; and a lack of
private sector recycling collection services. The
following State and local government initiatives
have been used to spur the development of private
sector recycling programs in these and other
communities:

« instituting economic incentives targeted at
businesses and private haulers, such as high
tipping fees at refuse disposal sites, reduced or

no tipping fees at recycling drop-off sites and
materials processing centers, recycling start-up
funds, and rebates and tax relief for haulers
who recycle commercial wastes;

* targeting a wide range of materials for recovery;

» mandating that businesses and institutions
recover a wide range of recyclable and
compostable materials (or prohibiting disposal
of specific materials such as yard waste);

* requiring businesses to write and submit
recycling plans;

» providing technical assistance, such as waste
audits and listings of drop-off sites and
private recycling services;

* assisting businesses and haulers with
marketing of recovered materials by informing
them of different marketing options, allowing
them to bring materials to public processing

Chart 6.2
The Contribution of Commercial and Institutional Waste
Recovered to MSW Recovery

Residential and Self-

- A

-
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percent by weight of MSW generated
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haul Waste
Recovered

Notas: A breakdawn for residential and commercial materials recovered were notavailable in Berkeley, Bowdoinham, Poriland, and Wapakoneta. Napervilie,
Parkasie, and Takoma Paik were excluded as only residential waste recovery dala was available in 1980, Seli-haul waste in Austin and San Francisco
inciudes materials generated by the residential and commercial seciors; a breallown is not available, and these malerials are induded under residential
materials. Commercialinstitutional waste recovered from saii-haul sites in King County and Seattle ls included In commercial wasle recovered. Commercial
institutional recovery figures for Upper Township, Newark, Columbia, and Austin are a percent of 1otal solid waste (induding C&D) as MSW figures are not
available. In Upper Township and Newark commercial tonnages represent privately-collecied waste only {seo Appendix C for information on what this waste

Commercial and
- Institutional Waste
Recovered
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Chart 6.3
The Contribution of the Commercial/Institutional Sector to
Waste Generated and Recovered

percent by weight of MSW generated
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centers, and sharing losses if materials revenues
fall below a designated threshold; and

* providing municipal pick-up of commercial/
institutional recyclables and/or convenient drop-
off depots that accept materials generated by the
commercial and institutional sector.

Economic Incentives

Economic incentives, such as high refuse
disposal costs, reduced tipping fees for delivering
recyclable and compostable materials to drop-off
sites, rebates, revenue from the sale of recyclables,
and tax incentives, encourage businesses to recycle
and haulers to offer collection of recyclable
materials.

Avoided Costs and Cost Savings

In cities with moderate to high tipping fees,
recycling can be extremely cost-effective for

76 Commercial and Institutional Recovery

businesses. Recycling reduces the size of refuse
containers businesses may need and/or the
frequency of refuse collection, thereby saving
businesses money in disposal costs. Alerting
businesses to the potential cost savings is one way
communities are assisting commercial recycling
efforts. Some communities with lower tipping fees
are making the economic climate for recycling more
favorable by further reducing tipping fees for the
delivery of source-separated recyclable and
compostable materials. (See Table 6.3 for a list of
tipping fees.)

West Palm Beach recovered less than 1 percent
of its commercial waste during the base year April
1990 to March 1991. In 1990 refuse tipping fees
increased drastically to $84 per ton from $47 per
ton in 1989. To alert businesses to the potential
cost savings through recycling, and to encourage
sustained recycling efforts in the commercial sector,
the Palm Beach County Solid Waste Authority
(SWA) implemented a 1-year pilot bar and
restaurant recycling program in 1990. At the end




of the pilot study, the SWA provided each
participating business a cost analysis showing how
it could reduce refuse disposal fees through
recycling. By recycling corrugated cardboard and
glass, some businesses were able to reduce waste
volume 24 percent, and switch from an 8-cubic-

yard trash dumpster costing $1,088 per
month to a é~cubic-yard dumpster that cost

A number of communities, including Lincoln
Park and Cape May County, New Jersey (in which
Upper Township is located), and Bowdoinham,
Maine allow private haulers and/or businesses to
drop off source-separated recyclable and
compostable materials at waste handling sites free

$816 per month. Taking into account the
costs of renting three 95-gallon containers for
glass at $17 each per month, and one 8-cubic-
yard dumpster for cardboard at $55 per
month, these businesses have been able to
save $165 per month, or $1,980 per year.

Many communities now realize
that commercial and institutional
recycling and composting efforts
play an important role in meeting
high waste recovery goals.

Private haulers in Providence, Rhode
Island pay a $49 per ton tipping fee at the
State’s central landfill for commercial refuse.
Businesses in the State are required to recycle.
Two-thirds of Rhode Island’s large businesses
that have completed mandatory recycling
reports have either saved money or
maintained their previous costs as a result of
recycling.  Businesses have reported net
savings of up to $108,000 per year, while net
costs reported for recycling programs ranged
from $200 to $5,175 per year. Many of these
costs include one-time implementation
expenses. The grocery store chain “Stop and
Shop,” which reported the $108,000 cost
savings, reduced its waste stream by 41
percent through corrugated cardboard and
office paper recovery. The Brown & Sharpe
Manufacturing Company, which
manufactures precision metrology products,
recovers high-grade paper, newspapers,
magazines, wood waste, polystyrene peanuts,
and coolant. During the first year of program
implementation, the company diverted almost
53 percent by weight of its waste from landfill
disposal and reduced its disposal costs 51

percent from $66,000 to $33,820.2

Table €.3
Tipping Fees for Commerclal Refuse

% Com/Inst

Materials Commerdial

Recoversd Tipping Fee
Community (By Wt} (a) ($/ton)
Lincoln, NE 25% $8
Columbia, MO 13% $10
Boulder, CO 12% $it
Monroe, W 27% $15
Sonoma County, CA 10% $17
Lafayette, LA 8% $20
Mecklenburg Co., NC 22% $26
San Francisco, CA 18% $45
Fennimore, WI 25% Free/$32.00 (b)
Soattle, WA 40% $31.50to $62 (¢)
King County, WA 36% $47
La Crescent, MN 9% $48
Providence, Ri 13% $49
Dakota County, MN 24% $55
Berin Township, NJ 81% $65
Philadelphia, PA 16%{d) $70
West Palm Beach, FL 0% $84 (e)
Peterborough, NH 4% $85
Upper Township, NJ (a)(b} 34% (d) $89
Newark, NJ 46% (d) $109
Lincoln Park, NJ 70% $119
Noles:

(a) Percentage of commercialinetiutional wasie generated.

(b) From January 1o March 1990, refuse was tippad for free at the
City-ownad landfil, after March wasia was incinerated for $3270n.

{c) Seattle’s 1990 tipping fee at the landilll was $32%on; haulers paid
$82%on at City ransier siations, and $58/40n at private transier stations.
{d} Figures are based on the onnage handied by the private sactor, which
may include some resldential waste. The commerdalinstitutional
recovery activities by the public sector are not reflected in these figures.
(o) West Palm Baach's fipping fee increased from $47/on in 1988

1o $8040n in 1901,
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of charge. Mecklenburg County, North Carolina
encourages businesses to recycle at the County
landfill by allowing private haulers to dispose of
refuse free of charge provided they separate out at
least one-half of their loads for recycling. Private
haulers can also avoid the $26 per ton tipping fee
at County disposal sites by dropping off recyclables
at publicly run drop-off sites. Such measures have
proven very successful. In 1990 Lincoln Park
recovered 70 percent of its commercial waste;
Upper Township recovered 34 percent of its
privately collected waste; and Bowdoinham
recovered 54 percent of its MSW. (Commercial
figures for Bowdoinham are unavailable.)
Mecklenburg County recovered only 22 percent of
its commercial waste in 1990; however, commercial
waste comprised 81 percent of all waste recovered
in the County that year.

While businesses may be able to save money
in the long run through waste reduction and
recycling practices, savings are not always realized
immediately. This is particularly the case when a
business contracts separately for refuse and
recycling collection, and refuse contracts have
established, nonvariable rates. In Boulder,
Colorado, for example, many refuse accounts are
based on 3-year contracts; cost savings cannot be
achieved until the contract is renegotiated. At that
time, a business can reduce the size of its refuse
container or the frequency of collection.

Shared Savings and Rebates

Some refuse haulers pass on a portion of the
savings from avoided tipping fees, and of the
revenues earned from material sales, to those of
their customers that recycle. This provides
businesses an immediate incentive to recycle.
Modern Clean-up Services of La Crescent,
Minnesota will pay businesses for corrugated
cardboard when its price reaches a certain level. In
1990 the hauler collected 52 tons of cardboard from
10 businesses. Although none of the businesses
received revenues from the sale of the cardboard
in 1990 or 1991, the hauler provided cardboard
dumpsters free of charge and charged businesses
only $5 per month for weekly cardboard collection.
Modern Clean-up Services' tipping and hauling fees
for refuse typically range between $53 and $60 per
ton.
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The City of San Francisco provided local
haulers Golden Gate Disposal and Sunset Scavenger
a matching grant to initiate a bar and restaurant
recycling program. In 1990 approximately 300 bars,
restaurants, and hotels separated glass bottles and
aluminum cans in a variety of containers (including
60- and 90-gallon plastic wheeled bins, and 1-cubic-
yard and 1.5-cubic-yard metal containers) loaned by
Golden Gate at no charge. Haulers collect these
materials up to four times per week. Until
September 1991, high-volume generators received
rebates from their hauling fees for separating glass
from refuse. The rebate ($36.50 per ton in mid-
1990) proved a very effective recycling incentive.
In 1990 the two haulers collected an estimated 3,500
tons of glass and cans and paid over $100,000 in
rebates to bars and restaurants.> The haulers
discontinued the rebates in September 1991 due to
a decline in the market price for glass containers.
The rebate may be reinstated when market
conditions improve.

Shared savings and material rebates offered by
private haulers are highly variable and directly
depend on the tipping fees and materials revenues
in that region of the country.

Tax Incentives

Communities are providing tax incentives to
haulers to collect commercial recyclables, and to
businesses to purchase recycling equipment.
Seattle, for example, charges garbage haulers a tax
on collection revenues, but excludes the collection
of commercial recyclables from this tax. The City’s
two primary refuse haulers offer recycling services
to all customers. Fees for the collection of source-
separated corrugated cardboard, office paper,
computer paper, magazines, aluminum and ferrous
cans, and plastic and glass containers are 25 to 45
percent less than the fees for refuse collection. The
haulers pass on this savings, plus the savings from
avoided tipping fees, to their customers.

Targeting a Wide Range of
Materials for Recovery
While there is great similarity in the

composition of the residential waste stream from
residence to residence, the commercial waste stream




can vary significantly with the type of business. Yet
within a single business establishment, the waste
stream is often homogeneous. Office waste is
composed mostly of paper; restaurant waste
contains a large percentage of food scraps; and
shopping malls generate large volumes of
corrugated cardboard. In order for communities to
reach high commercial recovery rates, businesses
need to identify the recoverable components of
their waste streams and find markets for these
materials. As described in this chapter, legislative
mandates, technical assistance, and planning
requirements are spurring businesses to identify
and recover recyclable and compostable materials.
(See Tables 6.4 and 6.5 for a listing of publicly and
privately collected commercial/institutional
materials, and Table 5.6 for a listing of materials
recovered from public and private drop-off sites.)

Paper is the largest single component of most
communities’ commercial and institutional waste
streams, and is generally the largest component
recovered (see Chart 6.4). Cities with high
commercial/institutional recovery levels typically
have strong paper recovery programs. Lincoln
Park recycled 61 percent of its commercial waste

stream in 1990 through paper recycling alone. The
Borough not only required commercial recycling of
high-grade paper, newspaper, and corrugated
cardboard, but also accepted mixed paper at its
drop-off site. Seattle, which recovered an estimated
40 percent of its commercial waste in 1990, has a
successful paper recovery program. Approximately
68 percent, or 266,600 tons, of Seattle’s commercial/
institutional waste stream consists of paper. Of this
amount, the City recovered an estimated 136,554
tons (51 percent) in 1990. In contrast, neither San
Francisco nor Dakota County, Minnesota is
recovering as large a volume of commercial waste
paper; consequently, these communities have lower
overall commercial recovery levels. Paper
comprised 49 percent of San Francisco’s commercial
wastet* and 57 percent of Dakota County’s
commercial waste, in 1990. Yet San Francisco
recovered 23 percent, and Dakota County 39
percent (25,147 of an estimated 64,885 tons)s of
commercial waste paper generated.

In 1990 Mecklenburg County recovered 22
percent of its commercial waste stream; nearly all
of this material consisted of corrugated cardboard,
collected by the private sector. The County hopes

Chant 6.4
Commercial/Institutional Materials Recovered
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/4 Scrap Metal
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Food Waste,
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percent by weight of commercial/institutional waste generated
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to substantially increase its commercial recovery
rate by targeting other paper types in 1993, when
a new processing facility, designed to process
primarily waste paper from the commercial/
institutional sector, will come on line. (Businesses
will be charged a tipping fee to drop off materials
at this facility.)

Communities are elevating commercial
recovery levels by encouraging businesses to
recover a wide range of materials, including glass,
aluminum, ferrous metal, and food scraps. For
example, 45 percent of the commercial materials
recovered in King County in 1990 consisted of
glass, plastics, metals, tires, motor oil, batteries,
textiles, yard and wood waste, and food
waste. (See side bar, "Commercial Food

1990. The City’s two primary refuse haulers offer
their refuse customers curbside/alley collection of
recyclable materials. One of the haulers conducts
waste audits for its commercial businesses before
initiating recycling collection. Because refuse fees
are based on per-container charges, some
businesses save money through recycling.

According to State law, haulers in West Linn
and Portland, Oregon are required to pick up
recyclable materials from businesses, and may not
charge businesses more for refuse and recycling
collection than they charge for refuse collection
alone. (Many haulers in Portland, however, have
not informed their customers of this option.)

Waste Recovery Programs.”)

Mandating Participation in the
Commercial/Institutional Sector

By mandating businesses and institutions
to recycle, communities encourage the
establishment of a private sector recycling
infrastructure.

Six of the 30 communities in our sample
require businesses to recycle a designated list
of materials. These include many of the
communities with the highest commercial/
institutional recovery rates, such as Lincoln
Park (with a 70 percent commercial/
institutional recovery rate), Newark {with a
46 percent private sector recovery rate), and
Upper Township (with a 34 percent private
sector recovery rate).®

Essex County, in which Newark is
located, has mandated that municipalities
provide, at a minimum, drop-off sites for
corrugated cardboard and high-grade paper.
In addition to these materials, Newark
requires businesses to recycle newspaper,
glass food and beverage containers, and
aluminum and bimetal cans.

Monroe, Wisconsin has required
businesses to recycle a wide range of
materials (including newspaper, corrugated
cardboard, glass containers, aluminum and
ferrous cans and scrap, lead-acid batteries,
tires, motor oil, and grass clippings) since July
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Enforcing Recycling Mandates

Many communities have established
enforcement measures to ensure program
participation. Enforcement measures for mandatory
programs include warnings, penalties, fines, and
refusal to collect refuse containing recyclables. The
manager at Monroe County’s landfill, for instance,
periodically inspects refuse. If recyclables are
found, the manager photographs the material and
reports the offense to the Department of Public
Works, which advises the offender how to comply
with the recycling regulations. As of fall 1991,
three businesses had been found to be in
noncompliance with Monroe’s recycling regulations,
which went into effect in July 1990.

Newark may issue fines of $25 for
noncompliance with commercial recycling
requirements. However, no enforcement fines had
been levied as of mid-1991.

In large cities, it may not always be practical
for public works officials to examine refuse for

compliance with recycling regulations. City
officials use other mechanisms such as requiring
each business to fill out a recycling planning report
detailing the operation of its recovery program.

Planning and Reporting Requirements

Through waste audits and planning efforts,
communities are setting in motion and tracking
commercial recycling.

While businesses in Providence are responsible
for arranging their own collection and recovery
programs, the State provides technical assistance
and tracks waste generation and recovery through
mandated waste reduction and recycling plans.
Businesses with more than 50 employees must
submit annual recycling reports and waste
reduction plans to the State according to a specific
timetable. In 1990 each of these businesses was
required to complete a waste audit and submit a
plan to the State Department of Environmental

Table 6.4
Materials Collected from Commercial/institutional Establishments
at Curbside/Alley by the Public Sector

ONP OCC HP MP ALUM CAN SM GLASS PET HDPE WG OIL BATT TIRES Collected

Total
Materials

Notes:

Key:

ALUM = Aluminum BATT - Batieries
HDPE = High-deneity Polyethylens HP = High-grade Paper
0CC = Cormugaled Camdboard ONP = Newapaper

SM = Scrap metal WG - White Goods

V = Set-out of material by business or institutional establishment is voluntary.
M = Set-out of material by business or institulional establishment is mandatory,

Communities listed represent only those cities offering municipal curbside collection of commercial materiale. Total materials collecied may be
underestimated in some cases as mixed paper can include several grades of paper. The City of Redman, located in King County, Washington,
collects high-volume, low-value material such as mixed waste paper.

FR CAN = Ferrous Cans
MP = Mixed Paper
PET = Polyethylens Tersphthalate
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Management detailing the amount of material
currently disposed, the amount and type of
material currently recycled, a waste composition
breakdown, and a proposed plan for reducing and/
or recycling each component comprising over 5
percent of the waste stream, including how
materials would be separated, collected, and
transported to market.” Once recycling plans have
been approved by the DEM, businesses must file
annual reports on their recycling activities. As of
1991, all businesses with over 100 employees that
were required to submit recycling plans to the
DEM, had done so. While the DEM did not
enforce implementation of such plans until mid-
1991, it believes that the majority of large
businesses are currently recycling. (By 1991 neither
the State nor the City of Providence had
determined how much commercial waste was being
recycled in Providence; tonnages utilized for this
study were estimated and may under-represent
actual recovery levels.)

Berlin Township, with a commercial/
institutional recovery rate of 61 percent, reviews all
business recycling plans prior to issuing or
renewing a mercantile license.

Technical Assistance

Municipalities also encourage commercial
recycling through technical assistance. Eleven of
the communities studied, primarily the larger
communities and the counties, provide the
commercial/institutional sector with some form of
technical assistance. Such assistance may include:

* on-site assistance, including waste audits;

* business-specific informational exchanges and
round-table discussions; and

» listings of markets, haulers, and other commercial
sector publications.

While Lincoln, Nebraska recovered only 3
percent of its residential waste in 1990, it recovered
25 percent of it commercial/institutional materials.
(Seventy-seven percent of the MSW recovered in
Lincoln in 1990 consisted of commercially generated
materials.) The City Recycling Office and the
University of Nebraska Civil Engineering
Department have helped encourage such recovery
efforts through a waste assessment project. Ten
different types of businesses, including a hospital,
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an office building, and a manufacturer, participated
in this voluntary program. An assessment team
conducted a waste audit for each business and
followed with a technical and economic feasibility
analysis for reducing each business’s waste stream.
Participating businesses estimate that 30 to 65
percent by weight of their waste stream has been
diverted as a result of recycling.

The Philadelphia Recycling Office (PRO) has
published a pamphlet, entitled Commercial Recycling
Quick Reference to assist businesses in locating
recycling vendors. Another PRO publication,
Recycling at Work: Profiles of Commercial Recycling,
highlights innovative business recycling programs,
and offers instructions on how to conduct waste
audits and start up a recycling program. PRO has
also organized a number of business-specific
information exchanges to promote recycling.

Awards

Prestigious awards can spur businesses and
institutions to recycle. Awards provide businesses
with free advertising and can be a valuable public
relations tool. A number of cities including
Newark and Lincoln, where businesses pay refuse
tipping fees ranging from $8 to $102 per ton,
distribute awards annually to businesses.

Assisting Businesses and Haulers
with Marketing Recyclables

Some municipalities are helping local haulers
and businesses locate markets for commercial
recyclables, and in some cases, accepting privately
generated material at public facilities. Mecklenburg
County, for example, plans to open a recycling
facility to process commercially generated waste
paper. The County will charge businesses a tipping
fee to drop off this material.

Private haulers in Providence have reported
some difficulty marketing commercially generated
recyclables. The State of Rhode Island allows
private haulers to use the State processing facility
as a market of last resort, however, it charges the
private sector a tipping fee equivalent to the tipping
fee at the State landfill.
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A cooperative program in New Hampshire, run
by the Governor’s office, the State Food Waste
Recycling Association, the University of New
Hampshire, and the State Veterinarian’s Office,
helps local food producers locate food waste users,
such as pig farmers.?

Municipal Collection

In some communities, private haulers do not
offer businesses collection of recyclables. In such
cases, and in order to reach high recovery rates,
some municipalities become the primary hauler of
commercial recyclables. Municipalities either
provide businesses collection services, contract with
private haulers to provide such service, or establish
drop-off sites that accept recyclables generated by
commercial and institutional establishments.

In Berlin Township businesses are required to
recycle. The Department of Public Works collects

refuse from 20 of the 280 businesses located in the
Township but offers recycling service to 200. It
collects source-separated aluminum and tin cans,
glass, corrugated cardboard, HDPE and PET plastic
containers, newspaper, and scrap metal on a
weekly basis, for no charge from these 200
businesses. Upon request, the Township provides
bars and restaurants with 20- and 55-gallon drums
for glass storage, and with 20-gallon drums for
storage of aluminum, tin cans, and plastic
containers. Tn 1990 Berlin Township recovered 61
percent of its commercial/institutional waste
stream.

The City of Wapakoneta, Ohio collects
commercial and institutional refuse; since 1990 it
has also collected corrugated cardboard for
recycling. The City is restructuring its refuse fees
to provide businesses maximum incentive to
source-separate cardboard. It will charge
businesses $10, $12, or $14 per pick-up of mixed
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refuse, depending on container
size, but only $8 per pick-up of
segregated cardboard.

Businesses in Berkeley receive
municipal refuse collection
service. Refuse rates are based on
container size as well as on
frequency of collection service.
Businesses may receive municipal
curbside/alley collection of
recyclables for no additional fee.
(The City’s cost for the separate
collection of recyclables is covered
by the refuse fees it charges
businesses.) In 1990 the City
collected recyclable materials from
250 businesses. By 1992, 600
businesses had signed up for
recycling collection service.

Sometimes private haulers
charge moderate fees for
collection of recyclables from
large-volume generators, but
relatively high collection fees for
smaller generators. In some cases,
municipalities provide collection
service to smaller businesses. In
Newark, for example, private
haulers collect most commercial
wastes, but the City provides
smaller businesses with free
collection of corrugated cardboard
in ail major business corridors.
This service costs the City $58 per
ton. Newark has expanded the
number of corrugated cardboard
customers from 70 in 1989 to 247
in 1991.

In some communities, private
haulers will not pick up high-
volume, low-value recyclable
materials. Communities can
encourage private haulers to offer
collection of such materials. For
example, in Redmond,
Washington (located in King
County), the City contracts with a
private recycler on a per ton basis
to pick up mixed paper and other
low-grade paper from small and
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The fee paid to this hauler is
obtained from a waste surcharge that the City has
levied on all businesses. All businesses are, in
effect, paying for this service.

large businesses.

Many businesses, particularly smaller ones,
utilize drop-off and buy-back sites for recyclables.
Cities can encourage commercial recycling efforts
by allowing businesses to drop off materials at
publicly run or contracted drop-off sites. Lincoln
Park, for example, encourages businesses to use the
public drop-off site. The Borough spends an
average of $54 per ton of

FY 1991, it recovered a total of 2,386 tons of
material (from both the commercial and the
residential sectors) at a cost to the City of
approximately $10 per ton.

Conclusion

Cities are stimulating businesses and
institutions to recover a wide range of recyclable
materials. Commercial and institutional waste

recovery helps communities meet high recycling
goals. Communities,

material collected and
processed through the drop-

off site. Businesses
primarily deliver corrugated
cardboard, which the

Borough was able to sell for
$12 to $15 per ton in 1990.

The Community
Conservation Centers Inc.
{CCQ), a nonprofit company
in Berkeley, operates two
drop-offs and one buy-back
site. Businesses can deliver
newspaper, mixed paper,
glass containers, aluminum
and tin cans, refillable wine
bottles, and corrugated
cardboard to all three sites.
They are paid for materials
brought to the Berkeley Buy-
Back Center, which is
operated under contract
with the City. For the
$25,000 the City paid CCC
to operate the buy-back in

Recycling ln_a Resorl Community

f‘:_‘g _ _Upper T ownshlp reoovered '
G of s total sohd waste '

particularly large cities, can
encourage  commercial

recycling through legislative
mandates, technical
assistance, and recycling
planning requirements, and
by allowing private haulers
to deliver materials to public
processing centers.
Communities that collect
refuse from the commercial
and institutional sector may
find it cost-effective to
collect source-separated
recyclable and compostable
materials from this sector as
well. Communities with
such  incentives and
programs in place are
already recovering 40 to 70
percent of their commercial
and institutional waste
streams and continue to
strive for still higher
recovery levels.
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Notes

The large percentage of commercial waste generated in certain rural communities is attributed tothe relatively low percapita
generation of residential waste. Due to backyard composting, waste burning, and other factors, per capita residential waste
generation is quite low in many rural communities, ranging between 1 to 2 pounds per person per day in many instances,

2]ohn McCabe, “Commercial waste recycling: the experience in one state,” Resource Recycling, November 1991.

3Although the haulers would like to continue the service, Golden Gate's Recycling Manager estimates that 30 percent by
weight of the commingled material was lost to theft in the beginning of 1990. In addition, the Company incurred several
thousand dollars in damages to toters and bins due to scavenging of materials. The Recycling Manager attributes these
problems to the increase in California’s redemption value from 1.5 to 2.5 cents in January 1990. Customers have since been
asked to secure bins to prevent further scavenging. An estimated 15 percent of customers no longer receive the service due
to their inability to secure containers. The haulers have also enlisted the help of the local police to enforce the City’s anti-
scavenging ordinance. As of mid-1990, seven arrests had been made.

“This estimate was calculated by the Institute for Local Self-Reliance based on data from Brown, Vence, and Associates. This
consulting company estimates that San Francisco generated 191,375 tons of waste paper in 1990. A total of 392,764 tons of
commercial waste were generated that same year, minus animal manure and inerts. {Brown, Vence and Associates, personal
communication, November 1991.)

*The tonnage of commercial waste paper generated was obtained from Franklin Associates, Ltd., Dakota County Generation and
Characierization Study, February 1991.

New Jersey businesses are required by State law to recycle.
7In June 1992 the provisions of the mandated recycling plan were altered and streamlined.
8Resource Recycling, November 1991, 22.
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Construction and demolition (C&D) debris is
waste generated as a result of building activities,
including road repair projects. This waste includes
tree stumps and other treated and untreated wood
waste, bricks, concrete, asphalt, metal, roofing
shingles, dry wall, and other building materials.
The amount of C&D debris any given community
generates may fluctuate widely from year to year
as land clearing, construction, and demolition
activities vary over time. C&D often comprises a
significant portion of the total solid waste generated
by many communities. While this waste often
burdens local collection and disposal systems, much
of it is handled by the private sector; as a
consequence, tonnages generated are often
untracked and therefore unknown.!

Chart 7.1, which compares the amount of C&D
waste generated to the amount of municipal solid
waste generated for select
communities, illustrates how

Chapter Seven
Targeting Construction and

Demolition Debris for Recovery

the rural city of Monroe, Wisconsin, also generated
a large amount of C&D waste, equivalent to 0.60
tons per person.

Table 7.1 provides C&D waste generation and
recovery data for 13 communities (all those in our
study for which such information was available),
including which materials are reclaimed. Chart 7.2
shows the significant contribution recovery of C&D
materials makes to the total solid waste recovery
rate in Monroe, Wisconsin; Lincoln, Nebraska; La
Crescent, Minnesota; and Berkeley, California. In
our base year of study, the annual tonnage of C&D
materials recovered in these communities exceeded
that of MSW recovered. (See Tables 2.1 and 7.1.)
In fact, if the tonnage of C&D recovered is excluded
from total waste recovered and disposed, recovery
rates would drop from 38 percent to 22 percent in
Berkeley, from 41 percent to 29 percent in La

much C&D debris generation
can vary among communities.
(C&D waste is neither
household nor commercial/
institutional waste. Thus the
tonnages of MSW generated

§

Contribution of Construction and Demolition
Debris to Total Solid Waste Generated

Chart 7.1

and recovered in this report do
not include C&D waste. C&D

3

waste is, however, included in
total solid waste tonnages. See
Table 2.2.) In the rural
community of Bowdoinham,
Maine, C&D debris made up 2
percent of the local waste
stream in fiscal year 1990, or
0.01 tons per capita. In
comparison, C&D totaled 1.07
tons per capita in the City of
Lincoln, Nebraska in 1990—
nearly 50 percent of the total
waste stream. As a result of
major street repair work in 1989,

!

’

percent by weight of total waste gonerated
']

Weet Linn
Phiadeiphia

West Paim
Beach
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Crescent, from 52 percent to 12 percent in Lincoln,
and from 50 percent to 28 percent in Monroe.

Asphalt and concrete are currently the most
popular C&D materials being recovered. Some
communities recycle and/or compost wood waste,
and a few are recovering other C&D materials
through public or private operations. This chapter
describes C&D recovery strategies employed in
these communities. These include:

¢ salvaging bricks, wood waste, and other
discarded building materials for reuse,

» grinding asphalt, concrete, and bricks for use
as an aggregate, primarily in new roadbed
construction, or as landfill cover,

* recovering asphalt roofing waste for recycling
into a road repair asphalt material,

* recovering scrap metal for remanufacturing,

* grinding wood waste into a mulch product,
and

¢ using C&D for fill or landfill cover.

Reuse Operations

In a few communities,

Materials Exchange for resale to local homeowners
and builders. In its 1991 fiscal year, Urban Ore
grossed $724,364 ($134 per ton recovered) from the
salvage and resale of C&D debris and other
household materials, earning a net profit of $27,754.

The Loading Dock, a nonprofit building supply
recycler located in Baltimore, Maryland, redirects
bulky material such as lumber, drywall, floor
covering, doors, paints, and windows from disposal
to end uses. Donated materials must be reusable.
The Loading Dock distributes these materials to
organizations that use them to build low-income
housing. The operation currently recycles 12,000
to 14,000 tons of materials per year.

The Town of Peterborough, New Hampshire
recovers an untracked amount of bulky items, such
as lumber, windows, and wire, at its Recycling
Center, and gives these away to residents.
According to the Town Administrator, the
Recycling Center has gained a reputation as a place
to find hard-to-obtain items. (See Chapter 3 for
further discussion of reuse operations.)

public and private operations
recover a wide range of
materials from construction
and demolition projects,
including windows, doors,
wood waste, and shingles, for
reuse by  professional
contractors and “do-it-

Construction & Demolition Debris

Chart7.2

and MSW Recovery

yourselfers.” Of the nearly

3 MSW Recovered

40,000 tons of C&D debris
recovered in  Berkeley,
California from July 1990
through June 1991 (66 percent
of C&D waste generated), an
estimated 3,590 tons were
salvaged by Urban Ore, a
Berkeley-based company.
That year, the company
salvaged 27 percent of the
12,325 tons of wood waste
generated in Berkeley. Urban
Ore recovers used building
materials, such as windows
and doors, at its Building

3§85 %R G

percent by weight of total waste generated

B <&D Recovered
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Asphalt and Concrete Recovery

Rubble such as concrete, bricks, dirt, and
asphalt is a common component of C&D waste. A
number of municipalities reprocess and reuse
asphalt and concrete from city street and sidewalk
repair projects. Using reclaimed materials avoids
disposal fees, and reduces the expense of producing
and buying paving materials. New asphalt sells for
approximately $30 per ton (in 1991 dollars) in the
Northeast, whereas recycled asphalt sells for $5 to
$10 per ton.2

Asphalt used for paving roads actually contains
95 percent aggregate and only 5 percent pure
asphalt. When roads are built, gravel is first laid
and then covered with roadbase material. The
roadbase, termed “cold mix,” typically includes a
mixture of crushed asphalt, aggregate, and stone.
This layer is then covered with a protective coating,
or “hot mix.” Most waste asphalt is generated
when existing paved areas are prepared for
repaving; this involves removing the top layer of
the old asphalt before replacing it with new asphalt.
Some of the old asphalt can be mixed with new
asphalt before being applied to the road surface.
However, recycled asphalt is more often used as
a roadbase or for shoulders on roads. With the
improvement of technologies and the strengthening
of secondary asphalt materials, the use of recycled
asphalt in the top layer could increase in the
future

Concrete waste, another component of C&D
rubble, is a byproduct of sidewalk construction and
repair, foundation pouring, and bridge building
and repair. “Concrete” is actually a combination
of concrete and an aggregate that contains crushed
stone, sometimes mixed with sand and grit.
Crushed concrete is primarily used as an aggregate
for roadbase material. It can also be used for many
other purposes, such as foundations or the concrete
layer used below the cold and hot mixes on
highway bridges. Reclaimed asphalt and concrete
can be reprocessed at the construction site where
they are generated or at a separate facility

La Crescent, Minnesota; Monroe, Wisconsin;
Lincoln, Nebraska; Naperville, Illinois; Berkeley,
California; and Philadelphia, Pennsylvania reclaim
asphalt and concrete materials. In 1990 La Crescent
recovered 600 tons of asphalt (65 percent of C&D
generated that year), which was ground and relaid.
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Monroe repaired its street beds in 1989, and a local
company reprocessed the resulting 5875 tons of
asphalt for use in relaying the road bed. MSW
recovery activities diverted 19 percent of Monroe’s
solid waste in 1989; C&D recovery increased this
diversion level to 50 percent. The City of Berkeley
recovered about 60 percent of the approximately
40,000 tons of C&D debris generated between July
1990 to June 1991 through two private C&D
recovery operations.

Wood Waste Recovery

Wood waste often comprises a significant
portion of the total C&D debris recovered by a
community. Often such wood waste is burned as
a fuel. While this may be an appropriate end use
for untreated wood, it is not considered recycling.
Wood waste from land clearing and other
construction and demolition activities can be
chipped or ground for use as a mulch product. In
1990 Lincoln Park recovered 1,876 tons of wood
stumps and logs, which were delivered to The Ox
Stump Factory in Ledgewood, New Jersey, for
composting/mulching. This tonnage represents 43
percent of the organic materials recovered in
Lincoln Park that year. (Tonnages of C&D
disposed are not available; thus, a C&D recovery
rate cannot be calculated for Lincoln Park.) The
Factory, which opened in 1989, accepts yard waste,
brush, and tree stumps for a fee of $8 per cubic
yard. Another 83 tons of wood waste from the
demolition of two houses were recovered and
composted in Lincoln Park by the private sector.
Berlin Township chips brush, tree stumps, and
clean lumber on a small area of its public works
yard with a Chipmore chipper. In 1990 the
Township recovered 640 tons (almost 22 percent of
the materials it composted or chipped) this way.

Lower Value Uses

While new construction projects may represent
the highest value use for asphalt and concrete,
some communities are diverting these and other
materials to other kinds of projects. Palm Beach
County uses clean concrete such as cement pipes
to form artificial reefs. Of the 193,167 tons of
construction and demolition debris recovered in
Lincoln, Nebraska in 1990, 133,167 tons were put




to a low-value use as fill material to close the
landfill. (The other 60,000 tons of concrete and
asphalt were recovered by private haulers and used
for road resurfacing or to make new asphalt.)

Economic Incentives and
Legislative Initiatives

Some of the communities in our study use
financial incentives in the form of reduced tipping
fees to encourage haulers and businesses to
separate C&D materials for recovery. If haulers can
deliver the waste they collect to a private or public
recovery facility at a lower cost than a disposal
facility would charge, they will tend to do so. In
April 1990, Cape May County, New Jersey, opened
the Bulky Waste Sorting and Recycling Facility at
its landfill site to separate out scrap metal, tires,
commercial cardboard, bulky waste, and wood
waste. The County normally charges a landfill
tipping fee of $83.50 per ton, which can be reduced
to $60 per ton if private haulers separate out clean
wood waste. If more than 5 percent of the private
hauler’s load contains unsorted recyclable materials
(that is, recyclables mixed with trash), the County
charges $200 in addition to the tipping fee.

The City of Lincoln encourages private haulers
to deposit construction and demolition materials at
the City’s old landfill by not charging them a
tipping fee. In 1990 a total of 193,167 tons of C&D
{94 percent of C&D generated) were recovered at
this facility. Much of this material was used to
close the landfill.

Notes

Dakota County has a few private C&D
recovery operations. One such operation, SKB (a
subsidiary of Carl Bolander & Sons), a C&D
demolition landfill, charges $4.50 per cubic yard for
clean and mixed loads of C&D debris—eight times
less than the charge to haulers at the local
municipal solid waste landfills. SKB recovers
stumps, pallets, and clean wood from demolition
and construction sites, processes these materials
into a mulch, and sells them to landscapers and
residents. In 1990 the facility produced an
estimated 20,000 tons of mulch. SKB also crushes
concrete, brick, and stone on site into materials to
be used as a road base. Reinforcing rods removed
at the processing plant are sold as scrap metal.

Communities also use legislative initiatives to
help spur C&D recovery. When Cherry Hill, New
Jersey contracts with private companies to repair
the roads, the contract stipulates that torn asphalt
be pulverized and used as a bottom layer on the
same street. This process, called Pulverization
Stabilization Layover, resulted in the recycling of
19,413 tons of asphalt in 1989.° In order to
encourage reclamation of C&D materials—
estimated to constitute 17 percent of its solid waste
stream—McHenry County, Illinois has proposed
requiring developers to submit a construction
material recovery plan as a condition for receiving
a building permit ordinance. After construction is
completed, the builder would have to document
what materials and what tonnages were recovered
before occupancy approval was issued.

Most communities do not track the tonnage of C&D generated and recovered. We obtained most of our tonnage
data from the private sector and disposal facilities. Our figures may exclude some C&D waste privately disposed

or recovered.,

Christine T. Donovan, “Construction and Demolition Waste Processing: New Solutions for an Old Problem,” Resource

Recycling, August 1991,
3bid.
*Ibid.

5Brenda Platt et al., Beyond 40 Percent: Record-Setting Recycling and Composting Programs, (Washington, D.C.: Institute for

Local Self-Reliance, 1990).

64C&D Targeted for Recovery,” BioCycle, October 1991, p. 10.
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Overview

This chapter evaluates the costs of 30 diverse
recycling and composting programs. The first
section presents capital and operating and
maintenance cost data. The second section
examines the effect of program design on costs, and
in the third section, we draw upon the experience
of these 30 communities to offer suggestions on
how communities can reduce the costs of materials
recovery. The final section briefly compares
communities' materials recovery operating costs to
the costs they incur for refuse coliection and
disposal.!

Capital and Operating and
Maintenance Costs

Communities incur two types of costs when
implementing a materials recovery program:
capital costs and operating and maintenance (O&M)
costs.

Capital costs are one-time expenditures
including equipment (e.g., vehicles, household
storage containers, conveyors, crushers, and balers),
land, and building construction and improvements.
Capital costs can be accounted for as one-time
expenses or amortized over the lifetime of the
equipment.

Table 8.1 lists the total capital investment in
recycling and composting made by each
jurisdiction. Capital costs that were picked up by
public agencies outside the jurisdiction, or by the
private sector, are not included in this study. Also
excluded is any equipment donated or owned
before the initiation of recycling and/or composting
programs. While we recognize that previously
owned equipment is an asset, which can be sold
for cash, used for its original purpose, or used for
recycling, the difficult and somewhat arbritrary task
of placing an accurate dollar value on older

Chapter Eight
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equipment was beyond the scope of this report. In
addition, by excluding the value of previously
owned equipment, capital costs figures reflect the
benefit communities reap when they avoid
purchasing new equipment to start recycling
programs. By using previously owned equipment,
communities can recover materials without the cash
outlay to purchase this equipment new.
Communities doing this are benefitting from
reduced cash requirements as compared to
communities choosing to purchase new or
additional equipment. (See Integrating Materials
Recovery Into Solid Waste Systems, page 140.) All
the capital cost figures in Table 8.1 are expressed
in 1990 dollars and represent the costs incurred
only by the documented community.  Table 8.2
lists capital costs on a ton-per-day recovered basis,
which, in cases where complete costs are given,
allows for comparison of capital investments both
within our sample, and between our communities
and communities employing other solid waste
management options. Table 8.3 lists annualized
capital costs per ton of materials recovered? Tables
84 through 8.7 present capital cost data broken
down into recycling collection and processing and
into yard waste collection and composting, and
indicate for each of these categories what these
costs include and what, if any, other equipment is
used for which the jurisdiction did not have a cash
outlay. (Table 8.17, presented later in the chapter,
lists the capital costs of intermediate processing
facilities.)

Annual O&M costs are ongoing expenses that
include such items as equipment leasing and
maintenance, utilities, labor, administrative
expenses, licenses, supplies, insurance, residue
disposal, marketing fees, contract fees, and publicity
programs. In this study, materials recovery O&M
costs are broken down into four basic categories:
collection, processing and  marketing,

Taxt continues on page 116

B Cosis_ s>



“aieNEABUN 817 JRBA 85U U pasn luawdnbe jo sisao e ‘peprioul useq sey g eek aseq ey) Suunp pesn (ou em Japeo @ey v (1)
"BIGEI{BAR |OU BFE S1S00 BSBY] ‘UOIIRIS JB|SURI) 8yl 1B
ans yo-doup si Jo} luewdinbe ewos eseysind pip AiD ey “Buiphoes epreqind Joj S1500 epden ayl e now AN eyl LM 128.1U00 JapUn JaineyY oAl (8)
"5J6PEOY pue-1oy pue sieddiyd Jo SiappaIys saphioul AjeodAl
uewdinbe Bunsoduion so Buissencly “sfeueew KueBio - yojnuw Jo ‘dip ‘sodwon - 580004 0} posn |uawdinbe o] spew wewisoaul [xded ay) {p)
‘Buyeq so Buysnuo pue ‘prowes  eUIWEILCS ‘Bupos sepnioul
Agecndi) Butssenold "s:98n pue of Buneew soj uoiredesd W SEUSRW aqepAe) sseoosd o) pesn wewdinbe Jo) apew wewseAul Eudes ay) (3}
-Bunsodwoo 1o Budakoed Jo) BfEUSIEW B0 ol pasn wewdnbe Joj epew weusSeAL repdes ay) {(q)
“J8A00 SI900 FRYM UO UGHEULON PeliBtep epwasd £ '8 O '8 S81qe) 5801 6oud seonposd Butsn s19)jop 086 ILEISLCD O}
PELBAUOD SEM Qagvcoaxoﬂ.ﬁtc you3 ‘(2661 "soURjeY-Hes RI0 Jo) SinNIBU| D'() ‘UoIBLILTEBM) [i| PUE ‘|| '| SIOA .'SINSeY ‘swo?) ‘sufiseq
sunesBosg Bunsoduion pue SuipAtey (o sapnIs Yideq-ul, 898 ‘smco pue ‘eseyound Jo serep ‘pessynd jueuidinbe Jo SUMOPYERI] PopEep JoJ (B)
J0A0D STE00 JBLM UO UOIRULIOJ) pejtiop sapusaxd £°g 01 p'g SOIGEL "POpNXe St SBIIUNCO 858y URM sepfediunty Aq peseyond
etdinbe AUE '8ACGE PBISY SIUNCD JNOJ 841 )04 "SUlq SYL [0 1900 By} PUE 560} IDBIIUCO By 8Kew AR 8y} Aq PaUNO SIS0 LoROA(I0D Ao ey) “AxD
o1 Y PRIjUcD sepun uriBosd apisquno ey) sefeledo ‘uoiepuno Suipioey ey “dnosb osduou epeaud e enelep] w ‘aduexe Jo4
-(s)uresBoid sy) 20} peziun Kewdinbe By) jo SIS0 Syl J[e AESEe0eU lou puR Lotoipsun! a4} AQ PALNOUL &R |pI Bs0Y luasaide) 5iS03 felided 9ey |,
:sep0N

~ SIgERAY ION = YN

arqeddy 1N =

WNoooo A A
6/6'1018 o T6 g0 0 o8 0 WEELER  065G1S 0 POLHLS e SR BT
COBEES i) oevisEs i of
9sB'sPis )

DE0'9LLS

L)) GV 13) Iq)
180D nong Bujsssooiy uonde||0D moigng Bujssedcsy UOpdeHOD Aunwwod
jade) mioL 1902 jeyde) Buysodwo) 61307 (wide) Bujpioey
_______ (e) s1mjj0Q 066 YULISUOD U

‘Bupisodwio) pue ButdoAoay 10} €180 [elide) sejjjunwwod
I'g a|qel




"SIQBIIBAR YOU 858 S{500 85841 UOIEIS Jojsuny] sy 1@ ons Bunodoes
jfo-daip sy oy Jwewdinbs ewos eseyund pip AXg ey) BuipAoe) epiaquno Joj sis0a ENdED Byl iB M AN BUYI YIM IRIRICO JEPUN SIBNBY SMEAU (8)
‘pesseccid ebeuucy ) wouy siepp pepeljoo
ebeuuo ay) esneneq dn ppe Jou op FI500 AWOS "SIyl WO Area Aew senpeyos Buisseoasd pur uonseycs Apenpe Uy -(voreredo ueaBosd
P stuow § uo peseq e YoIym 'sisco Buiisodwod sepadepe jo uondeoxe syl Yum) seed sed vonmedo 1o sAep 09Z UO PeTEq PerENIED B (d ) Jod 1900 feuden
SOION

ejqesyddy N = -- feq sad suc] = Od1 nﬂ_._.iszmi
Aoy

+99'¥SS
Busseoosd uogoeyo) [moqns  Bujssesold  uonIeo) moiqng  Bupssedold  UDRIIOD Aunwwo)
L LT 118 Bugsodwon Bujioioey

s.ie||og 0661 1UeISUOD Ul ‘P3IA0D9Y OdL 13d 81s0D |ende)
Z'83lqel




' Wasie Prevention, Recycling, and Composting Options: Lessons from 30 ULS. Communities ==

o8

0661 U Ao ey1

possecosd pue pepageo SA|GE|DATI8] JO IUNCLUE [B10} 6yl JO %L Siesexde) yoiym ‘Auo ebeuuc) pue wewdnbe yo-dop o) seidde sy {q)
-asey2INd Jo oW syl 2 [Inj i pred sEm awdinbe Jayio st o e 'epiyeA auo jo eseyond ay) Joj poued JEBA-G B 10} %9 [0 B1BI B

T8 SpuOq panss! g Ueoul ‘pouad Feed-g B JeAc peziLowe §1 yoius uewdinbe syl jo eseynd ey soj spuoq sjEoj) emeN 1o Al eyj
818 1S8JBIUI %G'8 UE 1B SIBBA § JGAO PAZIPOLIE SBM BIIIOPEILJ Ul IWBWANDO Y '%/9°0) JO Sl 130.01U) UE 8 LBO| JEOA-G B Yim
POOUBLY) BIOM SISNEI] PUR YOTU] Jesreg sebeg ‘unsny u| -pesdde siem spoued yoegied pue sopm) BuUBuY [ENPE ‘SBIILNLILOD 850Y) J0
“pauncul 8iem sofel Burousu)j ey YBMEN PUB “TEd UICOU “BIydiEpeliyd ‘UIISNY jo S5ED ey 1A Jdeoxe peijdde aiem som Buuew) Jo
noosip of "poued Jead-g| B Jero peziEnuUE sam uewdnbe Bumssasosd epym 'pousd JEBA-, B J8A0 pezEMUUE sEMm Juawdinbe uopes
“JBACO 150D By} U} POIAcOS) 8EBULOI (BNUUE 8y) AQ PAPIAP 81800 [Biide pazienuue spEnbe S1900 (euded PAZIENUUE o) Jad (8)

eMON

efqeEeny 10N = YN azﬁ__&«;oz?

$3a53
w
8%

233538535
23338333884
533

ééa

0%
WM
T €3
N G
9% 1%

<
—
W
< :‘:.Z_ 1: o :'.:

sagasadas

L b
Z & &
ToE. FApT,

2382
328533353
223

[
b
“r

Aercdey Bujssesoud uopde|ied jmoigng  Buissedosd uopderoD lmolqng  Buissedold  UORde|I0D Aunwwod
sjepaiEN lejoiqng mong Bupsodiod Bujpiaen
IneL
(e) uoj 13d siejjog 0661 JUBISUO) U] ‘AIBA0I3Y S(B|IS)eN 10
§1509) |ejides) pazjjenuuy S3UNWWOY)

£'8 3iqeL

Costs

98



AU O LW 1ORIUOD LOGINO0
yo-daup suo pue "Apjeem seuarew omg dn sord 03 A BUL LM BEIUOD JOPUN MBI LORIed-0U0 € JBA0O
S1S00 WP "UO0ROB|I00 SaIqeIA%9) 10§ 51500 [BIdED BU) 1O 1SOL SINOUI 101088 B1BALd BY| 101068 s1BaLd

oy Aq peseyaund suiq Jjo-I0l KIsaAld IM3 01 epngxe pue sBeq LoeisuwIos 000'g1 BpNU NISKo EdeD  0052S L] 29 v 3N ‘wodun
“Bursseocud pue UOKIENOD JOj UCK B gE$ paLnow A0 8y SMam uosied-aanp Lpm Apeam
nutsuex_uﬁnzongobmsﬂn&aoasﬁogugﬁuo “dnoul Jycuduou ooy B 'Jeimey .
ateAud Byl Ag peumo uejfRN INOJ PUE ‘SN IN0J SpNOXe pue suig Buipioal 000’8, JBA0O SIS00 IdeD GBS 0EKS ¥N 00522 orre L alk ol
(0661 W sUOL /) Saus Jjo-doup A0 g 18 UORBH0D JO
1500 8L sunau] Uno?) ey | Apieew SEEUSIEW L 106J100 O} SMBD UOSISH-E PEIoRIUGS JBAGS RS0 R0
JopBy peoejuco ey Aq pesn inbe apngoxe pue sulg Bugo/Aal gop'L oo R eydey  S1.8% 1% 99%'t - >4 NN uecser) 1
"SKENEAR JOU AR SuoRe 51500 Uogsalioe umibBasd yo-dosp s Ybnong suk 595't $secaxd
PUE 2600 & U0t B 2014 Jueds Aunod Byl Jaes ajeaud ey Aq pakejico Auewud e seqepiooy 0 WN N 996’} YA ‘Aunog Bupy
*J83U60 JJo-doup oaqnd BUO PUR NG PENYANS) &
Ul mauo gNnd uosIed-0M) B LM HEeM JOLI0 AIBAS S[ELIIBLL (3] JO UORDS(I0D JBA0S SIS0 RSO PUB EIden g09'ved 5. w6 &Ze IM ‘ssowuue
‘SIJENEAR 10U 51 juswied
asaul Jo Ynsau B se paioaocas abeuuc) ay| .wsgcgg.ﬂggﬂgs. or o pred . . NN
S1300 WRO U £/8'E¥3$ pawnoul 4unogd ay) *Uos 0U}O J0} PBST YONA B JBACO 51500 D) 087/ vN 000'08 YN ‘Aunog moyeq
?-ﬁ..oe
S[ELEIEW UBABS J06(|00 0 SME.0 iignd uoLied-0My 1BA0D TIS00 RO PPN 10U 31 0661 U1 By 40} , .
Pesn »ong Jooed e J0) 2e61 Ul paunaul 1500 ey] o dn-youd 8o pue JaRn BUO SPNPW SI300 BIKe) 250618 &S 090'L 290't ON ‘'nquinio)
{-s1s00 myides Buisseoad Jepun pepnpu s ueudinbe Jeued yo-doxg) Heem
Jod shep eauy USdO JAUED JO-ONP BUC JBAOD ISOO RO "UGIIOROD 10) POLNOW e Rsoo EkeooN (8 et (157 1A 3N ‘weyuepmog
“Apjoom SpeuatBU
higsaﬁu%éiuﬁggsso?gg ud o) pue , .
0/ 858q SL Jeye pasn pue peseyond sug 000'y BPNDXE pue suq Bu 005'LE 8pnpou) 00 Ided  Se0'P/1$ 19§ 005'%2 ey 00 "epinog
Eo!Eg.wkwhﬂzaa\n»ﬁqu Bwgl o:%%nuﬂfﬁa.ﬁsghﬁ... ™
Buip/oal 8uC (MdQ o pue * _.8hﬁ_ ?Ewe UBSMIBq PAIBYS) HIML UBASS PN nnSLuM 90.'08% evd 0002 689'L ‘djysumoy ueq
"SIJEIBAR JOU BJE SUOJE SJSC0 UORJBROS ‘W0 Ul ua) Jad £9¢
A0 ay 1500 Burssaoaid pue LoKeE0D A S LM 10BJUOD JEpUN SYO-dOID O PUE %0Bg-Ang U pUB
“UCHOS(I0D SPISQING [ERUBLILICD [BADILNL ApiBem SfeuaiBL JNaj 1D6fjoo ol A 6ut UM I9euoo Jepun
MO0 100U UOLIBc-OM] O -8UO JBACO 6'G BIgE.| L) K900 W90 "$OX0q BI01 POXBM 000°05 PUe 'Somas \ .
XIS "SUIq HONA epIsquno 0/ 'eiysa Buipkoe: fenieunuco euo ‘siong Bupioal xis spnpul s1sco mudey  Soo'zols VN 000'0F gL w0 ‘Aepnpieg
"SMELO L0SISd-OM) LI ADOBM S[BLEIELY BAY JO UOROS(I0O BPISGIND [RdIUNLL PUe *A)D BU LM 10RJUCO
Japun Aeyeaud un WpUE) SuG 18 JJO-00ID BUO BDNPU NSCO WRD JIBA 658q 8 Jeye Pesn pue peseynd ] .
RENING 000'0Z PUB SHEND OM BPNOXS N ‘SISHING 000" PUE ‘JISKEA | | "SHONA £ JOAGO 51500 ke SE28058 oas 000’0l oL X1 ‘vpsny
uopdisoseq $o0661) () 190p ponseg  (s) sBeuuo) Apnuwo)
0oy N%O0 spioy fenuuy
mde) uol md -esnoy

se|qe|okoey DBu|)oe|0D 10} §1809 WRO pue jeyden seuUNWWOD)

¥'8 ejqelL




“SIESS JO J[BY JOUI0 a1 L ALILOW S[euayeiu
uaAes dn yoid SMa.I0 UOSIEd-BUC PUR BAIEEG JO 1By U Apjleom S[EUaTEL suil dn yod smal uosied-auo
BABY Oy $59) JORIUOD SOU AU 8yl 1oq 1o uay, v$ 1ueds AuD ey (100 Buisseooud woy payeredes

89 Jouues S1S00 Q) LOIISROT) “UOHE]S JBJSURI] 64 J8 PAEROD S{BLIGIL J0} 1500 [EKied 6Los pue
W20 SInoul Qi By "UORSSRCO SPISQUND Jof PaJTEALGS SIBinEY Bleaud Buy Aq paLNoL aie K1Sco e

“Jaes ejaaud ey Aq paunoul are S1500 RO pue e

"RID B UM LOBIUCD Jepun M0 Logied
-8u0 e Aq Ajesm S[ELBIEW ] JO UORDYI00 BLE JBADD SISO0 WP "aIElS S Ag iddns exe suiq BuipAoey
“syong Buip, auu paseyaind Jsiney eleaud ey "s1s00 Eded Jnow %MES 10U S80p 8oUBPIAQLY

‘seys yo-dop
Z sumo (eaie fjunca-iinw e Bulaas) ogepy 51500 WRO pue mudes sinout Auewud Jopes ejeaud ey

'ual Jed /94 j0 1500 & 18 AID 6yt Aq pezipisqns S|

LSIYM ‘SIS POOY JO SUCK 000'0E 4O UOR0afIco evealsd aup pue ‘uc sad £ 1§ )0 1500 & 1B smawn agnd wosied
-sa1y) Aq Apjeam STEUTEW XIS JO LIOGSSI00 BUL JBACS SIS00 RO "$00iBI 09 pue ‘Jajreq Joeg B 'syony
PIEA-DIGNO-G|. UBAES ‘Syoni] JoAreq JaBes £| ‘sIeNonq /86'82 | ‘SHond [BpoT] |2 JaA0o ISco feude)

‘Buissa00.d WoYy papiap aq 1oULED 1500 LONe0o (Auo yo-dop sienoa) Buissesoid
PUE U000 10} UGG JO SIS00 RO UNOUL Y “UOIDEII0D J0} SIS0 [EIde0 OU SINDUN LMD BY)

U3 jo-doip aiignd euo pue ‘Aiuow seded pexiu pue siededsmeu
pue Apjaom Winuiwnge pue sseib 16100 o) sma aqnd vosiad-INj 01 -OM] JEA0S SIS0 NP0 ‘sjenong
Buiphoes pue 'siaweq |oals "aoue) ANOES B Hong B o SUOREoJIpoW “JSjEN BUO JGACD FS0O BB

.Emoﬁﬁ%gg%ﬂﬂa.gagwsssgbﬁu}o
05_u..aS,._mo;ugggﬂi_oghvggglgﬁgaiggg
SIS00 WO “SIBINBY PEOelLOo AQ PaLInoul 51300 [aideo B gem s ‘weiBaid sig jo jesuo ey o oud
%&gggggﬁoﬂgzggu%@g.g?-s
UC paSjIco sfeLAW aiqeR/ioal Juasalp anoy dn yod oy pesn epian BuikdA%6s GUO JBR0D 51500 EdED

“Apieem SfeUBIEW 2| 106400 O MAL LosIed-saig 1yoxduou & Joj
580} 10B11U0O JOACO SISO WRO Al 8t LRIM 19RU00 JopUn S1einByY ajeAud Aq pewnoul ese 51500 Epdes

‘Ho-doup 21ignd Buo puE ‘ApjBam STEUBIBL ¥| 1BNCO 0f MAK> INGNd UOIBd-BUD B JEACD
SISCO WPO JEak aseq oy Joye pesn pue gp!o:cuvrﬂus__oiwa.c!aoﬁﬂ-t_waco
au aI0jaq peseLpand sleLieq pue SHong dwnp oM epnxe pue sug BuipAoal 00G 'y 19ACO SS90 Euder)

{s1500 [audeo EUCIPPE pUE LORKE00 BPISQIND KO} USYDES JO SI900 PO SINOU BRoey)) “Bussacosd
Egggﬂgﬂmagsgggg.gz&w—gﬁzz

51800 WO “weiboid uoroalioo Buippng eoyjo sIl pue sals yo-doip 5,4UNcY Bl J0j SUIG OF PUB 'SYIDHO)
oM} Jajfel SUO O SUO ‘SYING HO-I0J OM} 'SUBA BGNT) GM) “SIBPEO] PUB-IUCY BBIL BPNIUL 51500 feuden)

‘Jo-dap
a1gnd auo pue “fyuow siededsmeu 10ey0o of M JgNd Losied-BaILD B JBA0D SISKO IWFD "o Jesoed
PAIEUOP SUC BPNPXE Ing ‘sieddoy u:l::«?ﬁmﬁ@wﬂou_ pUe ‘aebye oespAly BU0 ‘SWBS] EIEW PUE JOGUIN

"IBUIRLOT JJOHOL LL “oNnd Jjo-|lar auo oo yiw peseys) song dwnp & epnpu 51500 mde)

gvs'iel
000691

£2r'95

006102

SPe'651

00g'L

oao'oLL

o'y

S//ES
YN

Li'g

569081

FLLY

w@r'

VM ‘opiveg
VO ‘cospusiy ueg

IH ‘SauapIAcid

HO ‘pusiiod

Vvd mydepeyy

HN ‘yBnosoqiaed

Vd ‘spnpag

N HemoN
N ‘epasedey

M ‘sosuopn

ON
0D Binqueppen

N g upoour

uopdposed

(‘wod)} saiqeidphoay Bupoenod 104 s1500 WRO pue |eyde) sopjunwwIo)

v'8 e|qel

peswg
spjoy

-asnoy

oBwuuo)
renuuy

Apunwwon




OIS J10-00ID 53 W msem pued 10 UOR 255'| PUY SEqUAIRI 10 0K 1§ 8930 PU 08103 01 S1803 IO U w01 Jed |03 Paunow AxD ay) ()
ﬁ:i:n_;iius:oisiﬁ.s!sma.ziii:siEgggigﬁﬁgiﬁa!.g?&an=5§!§?§§£2§.&8!§§:§a
.isﬂs_:i_-!s-svﬁasg!;ag,agiﬁsiasz_sisﬂﬁazaiﬁa&e!f!a.a!os_!.e
._.-.SEEB._.:__E!S.u-_aﬁ_.._o-sae-géiﬁgﬁsgiggsgug!_gig%ggée!.a&ﬂao.—?_

“Apjoom
sfeuetBW xis dn Bunioud sme.0 o¥qnd VoS1ed-8L0 JAR0O $1300 WD) .@!ﬂ»ﬁmﬂ;!&gbg
NI 9 pue SIBUIIUCO 001 BPNIKS ING KIBURIUCD Zp| PUB SUKq 90€'8} 1000 Q900 ude] o)t

B L e
‘@sn Juacsed o2 1e 1eyokd e ong Bugodoal B epnpxs 1ng SIBURBIU0D UOGIBR02 OO 'S OPNDUI SISCO leuded eb2'5le

.?ﬁgggﬁsﬂgngﬂggﬁoeﬂﬁsg. T ) 0-doup wosduou
gEEEB:B:_gawB.“‘NOams_ﬂiggsvs.ﬂc_ﬁcu_guﬁﬂu_»oe?
0} pesn 3| weaboxd o o) Joud noq song Jooed ¥ “UWMOL ey AQ paunow Jou afe 5150 Eden of

8uo pUB ‘mauo oignd uossad-eaiy B LM usaNoj ! ot
M SeLIapRLL O Ut B JA0O 1900 WO
ey Jeye Jfinog E§§§§§o§E§8§ﬁ§a5§§oﬁ§!§g PEE'09S

“Apjoaw sfer XIs dnt xoud 180y Smauo
agnd uosied-saiy) 16A02 51500 WO wesBard Bugofoau 5,40 ey %&r’u&&gﬁﬁe
B.Eoo.on_o—u&:ggggsﬁ_gwm.goﬂnosﬁ_muoa:gv&mﬁ_ ong
Q%EESoEwns.SnGSxSB_,_Qﬁ.s.omﬂ:oguiagusg_mﬁﬁsﬁsgo 0e5'co

. "LROq S0 UCYZ 1§ paunou

Aunog sy ‘s1s00 Bussacoxd oy patesedes aq Jouues S1S09 UOGIAROD) "SUONELS JBJSURL) U PUE Jypue

a::oozﬁvﬂmoo_mﬁcoou&ﬁoegmﬂaoﬂu_agorug JONDD SIS00 WSO BY] “Jopes
39533.33:3&5@28?_3523303 UNOD S AQ paunow ese S1500 Edeo oN  of

oy

14
‘yoseq wneg 1sep

HO "uur) 1sop
HO ‘msuoyedupy,

N
‘diysumoy Jeddn

QN g suione)

v¥O
‘Ajunoy swouog

uopdjaseqg -a_ L.%w:
Inde)

("luo2) sejqe|shaey Bujioenon 10; sison W20 pue jeyde) sapjunwiwo)

v'a eiqer

Aunwwon




Aoy ABojouyoe-LUNIPoL BU T8 Psn o2 SIapuud pue "SIpIGY 'SI00T "SIEY PRy S' Yons Juowdinbo

Joyio pue wouom 8AY ‘sioddoy Buidung-jes om ..m:ﬂ_m_._u pue J :ﬂm.s::_u ue 'Jopedas opeubew

e ‘1eysnio ssei6 B 'Sioppeuys om] ‘siafeq saiy ey ) B Jeoqoq B '(Dd)) buping uy "sjs00 WRO
_o_ﬂ_,%oo:ﬂ_d:_.mﬁm._ws_ﬁ_:aé_ma_o_:secs Eﬁmﬁ 38:53@332 mmum%% acsoocsmzo:

of (8} o8 € NW uedsai) i)
‘says jjo-doup yBnong suoy 596' | Buisseonsd pue Bugoenoo Joy s1500 WRO Wi ok 1ed 201§ Jroul pip Juno)
8yl "e{GEIIBAR JOU ST are SISCO RO PuE [endes 1iales eeaud ey Aq Auewiud pesseoid e seqepioed  of WN WN VM ‘Aunog Bupy
‘Buisseocud pedioiunw
18ACS 81500 WRO .bﬁwkwaﬁcaz_ ABotouypel-wnipeiw eyl Je pesn Bupiing oL jo Bugepoluss pue Jeysruo
sseib & ueppaiys € ‘lefeq preoqpUED € 4pECINNIS B ‘YipHia) ¥ “efeq Jul B Jan00 51800 BIde)  2a9'v6S €8s Zx IM ‘esowjuuey
“ssossaocud eyeaud o) pred ey Joequoo
B JOACD SISO WO %28 Oc o.m...s_ pred Joiesado Aupoe) perequoo ay| -Aipoey Buisseoaud auy jo 1s0o [ejol
alp jo %8| Auo oseides pue — bul _mgﬁheuo%gieaezg.w_m_ue,noz_isuléﬁ .
Boouyoa wripaw pajessdo Aeteaud sy 1oy peseyoind A4unod sy ey juewdinbe Auo jeaco sisco rded  LSErS 19¢ 190°LE NN ‘Aiunos moyeq
o “Jouao Busseocoxd
So_ostn-E:on. 8L 1B pasn aJe fEds Yoni) B pue 'safeos [ anoj ‘syippoy eany leren e pue
UoY OM) ‘SWANSAS JOABALOD OML “JBPPAIYS B ‘SI6[Bq BGA{| "RS00 WEQ Pue __M..ms sinou Bﬁ&ﬂﬂu TR P} of 200't ON ‘wiqienion
“Aypor; redouniu ABojouyoer-wmpeiw ey 1e Buissaood Jeaco
51500 WRO "soualsixe suweiboxd ey o1 Joud peseyaind yong aulj & pue (peseal e UDIUM) ueq UeHorD
PAUIGAUCT & pue 'soxoq jajed 18 JoAanuoo Buios e apnipxe Ing 13104 WELD B PUR JSIOY 910640 e yoel
leueq e ‘syond jejed om ‘dures Bupeo| € ‘suiq eBesois al ‘Jejeq B ek Sixe-np B 1an00 SIS00 e Seg'sl$ s oz IN ‘weyuicpmog
‘dncuB yosduou B oy pred 86y PEGUOO B JAACD SIS00 PO Alpoe) emeaud
-LUNIPALL BUY 1B pasn are syon AIn om pue _§m.§§§u.ﬂﬂ_§§
B 19pE0] PUS-1U0Y B 'SYIPH0) OM) ‘BfES YONA B 168 Y J0I0S BIEAUd Ol Aq PAIeADO ale isco exde)  of (o) o o'y 09 ‘spinog
Joded B podd E@ﬁ.ﬂ ‘A nb
pexiw pue smeu BunesJew Joj B8] B JGA0O SI1SCO RO “eay I ase Aoy aleum ‘Agoe Aunod
ABOjoLIREI-UNIPALL B 0} UEHE] Al seuajew paibulueg Ecciﬂra Buisseoaid ou sumo diysumoy eyl 0f ol aa9’l M ‘diysumoy ujpeg
.a_.%%%_uo:!m!u_awﬁoo Burssaoosd ‘WO Lt ucy 10d
£9% A e 1500 Buisseoosd pue uogoego) “Augoe] Iy ABotouyoal-wnipeiu ey) 8 pesn (xee aseq ey
ey pesn pLe pasewpnd) waisAs 104aAU0O 100J-OF B BPNPXe g JoAsauod s5eib & pue Jaeredas wnuiwne
ue '(siciequod eeaud Aq Joj pred o BUpnioul) SO oy JO[eq [RIUOZUOY B J8ACO 51800 [ide)  ZeE'0ved YN 181 v ‘Aapnjreg
101083 areAud By Aq peundul ae 51800 WO pue [ades Bussecald 08 ot 0L X1 ‘upeny
() (e)
uopduaseq ($ 066L) 1509 afisuuo] Ajjunwwon
1800 N%0 jenuuy
jade) uo] Wd

so|qe|ohdou Buissedsoid 10} S1S0) WPRO pue |eyded

S'8 elqel

SauUNUIWoD




wewdnbe

Jouzeg skopduse yoim ‘warsks Burssecad ABoouULDE-UBlY SU 18 TI%00 Bursseccsd e uouamseyl  of (6) o8 ' 14 ‘souspirosg
. ‘A0 otg wn says yo-dap
oM sumo (ease Aunoo-qnw e Buwaes) oxeyy ‘51500 W20 pue jendes jje sinour Quewud Jopes epaud oyl g ot S69°081 HO ‘puepiog
‘saossaoosd
ABotouyoai-wnpew ey o) pred sy 1egU0D 8L JBA00 SO0 WRD "SISO fEIde) e Jnow siosseocd aeAld o S 89€'sp vd ‘eridepenyy
‘S|9E|RAR JOU BJE SUOIE 500 Buiss mmeaoa?aEu UMO| exq) Of pessayap sieusiety jo Gusssenoxd
PUE UOIDBIINO S0 SISCO WO Ui iy PALNOLY UMD BY] “MES PUEq PATRUOP B 8pNioxe Ing ‘Mes
doyo e pue “Joieinue.b Jseld pesn e SRALYIPUO; @ 10ABALIOO B *SUB1BG SHOISUMOP OM JGACO K300 mdes py'eeg YN 141N} HN “yBnoloqimey
“Bursseoasd pdowumu .
ABojouyoal-mol JeA0o s1S00 RO Bupgng Buip/oss e pue Jaysnio ued e “1odenuco & Jarco Ssco ruden  zgg'ics ol ] vd ‘eprmpng
S1SC0 W90 pue fideo (| sinoul Jot00s eAd oY) o o o £28'9 PN mmon
“dnaib wosduou SUp o pred agy 10ugUOS B J0A00
SISCOWPO s0s38004d persrauoS Aboroutper-wnpeur sy Aq Ing A e1g Aq peunou jou e sisoo fdeny  of o L1192 N ‘omrincey
“Bursseod
Fedirunt ABORULEI-MO] JAM00 SO RO "sieddovy Budwnp o1 pue s1eEq om Mo 51500 Euden 909'91% Sv$ w08 M ‘eosuopy
“SIQB{RRAR JOU ase oy
1€ pagooyoo soiqepioar ang%o&s_fasgwﬁtoﬁacawgnﬁg uo} sad s,4unon
(st 01.9'1) s}jo-doup o 1e pue epISGIN 18 PatoeRoo gﬁiﬁu?g
eqeAl ﬁﬁbﬁho&ﬂaﬁmﬂ_&azgm oo NSO .._oowmom.%gg&giuogg
paumo i PHO) OM PUR ‘SIBPBO| JBEIS PIyS BeuL 'S.10, L0 BaAp ‘sieddoy ‘siefeq spnpxe
Aoy (oqeeAR 10U 51 16AD0 SjSC0 6saj eBauucy aRlyUY B pUE SIoMEG EoRen 0M JOACO fsooENded opi'got ;3 01981 ON “0D Bamquepooy
‘SieyewW G ARoauip paseasep ame spuaew auojaq Buisseacud
[BLUILIL J8A0D 81500 (W30 “Jo-daup ey & pesn Jopediucs 0seid B pUR S160/8Q POSH OM] JGACO SIS0 Exded  ooo'sis . ] o't "N Wed ujooun
“s0sseoaxd .
9?59:2:30&83:33%28023 .5083@2&333355&»83&3 o s1$ e IN uoun
“Apoe) Buissaooxd 5%..5&3 steaud eug e
uoﬁ-ﬁ(ﬁﬂ-&o% uﬁca“om.mmm 009 ana_sscﬂ.“ dd® jeq .5?!..___8 e ﬁ“ﬁﬂu Sseb v ‘iepq ﬁ“..md%m!ﬁm
.Ewn@udsoma.gco%:.e_eﬂcmg_ 13secoxd .
o£.3.§a£m>_aau.n&m2§=8w§3£§§8 .m_uoo_auuﬂocuggb_obﬁ 0% VN orre V1 "nehujry
uopduosag (s 0661) 1809 eBeuuoy Aunwwioy
180D N%0 fenuuy
rEyden uo| wq

("1u02) se|qejahoey Buissedosyq 10 §$1S00 W7PO pue |eyde) ,sejlunwwosn

S'g eiqel




"LGG1 L pousdo | meu Sy UM UGLE |2 DU ApnE uot ind 26g mnow eng ey (B

10 Feek 058G oyl st uol sed 924 peLNIU) AUN0?) YoReR W, 0 ApoyrTy EFM DIOS 8] () Burssadoid 1oy uo) sed 64 NOGE PAUNIW SIOINQUIAT 13H ()

‘85 Jjo-doIp I & BISEM PIEA PUB SOIEA0) 55800IH PUE 190100 O S1500 AP0 U1 UL B |54 paunaw A ey ) w0l Jod $01.§ N2 Auno) uasnoy (8}
‘Bursessaud Joj uo) 16d G4 peunow Aunog Aew edes (i) "SGEYEABUN B YDIyM. ‘1500 Syl Snow Bugskoet] 2w (p}

‘6961 U ol Jod 0eg Aevewixasdde peunou) isjue) Buissenig esuewy siaey ey (u} 'uo) sed /g8 paLnout apk-003 ()

‘SRUIB JO BEE LWOK BNUBARI BPNIOXe

aJojeiayl pue 51500 scub uesasdal *() yBnoyt (3} sezou 1 pevoder esol Bupniau; 'S1E07) 18A0D T80 BESL) 1BY] PEsEEOnId sleuuos fenuur oyl AQ papINp ADNIS |0 R 9SG By) L) PAUNIU §1S0O RO Menuie eDne parjas 51500 WO Lol Jed (Q)
“Anpe) Busseaoid eyl so AJunwieod ey Jeune AQ Pessednd S[RUSTEW 0 LINOWE 810 B LBTAITA QUESSo0U 10U 0D PUE 7R84 8FRQ BYl U1 1A 1500 6y [BYy1 Pessaocid sleuuo} enuve sl tuesasdas sroqe U edsuun) (e}

oy

‘Aoe) ABojouyoar-unipaul el Ie pasn axe UBD WNUWNE oM PUE '$18q JOABALIOD Al "6[EDS
e ‘'sbuipping om_ wiLsul ‘siexeseig ssejb el ‘syoel 1aed oM ‘siefeq [eogiea sailg Jaseir dwel B ‘Jusliyoene
gjddeil e 'sEaqoq oM JUBLRPENE J6daoms B Yy ¥ SIS0 WO pue lepdes s sino Qunop eyt b ) o 9252 T4 “yoseq wied 18ep

51500 Bunsodwios sgt woy pejeredes 6q Jouves SISO WTO SAND Buy] 1eyew
Qgﬂggﬂﬁwkﬂocgmaﬂm_ﬁﬂ:ggg .onz._oww@omgxonaotusﬁonw%:uxw _
Inq ‘(sexoq daip oMl pue (asn Uaaied (2) 4epeo| pus-uay B) ous Jo-dop aup Jo B0 Jen0o Sisoo [ade) 0es'siS 0 wN 1S HO ‘W] Isep

'§1500 WRO INoW Aunod eyl -Aunoy ey Aq Joj pred asem Loym ‘sejes
€ pUe ‘9{ens B HOru) IpHo; pesn  ‘sfeq € 8pnioxe INg Jaysnuo sSelb B pue Jaysnio UBD B JBACO SIS00 A 008'r$ WN 69¢'] HO ‘mweuoyedep

ey jo 0ay Anoey .
Aunoy ABopuyoel-Wnpew o) 1e STeuBlEW Sdi drjsumo) Byl 'SIS00 WEO PUE Edes sinow Aunco syl o ( ot 1252 PN ‘diysumo seddn

.uSan&@gmm gﬁﬁ.a_.a::oog
-ybiy mau e o1 sejgepAoal S| SIBAIBP MOU At B8y .anwmﬂao- SuUeD pue w-mul_w onseid Buyney oy
Auedwoo eeAud € 0} pled 506) 6U) J6A0O JBBA B5BQ B1j) Ul 81500 R0 51500 [EIdED SIroul Jopes apaud oyl 0f Gt 1774 an g swoye]

‘SigeNeAR Jou e suofe s1s0o Buissesosd seys yo-dosp si 1. palancoal sayqerAoel $sea0.d
PUe 8100 &y UoyZ 1§ Jueds Aunos) “SuaUa0 yoeq-Angyo-daip Juepusdaepul OM] PUB '8oWIas ¥oeq-ANq/jo
-deup oyigow mm.ﬂmacmo po-dosp Aunos om eyl YBnoay percegoo [Buatelw e sseocud o dnaiB woiduou

PalIRIUOS B AQ POsN aJe 18feq B PUE ‘SEEss oM 'YIPHOL B JBYISUep v "NIS00 [BIdED snoul Jaes eeAud eyl of vN £907 ¥2 ‘“AQjunog swouosg
‘swesBoid uoheEss JOJSURL) PUB BPISQUND 10) Lo/ P4 paunoul A1) sy Buisseoard pue uogoaloo )
JI0g JBA00 LUM Ut YOIYM ‘S88) IJ2QU0D L] JBACO SISO0 PO SISCo Edes Jnoul seuedwoo papenucoom| 0 (W VN G/ 2'eS YA ‘onives
"}S00 RO PUB [Rides |2 sinout Jo0es ereaud eyl 0f o3 WN VO ‘cospoues g
uonduosaq (s 0661) 1809 eBeuuo) Ajunwwoy
sis0D N2O fenuuy
mdeD uoj md

("'luod) saiqedhsey Buissedold 10) S1S0D WRO pue jeyded ,SoplUNWIOD
$'8 eiqelL




“S6YIS Jjo-daup fedioun
mﬁsgﬁmﬁo&._ "AON yBnang Anr Apeam sman uosiad-ouo Aq episqino 1. ysruq pue
sBusddip sseif S8AO! JO SUCK 2/E )0 UOKDBHOD By JBACO SISCO WO - iaded 00/'¢ Jeroo sis00 EIdeD  oo'ed T (a) 2062 3N ‘upooun

PUNQ-2864 Apjoam S1eune)uco
ur1o ‘papung ‘pebbeq seeq seugsuyy ‘ysruq ‘sBuiddio sseiB ‘senes) eijoo o1 smop u0s1ad-00ag pegoRIUOD

18A00 SIS00 DO "SHONA JOPRDUID 9B SUMO ieney ey .a_ozk_vm_.-g_ocwaauoo_s_&o ot ) ¢ 00522 12T ¥ ‘ssdnn
.na%&ta_uaumussh_sm_sﬂsgxsassnu8:¢o¥a_£q88.§2§oo£ o8 ;3 'L NI usoses) i
Jo1es ayeaud ai Aq paunou) s 000°002 W apISQIND 18 DEOeo
SISEM pUBA 10 SIS00) .b::ooiutwnchs.ﬂaoagw Jo-daup snouea yBnaig paoeyjoo seeg .
SBUISUYG JO SUGY00Z PUE 61SEM DIBA JO SUOL EZE'| JBACO IS0 RO "S1s00 feuden snoutou pp Aunop ey V2 N €202 YM ‘Qunog Bupy

‘Poung
. Ewmna;uoosu:uﬁan"b:omguo.ﬁg@a?ccﬁ IS BUL Ut SELUR BOLRY) Of OM] PEIGHOD GIR SEAES|
PUnQ-read Apuot papegod ame ejsem POOM DiR2 USFUE “BiSEeM DOOM PUE ‘YSruq ‘SBAES| €500 JO pand

9§§:§§8£m8:w0 .ﬂsgt.gopuoBEQanﬁa_o:_ﬂuS!. ZiLes 09t o6 €01 M ‘es0wuuey
aa&essss_au&?nsﬂ:niﬁ_zoa%ﬂ.nﬁt SISO0 WRO 40 Feded Jnow Jou seop Aunos o 0% 0000, 190'1 NN ‘AunoD moxeq
.wsamﬂsmfo%u;uxgoguogw_ig "§1509 feydes ou paunow Au) eyl of oS wN I¥ ON ‘siqunton

"RI00 LOFISHCO OU PELNOU UMO | &y]
..__Ea_:;ﬁnﬁu%u&%tucﬁmeﬁf.mﬁmsiouﬁaesgho;.533883:_ o ot 088 gl IN ‘weyuiopmog

‘poued yoem-aau B Jor0
néoﬂﬂmgﬁggwbﬁﬂaﬂagndrogmﬁ:3 %ESS
Joeg as Sscgorquco prad Ay SJ«.@ U "SkpepEAR JOU aXe Somp puR 1500 B80UM .
$ong dwnp ey pue {aun eup Jo weasad Xs ke yoq $IPNA 02 PUE 2160801 PUB-IY MO} JOACO N300 FdED  000TLIS  (0) pog 00'sE 02 00 ‘sepynog

"dooos fepeds e ywm Buuds U sanee| 6300] Buioanad amars wossed-ven] pue
.vcéaoxfoo;wumnam:ﬂ; Euggx%ug_vﬂﬂaucg sma oggnd uossed-om

19A0 51800 WO .%233%?&3!533&2&;8&@%:3?838%8 0ct'0c 8 006’ ;>0 N ‘diysumoy ujpeg
"}oom Jeigo Liewe sUED 10 sfieq
532ma..sﬁ._cou:w5:3.&5&%3&6?3.%8»;»50335&3&:228%8: .
,Bn.ﬁs.ocu:maoss.:E?aﬁsgr_fsiausaﬁiss._ﬁ.ﬁsa_ﬁs v o i ] o9z 005 VO ‘fepnpeg
'28(]-AON gﬁﬁn&?g%snﬁusﬂacﬁggﬁaza “Heom uend
uiﬁuoos.mm».xou%@vsuﬂg&.sef883633.8831_2«8:5%8318 YN ¥ 000'0LL €} X1 ‘upsny
@ (@)
uopdposeq (s oes1) 81500  peams eBeuuo) Ajunwwon
s190) N30 sy enuuy

mde) ol sed -esnoy

o1seMm pIeA Buinoelod 1oj $180D WPO pue reuded sepjunwwog
9’8 elqey




"JeaA ey j0 1501 61 ApLOW PUE J8qOP0

ybnoiLp yosei ADIBaMIq PEOIUaS §1 DS INOS "PUNGI-TEEA ANBoM PEOIAIES S1 UOROeS ULION. "Nl
BupBol-1e6) pue smaLo uosed-auo Butsn ysniq "studdio sseib ‘seape] pazUBUEIUCO Jo .ﬂxch
‘pabBeq 106100 SIOIBAUCD BjBAud OM] '589] IDBQUCD JBA00 SISCO WB0 'SIS00 Endeo ou simow Aup eyl

"066 4 Ui Sean seuRsuy) diyd pue pajod
1 1500 (RO 510 64 S48A00 aInby ua 16d GBS “ASEM PIRA J0) BOMIES BPISGING BABY 10U 380D AUD Byl

-wiesboud Bugsodwiod ou Sey BoUsPINGld  --

(aoiJas UOIDAYI0D B1SEM PIRA Jayo Sisiney swos AuQ) "SIS00 WRO Pue Etes siroul loes epeaud ey

‘BIgENBAR JOU 8J8 SI1S00 WRO 'S0l SBWISLLY) 109100 Os[e
pue Jeqwaoa(] ybnaLl 1equIsAcN SpooLpoqyBiau Jnoj Ul BoUO SBABS| 1602 SMAL oyqnd uosiad-oAly o -eauy|
-seqagoe Jueuniedaq] sieans snouea pue Bugsodiuco 1o} pasn ale song 1010200 B PUR "SI0 BV

0l 's1apeo obie| O “SJ0(I20N PUE JODEL XIS "SIGPEOE JE6| LUNMOBA OM 1NG ‘BIqEHEAR J0U IR S1S00 reude)

‘paLLNG BIE PooMm pue ysrug weibioud Bugsodiuco ou sey ybnogialed -

§ISEq [[E0-U0 UB U0 ALUOW ySruq pue '1aquuisaoN ybnoig Jeqoog e woy Apjpam sxong dwnp pue
SWNMoEA LYIM SOAES] 108]I02 O] SION0M JQNG BAY Cf BAILA JBATY S1S00 WSO "OIJENBAB JOU BJE 51500 {euden

‘Pepasy S poAeS G
spjoyesnoy Iy Asenuer yBnang JaqoQ woy Apoom apisqIno 1B SO0 SBURSUYD pUB Ysniq ‘sBuddio sse
‘SaAED) 108100 01 SJajNBY o1eAld sallyl LgIM $66) IOBQUCD JGADD SIS00 B0 SIS reudeo ou sunown Al eyl

-1equusveq ybnaiyg iy Apjoem eisem uepeB seyo pue sBuiddip sself pabbeq Jo LOROBIICO JO) S6BY JJeNU0D

JOAOT OS[E S1500 WO S804 SBUNSLY:) PUE 'J2oA J6d S8l BaILY USNIG PUE SBABE| 8300} 1081|00 01 malo oygnd

£ JBACO 91500 WRO) SIoRnuos ayeaud ey Aq pesn wawdinbe pue (g/ 6| pseseyaind) asn Juaosed ma_w
2UadoaMS LNNDEA OM] BPNIOXS INq 'SIAPE0| 88| OMI PUE 's4eddiyd ST Inoy JapecT 'O T B JeA00 SIS00 (@)

.?s_umxﬁﬁwm%_ 1600190 way Apeom
SBAEE| 109(100 0] PUR “JSqUISAON O] dy Apjaem ysruq pue sBuidd ssrib pol 109100 0 smau gnd
cab%ocoh?aoﬂmooiwogoghgn&wonsvxmgﬂ.éﬁmﬁ bﬁoim wuﬁ%&m§8£§3§

‘SigefEAR JOU BJE U500 WHQ ING “JUpLE| SU) Je BISEM pek 10} ayis yo-dosp e sayesado uno eyl
‘wieiboud BuipAdel aL LM pareys SIUDIUM HoTLl BAIES BoURUBILEELL B JO wesiad o5 Joa0o SiS00 [ende)

“a1s Yo-daup mqnd Byl 18 PEYBIOD SBM EASem prek
hoEmo._..&Mv xo:aaﬁﬁmﬂﬂo-aegaﬁ_ivgww%%n gmgaﬂmnowoﬂ “JOQUIBAOHN pUe
"Jaqoiogy 'ABy 'udy L1 Lpuow Jod sawn oam) Jsee) 18 sBuddip sseifi pue seaeo| palibeq 100400 a) smesd Q1D

UOsIaG-OM] 18A00 SISO RO .959.32:8.3883EaEsﬁuﬁaaggo!..gooﬂuoo_ﬂﬁao

(1) go% S08'P6

VN 000'Sy

oL W¥N

oo'er2s (W) 48 os5've

Fi: 06t

¥N YN

s (B)

VM ‘opieeg

YO ‘00spUNL NG
It ‘sauepiacsd

HO ‘puspiod

vd ‘erydeperiyd

HN ‘yBnoioqined

vd ‘asmiRg

PN Opmmen

i ‘omasedeN

M ‘sosuopy

ON 0D Banquepioeiy

N “Med uooun

uopdyoseq

%) peARS
W20  spiy
uoj g -@sNOH

(‘Ju02) eisem piea Bupoe)od ol §1§0D WRO pue jeydes .Sopunwiio)

9’8 9iqel

eBeuvo]

Aunwwo)




'SU01 SY'01 POIOORD [EI0USD) PUB UK 159.'9€ POIoeI00 [#S008I() ST} "SUOYE LONINYD 10} UOVIE 958 PROCIC] FRASUSD) PUB 0861 U1 siTem [UBA ISOCIOD PUR 1DBYC OF OLEZ ¥as (w0 ‘s pred Ay sy )
'HORISY 03 S8 SALIULED J0) UCK Jod (214 PUB LIORCS sesem prek BUB BSNjal Jo] Lol 36d L1 1S J0 eRAINbY syl prod 51 Jerey awaud oy ) Kewpedes UOLPES PUR LOFIS AXD Sy HECH U0 YEniq pUE Je] ()
S J0-00X) o) 7 Pe1oegoD A SUOL GO JI0 ST ‘IDIOBENOY 2//°7 WOL] SPIIGIND I PELINNOD Siem atsem pusk Jo SO1 2y°4 (8)

Uovsed | 1§ aDeienE U ARD GU 1900 S8 FEURSLALD) PU @15RM Pk X0 UORINOD Jo-d0i) {996'L18) U0 Jed 268 A1) Bl 150D LODeYOO eisem PrRA epISQINg ()

"wesBoid eps e 1opd sl AQ pases eaem SDIOYIENOY 000'Z {8)

1800 provesncy J6d B UO paseq £ 6e) toeuon {p)

: Bunsodwos o 1802 sepnisu ()

“18A00 SISOD [BIUUE 05841 LR Paioetoo 90RULOL ENLUE eyl AQ Pepp KOs 10 eod 2520 eyl W PAUNoW SIS92 [BnuUE SDBJBAR DA)O! RS0 W0 U0 e (g}
ﬂau..oonqtoﬁs3E§i§£:§§§8u.a.3»8_.88gfgiggatggﬂgigig!oiiz.o?s._.?_

ooy

SqEuBrY N = YN aqenddy 1op = -

£

Jopeduiod saap INg ‘aiqBERAR 10U are 51900 B YN i 9 >4 > 0 T 74 ‘yoweg wied 18y
{aprsqino yBnong sua p Ao 1nq) Jo-doup pue epEqino YBNANE DBG1 Ul PEIDBICO GIGM SUK 295 | ‘FICK

up .._m_:mg95&u3a:u93a!a3§€30&.8§3§§82¢0!!§8§ ey o o we's 14 HO “Wup] i1sep
Jequace(]
u.._ﬁ._BEo.aoz?tggg-wgﬂoﬁ.sgﬁugszﬁgggal

NQ UOISHI00 SILR JBA00 SIS00 RO "8sn )l g1epnyg B pue YONG Jepeol jee| B Jeac SIsoo @ideD  oer'sld S¥e BYS'E = HO ‘meuoyedup

‘ysruq
obue diye J0BH00 SMBID U0SIa0-0M | "10QUISOa(] PUE JSGUUBAON Ul I8 S8ARD]| 65007 "JGQUBAON
o ncth.Mxoo!ocgm!Sm_._.._o ‘ysnuq "aysem poom 'sBuiddys n%hd&igg

O SMaI0 olgNd LOSIEC-0M] JBADD 51500 R0 E%ugagggggnﬁoo’ £90'vas ort o5a'e 88 N ‘diysumo) seddn

i
O W SBABS] 8300 1001100 Of SMaL uossed-aay pue (0gg) euny Bunsms) punat-seef Apieom sean seunsg)
oﬁ.«?l&ﬂnmwﬁa.mgu&aﬂaggsnﬁbi uosIad-eallg JeA00 S1900 PO "$9X0q UK
§201 PIRA-OIINO-G| M) PUE ‘SUINNJBA J26| BAY ‘95N 1US01d 0|, 18 SO Joedwod aaiy Jenco SIS0 e oes'ees <71 3 0oLy 02t aN Wed swoye)

0665 Ul AUNog) By Ul pelsodIco Sem asem pask (0 SUGYLO00'Z ISOWNY 0661
UI B1SBM paEA PUE POOM JO SUC) £5 DEROBKCO PUE SPIOYSSNOY 002" | PariBs 1| ‘0661 1eS Ul LRIBaX] LRS00 .
swm;nahﬁuﬁuiauﬁmmﬂsomgsgoﬁ 51900 RO J0 AIded iUl Jou seop AUNoo oyl b o oozt €8 V2 ‘Awned swiouog

uocpduoseq (s oest) 180  peaeg eBwuuoi Kjunwwos
sjs0) N30 oy nuuy
wde) ucLied -esnoy

("u02) eisem piea Bupoe||0D 10} $1809 WIO pue jBldeD SepUNWWIOD)
9°¢ ojqel




-Kasgs sebreyo Kioye, dwnig xQ ey “seys BunsodwooBuddiys eleaud sany o .._mEm:vcw {afueyo
ou Je Ayt Iunw suo pue A/ L'ES 1B a___cu Auncn euo) seniory Bugsodwoo (B30} om o) sbuddip 9seib

pue seaed; sBuuq ybnosog eyl “Aoe; burs Aunon ABojouyoe]-wnpel eyl 1e sisem puei Joj see) Buiddn
16AG) SI1S00 WRO 'Seal Sewlsuys 10) Auo pesn Mmou 'ysniq Joj 2961 Ut peseyand sieddiyo om] Jenco 51300 reudes)

-epsem pak jo Buwm
Apyoem pue 'Buimoipum ‘Supuub Mu%:a JapuuB qmy ¥ jO [elUad 18A0 51S00 “.._wo ‘Rin oY) Aq peresado pue paumo
s) aus ABojouyoel-wnipaw 8yj - 1Yo B puE (a1 ey Jo (ueoiad O Pesn) JBPBO| PUS-IUDY B JOACT SIS0 Riide)

‘pOULIOjes pue ‘peloiuow
aimesadwal ' pamoipuIm Japuil qr e yim puncuB ‘ped jpeydse ue uo pepeojun S| e1Sem piek ey} “eps ABojou
-wnipew paieiedo- pue peumo-AID 1aAco 51500 WRQ “Jopeo| pus-jucy pue Jepuub gri v 16A00 51500 felde)

“10q0100 yBroy udy woy uedo i ens yo-dosq (e Jed sewn p-¢ 8jid el jo Buun)
Buisseocid ABojouLpa)-mo| JBACD S1S00 WRO "W 8yl jo1usdiad of pOsn J16pR0| pUS-JUOY| B JBACD SIS0 reuden

-seiBojouyoe; Burssaooxd Bulma
ynm sens Buysodwoo syeand anoj o) pred seey Buiddg 81 18A0 51500 WRO SIS0 fended ou smnou) AJunos) 64

‘wiey 00| B uo peexds ale episqino 1e dn payoid seaea
J|BEM YOES PSIN] PUR PAMOIPUIM S| aisem pred Jjo paddoiq -Buissesoxd %a_c_c_._E ABOjoULD8]-LUNIPELL JBAOD 81500
s__mO.EEmo.aoseB:nvamwco‘_a;onao_uco..cohmhm—mcov.om:“_c:oﬁ_n .ﬂmoo_ﬂ_awuocuot:oc;gooz._.

‘gsaocud oy 1eadas pue "epd ‘suamBalq
dwnp asn ‘108 yum sluajuoo xuw ‘sBeq Adwe siexpop, “seus Bunsodwod aisem pieA paumo-Aunoy) oA By seteledo
121 Aueduwioo eyeaud eyl 0] pred seaj PENUD Bk SISCO WRO JOZOPHORL B pUE "JOPRO| pUS-JUCY B ‘JBPEO| 166)S-DS

e “eddoy2 ysnuqean iddeg e apuub g e’

euq dwnio B ‘ueaIDs jewwon B ‘si04eauco saiy Buipnjour ‘Ajoe
Buisseooid ABojoupal-wnipal ey Joj JueLudin

I Sumo Jorededo ‘QunoD ey Aq paundul 10U 81 S1S00 reudes
-uononpoid yonw ABojouyoel-mo| Joj 8lis Jo-doup fedioiuni B S1 610Y] " SjTR|IBAR JOU 6 SIS00 NP0 pue fenden

‘ajeeAR
10U afe 51500 WPO Inq ‘(Buissacosd ABojouyoel-mo|) pejid s1150dwod oY) eieym %Ea_ ey) Je peleso S| jjo-dop
_mq_o_::Ec..hoouo.fmmvoam:o_:aooc_wuwf:n.agouunoﬁ ;QEEEuBEEwu:uuotac_ao:uw::g_.oﬁ

"UORoB}HoD
woyy peresmdes aq jouued 1502 Buisseooid asneoceq siqejear jou ase Buiddiyo ysiugq rediunw ioj 51502 W20
“1019eAUCo BlEALd B AQ peumo JepuuB qm B yim peddiyo si ysrug "sulq Bugsodwos prejoeq g1 1eAco 51500 [eude)

juow Jad eoud PalUN 82 SMOJDUIM
-a)s [ediounw ABojouyoal-wnNIpew 8yl JBA02 SISCO RO “iBLINT MOJPUIM B 8pNjoxe pue Joddiyo B JeA0D 51300 RldED

‘peIse] pue ‘pasciuow aimesedwe) ¢ PeuINn] ‘PEMOIPULM ‘POUBaIDs ‘paIaTBM
st peusiew Jepuub qry @ sesn msim_m_ poop pefofoal “Aujroe) §§¢9; ejeaud euy o} pred ee) Buiddy
ou si peIs) 1500 WRO @ BUS Jo 1Uadsed 0G PesN s xon Jeyded euo A el AQ paunoul 1oy axe SiSoo feude)

150dweos Buiusaios pue ‘yeam Jod selg 2 smol Buiwn 'Bunsel esmeiedway 'ayis Bunsodwoo-co ABojou
-ybiy [EAIDIUND B 18400 SISO WO 'SUSEIOS PUB 'JOABALOD B “JOPEOC| PUB-IUOL B ‘JOUIN MOIDUIM B JSAOY SIS0 [BliTR])

ger'614

802068

000°061$

£SiL'res

0$

28

0%

S/E$

6e2'cls

o

gsv'escs

%

142

(o) £1$
P z1$

() ge¢

el

¥N

VN

WN

e

{2) s/ 'v2s

8s$

L8e'2

20e'e

Leg'e

i

£20'2

691

LSO LE
¥N

0s2'e

8ee'2

005"

2LE')

PN YRd Utooun

3N ‘wiodun

V1 ‘ounkeye]
NN Uedsa) ¥

¥M ‘funod Bupy

1M ‘Qlowjuuay

, NI
‘fjunog moyed

ON ‘rrquintod

3N ‘weyuopmog

Q2 "sepynog

r
‘diysumo] upeg

v ‘Aeyjieg

X1 ‘upsny

uopdposeg

($ oeeL)
180D
mded

Bunsodwo 10} $150) WRO Pue [eyded seiunwod

Lgejqel

(@
809
uoj Jod
[ 17e]

(e)
sbBzuuo)
|enuuy

Ajunwwoe)




‘B|qEIRAR JOU SI
1500 Lo Jad o Inq ‘weiboid Aisagoes Buiddiyo een seunsuyg e sereiedo osfe QUNOY B PEMUIPUM W:w._wuo:oobu
S1 1 esaym * wiey AejeA louueg eu i parsodwos s eisem pre, Aluno) ey Ag paunow jou a5 1300 eYden

“Ripe 1sodwod seaois) Jepes) ABojoutioa-wn eiodo
>_Qw.>_k_ oy} o} Agsaip eysem pred siealep (1OpIACId 8oKIAS PEIORIUCO JOLIO BUy) *ﬂgﬁ.vﬁzauﬂq%
1opequoo el Aq paasyoo asem pred Joj Jossescld ABojouysal-wnipew eyeaud B o o_aa_.ru_.: anoqe sbeuua)
Aue o} UOI/ | § pUE SUDL 0O0'PE 1514 S B OF L1'G$) B8y Buiddl 6UY J6A00 S1SCO RO 'SIS00 [ENdED OU SANOLY BEES

‘pejewnse ) paysodwos efeuun ey Bunsodwoo prefyorq Joy '
vm.oun:ab_omﬁomo_s.:Baoauc.amanooEaa_oBf?ooagozdo.smoo_ﬂauoocu!u..__ HU% &

"wesBousd Busodwos ou sBY BaUBPINO.J

Uy
1ed gg¢ sebreyo yieg puepetoey 'A0/6 94 pue ¢4 ueemaq sabieyo s,Wwws) ‘sasseuisng ayeand SIUOPISES
aisem predl jdacoe jey) eare O4ow oy W mo._mm?zmonan areald oM 15e9)| 18 o sdey | .nwooﬂ,_.mw.soﬂ__u_ Eo_uﬂ

"BiQRRAR 10U 81 Yym ‘Apisem seaes; e Bunuim pue Buimoipuim
jo 1en) Jo $1500 8y} apnixe Inq sesefojdwe sauy] Jo SaleESs Byl JBACO SISCO WP() "Peleiado- pUB peumo-A1) Si
aus ADojouyoel-wnipew ey 'pasn ase JAISOdWos MOIPUIM B PUR SJEPE0| PUs-1UGY NG S{ENBAR JOU 98 SISCO [B)

0%

0$

¥N

‘e eseq eyl Buunp weibord Supsodwoo ou peY UMO] By} -

) “sired feoo) 12 sapd u) paysodep Adwis st episquno e I
Auedwoo Buideospue e o) paJeajep osje ase seaes) Bwog (Buissecosd ABojouyoa-WnPal) a0y xocnunapn___ﬂi.uv!:ﬁ:ﬂ
PUE pamoipuim ol Aoyl raym ‘Aeme sejiw Z Wiy B o) seaee| siealep yBnolog 6y "SiqRNRAR 10U 6J8 S1900 Edes

-1eddiyo pemonoq d
Oie 3861 SBUASUYD peuseuds sI 1sodwioo poysiulg “syeem Z Aieas Bunun; pue ‘iguow »_%_ 8ouo uﬁﬁw.ﬂ;um-ﬂ...._&_pm
sseib pue seaes) Jo BLmaIpuM PUR |[2-USEI0S B JO [BILAI G} JOA0O ISCI WO PaIRIado pue peumo Afedioiunw ]
els ABojouyoel-wnipeus 8y| “JEXIU-ISPPBIYS B PUE 'JBPERO| pUS-1Uoy B ‘(asn Jueaiad g) Joddiys B J0A00 SjS00 euden

‘paddiyo ase seen seugsuyo “sps ABojouyser-ybiy [edpiunw e 1 popeeu se Buuelem pue '(JBwwing
2y U1 yeem Jad eouo) pepeeu se Buiuum ‘Buuonuow asrgeiaduie) 'BumoIpuim JaADI S1S00 WRO .Aoﬂs_h:u U 9
1500} 2261 w1 yBnoq yong Japesids ¥ HpNjoxe NG JOIRE B PUR ‘JOUIN} MOIPUIM B “yong diinp B epnpw 11800 Euden

‘Poddiyo ase seoq seuysLy
“reak Jod saum ¢ pauin s yoiym ‘eqd afise| B ojul poulo) pue ‘punaiB ‘pexiw aie se| ‘aus ABojou o
-Mof pajesado- pue paumo-AlID Byl 1e 664 [Buel Jepulb qnl B JGACO SIS0O WO IO & JBACO SISO B

) _ “Aaey Qunoy ABojouypey

-WINIPOW 8L 1B PaIND PUR ‘paLLIN 'PAMOIDUIM S| S3SEM pieA oy] .wma__n_..c 10U ase 51300 WR( ofiny auesuiny
jo)|nse) B se weudinbe sny Jo 1sow peseyoind Junoo ey "Jeeh B5Rq Y] JeyE Pasn pue paseynd uoens

, __|sliwog e pue 'Japuoj Jojows] B 'SI0ABAUCD 0M) SEPMIXG ING SI8PECE |96LUM OM] DUE ‘Syong duwinp noj Jeppans

® 16pe0] Jojoen B Jopeo} 1661s B ‘s1epuub qry om] ‘iown maspuim e 1epuull gm v Song dnord B Joaco 51800 eriden

¥N

g2e'1618

ogv'cees

80£'L$

LBL'9L¥F 18

YN

LIS

£1$

1$

24

:]% 3

¥N

2i6')

006'8E

85'9

¥S0'61

900°1

SEP'L

L08'y

Ly

v¥o
‘AunoD BWoUCS

VM ‘Hleeg

VO '00spueLy Ueg
It ‘souspiroly

HO ‘pueniog

vd mydiepeiyd
HN 'UBnoioqned

vd ‘osmped

PN pemen

1 ‘epasedey

09 Baquepioen

uonduoseg

fse
e

(‘woQ) Bupisodwo 104 $150D WO pue Jended sepunWWO)

LgejqelL

180D
uol Md
N0

oBwuuo)
jenuuy

Aunwwon




68 §0-00ip 18 SeigEpaAaal 1o suot | jo Burseesnid pue LoIDeNoD sepniu] (i)
o0y di uol ed 124 v M selimyo A (o)
Uoi Jod ¥9¢ Jaioue peppe (/61 '68) 51500 vorensWRY (o)

"pred ve} i) suesasday (3)

#Apnis jo reed e58q oy) Wi paunou s1e00 FEnLuE BORIGAR eYa) SIS0 RO UG M (Q)
“Amoe) Bunsodwos Jo Awnuwwon seue K] peisoduiod KNOLTE [B10F 91 Wesaxda) {UeSse0e Jou 0p PUR Jeek BEEQ Gyl U1 JBACD SIS0D SU Byl Peisoduico slleuol jBnuue ey) Tiiesaides saoqe usal sBeuuo} (s)

‘ojoN
nEoNddy ION=—  oERRAY ON=YN  ped agno= b
Aoy
‘uo) Jed G2¢$ Inoge Auno) ey 5102 Bunsodwos R ¥
‘aBieyo Jo ooy ays Bugsodwoo AUnos) e 0] PEISAIIGP BJE SOOI SRUNSLUYY PUE S1Sem pieA 51500 ou sinoul Aup ey 0t ot Poy'zL ‘Yovey wyed 1sep
s
fediciunw ABojouydel-wnipaiu e 1e syeem g Aieae e1sem pred Buiwum pue Buimospuim pue feusiew poom Supuul
J8A00 51500 WRO “lun Jemodiepuub gm e pue 'sjuswenosdw pue) Juswdinbe Bunsodwoo Jeaco s1s0o eNdey - $65°0/% @ 1 2651 HO ‘uun1sepm
‘Buisseotud puB UOTVEYIOD 10} 1800 WO UOLSHS 11 UL pepnpul
$13s00 sIy] “leyew oueSio ey ewos Ajdde-pue) o] Jepraxds ainuvew e pejuel Apediuniu e} ‘lBed eseq e U] of N GSY HO ‘meuoyedep
‘J8ok oseq eyl u) euop
sem Bunsodwoo oN 's1s00 Aue Jnoul Jou seop Ayedpiunw ay] “sey Joj paddy are sBuiddip 53818 pue SBABET GiSEM
poom pue ysruq Joj Alunod ey Aq pebreys see) Buiddy 16400 51500 WO "auls Busodwed Aunog ABojouyoel-wnipew N
ayl e pasn topuub qnj pue ‘|le-Usesos Jepeo} pus-tuocy B epnpxe Ing (esn Juedied gL ) soddiyo B JoA00 51500 eiden  OLP'LS 213 o8 ‘diysumo) seddn
‘ofiyeyo ou je paddy pue Ao
Bugsodwos Auncy ABojounyoal-wnipew e o} uaye) ene sBuiddio sseb pue sease| peBbeg 'seaee) ey jo Butsodiwos
ABojouyde)-mo} 8L 19A00 SIS0 WRO "1eddigo poom e apnjoxe pue (esn Juedsed OZ) S0UEY B J8A0S SIS0 [Bided 00068 z$ 90zt Qn “Ved swone]
uopdjoseg ($ 0861) sis0) eBeuuo) Ajunwuwon
8180 uoj ied  |enuuy
(vyden N30

('wo0) Bunsodwo) Joj §1500 WRO pue rende) sayunwiwod
Lgoqel




Bupioey 1o seiprig 1ideg-ul, 8es 18400 91900 BYM Lo UoEULONY POIISIOp B.0W 104 "01'§ Puw 6'8 S9IG8 ) Ut popwosd
980y} Uo peseq o8 jqe) siy: ul senbiy .ou:_oxouggvcwgcﬁsg,o!%ga:.gduiihé

oy 1o = — Bussecoig =oaly  erqeimAY 10N = YN UIDEos) = goD
Axonang = gng eaueuaurepy pue Buasedn = wyo voileonp3 = onp3 UOIISINILPY = URLPY

SE6$ 0% 0F$ ' 000'0288  000'08%
”nso) qnd/onp3 ujwpy d0id B 10D Bujssssord  uopoenon Aunurwon
Arrooey Imoiqng
sjeLaEN 010}

(paupquio) Bupsodwos pue BujppAoay) sison
adueulule B Bugesado Lianodoy s[ej19)en saliunwwo’)
8’8 9j|qel




186 | Ul suuo Wea Apnoe| meu Sii uelm uol jed | 24 o) pesEeid0p S1) 10661 Ul U0 Jad 928 peunaur ‘o0 yoreg wisg jo Awouiny e1sEm piog sy ()
51800 GAITEISIUNLPE Liim papnioul e 31902 Auoqnd pue toEonp (o)
-seyqeypAom J0 SUO1 GCE’L OO0 0] 601 'E5 14 Iueds (Feadsi) LurT 1M (U)
-Buraseooxd Joj Loy Jed 0g$ Jo 350y 99045 peunoLy Aunoyy Aeyy sdeD (w)
‘Buiaseocud PUE UDIDHOD 10} 308} [ORIIUDD SPNHIU SIS0 s iy ey) ()
‘eigepEARUN 31 pUY Jojoes epead oul Aq peunou; § 1800 ey (1)
-50g'Z1g £ ueds [Eeodsi() e vepioD (N
uoyzZes seunow emg ey {1)
“suope wisBoxd Buikoes EpISqINI BY] JBAOS 81900 SSM| {w)
Buimseocsd 1o} (UOLES NOTR) COD'0B2S PUE 000'0BYS LseMIeq pALNIL Lienqui( 1Y (6)
‘Burssescud 10) s8) Bud LoKOG 1§ ¥ peunoul Auncd Binquepen (1]
51902 8,AuN0Q ey} 0} vopPe Ul (UOYGES) | LE'EET' LS PALNOW BHOLRUD j0 Aoy suj (o)
‘uOKPOLS M pue ALNOY uopnoH Aq peuna m 1903 &y (p)
saoe Bugokoas 10} serjedinmu of pred 126°ZEYS SepMoul 1800 Aseaooas seyeiew [e10) (2}
‘qEpRARUN 51 pue Buyiosy a0 kg peunau 911800 ey ()
‘ssqyanoe Buysodwod uo weds 6Je $1300 UOITENAUILIPE PUB Kysyqnd aioeonpe esey o uoiliod jews v (e)
-apNIoX@ PUT BpMi3UI 21809 1M (0 SuoNdUISep 10| 5'8 PUE ¢'8 S90E] 885 -0 uonopeunt o0y ey Ag PBLNoU) $1S00 Siuasesde) SiqRl SIUL
E
ejqeeAy ION =~ VN
Aow
St ks e S - T e O S TERE e h T SR 4 Goel) d 15AM
(W ¥N HO ‘uun] 1seMm
.. lozeils rN ‘dyusumoy seddn
R L g ;

1060%28
o oaezers

H PON0EE <2 0 DO ¥, j
A c9 1528 QOSVEVS s
<z , e e - - Ve e, - oy . PR e et
COooIgwles o 000 (4 0RO 09SRESTES kN IRIs udsepeiid
000'EL$
C0vERes
£20'000'1$

ot

A N e

|ej0qQng qndAnp3 wwpy 20id ¥ 19D Buissedold uojioe|iod pepelied Ajpunuwwo)
neq
STYY

§1507) aoUBUUIBN B Supesado Bujodaey saniunwLIo)
6'8 alqel




"S900 SABIISMIWPE JBPUN Paprjou) ese Sisod Akonagnd puw uoeonp3 fe)

"SpRIYe LR BPNIW 51500 Keym jo sualiiosep 10) /g pre gg oo.ﬂ»aoom
“NoN

Apongnd = qng Bursseoauy = souy eiqeNeAY 10N = YN

0%9—&( PN =-— uojrednp3y = onp3y uoipejion = joo UOIBIISINWDY = E.M..-ﬂ(
Aoy

o, & YEeus OO T Ueel g 1eea
] _ HO Ui e

000°5$ 68Ad

moqns  qndsonpa Hupy J0id g HoD DBujsseoold uopdeloD  peoenc)

neg
Jowp

§180) @doueudlurey ¢ Bupesado Bupsodwon S unwwon
oL'g aqe)




* Wste Preoention, Recycling,and Compostng Options: Lassonsfrom 30 ULS. Communtes

‘Aupyard pue UoIEDINPS SEPNUL UUIT IS8 J0) 103 USHBNENILDE 64) {q)
-sweiboid perosucds Apygnd yBnoay) peseacae. [EusrW (o abeULO] (€10}
oyl Aq pepwip SrEUeRW Hrqersodwod Jo eiqepAos) |0 8fes By) Wi Aunwwao Aq poaeoa enueass suesaidey (e)

‘g'g pUe ¢ 90iqE | es "Buissasesd pur LoIe|100 Budios) Joj 81800 uo) Jod 104 -passesosd efeuus] ey wos} soyip Aew

JBA0O 51900 AoRGnd/LIDIIEONEe PUB LCHEJISUIWPE ebeuuo] ey) pue ‘pessecoxd ‘pepeged efieuuo) seneoeq dn ppe| Jou Op 81500 BLIOG
-Apas ey) jo ek eseq 8y} ut 81800 Gullesedo enuue efiriene eyjer S900 LOY Jad

‘omoN

eqeiddy 10N = - Butssesoid =014 SIGEIEAY ION = YN volelter) = 60

Auoyand = qnd sousuelurey pue Guesedn = WSO uoeONp3 = aNp3 UOCHIBAISILLPY = LIIPY

hery

333

05
.
L8
o8
R SRR
o
S
L

%
as

el “yoeet] Ui 1RO

.. Ho uur sem

vo ‘avepouesy ues

()
1aN anueAey 3015 qndAnp3 ujupy soud 9 HoD Buissadcold  UCRIBIOD
AleACORY S|NLOIRN NOL [mogng

Bupsodwo? pue BujioAo3y 10} §1S00 WO UOL Jad paulquo) saglunwwod
Li'gaqel




51900 WRO SAKD ey} ul 0} pejNCSOR B¢ 51900 [Nk B98Y) ‘HEDIN

A30 o Buipsoooe ‘esneoaq POTEMOMED I8 SISU0 U 'SGEIIEABUN 818 S1S00 oty ybnoygy “uouers JeysuR) S) B BNS Buyahoas yo-doup st 10)
weuidinbe ewos asayoind pip Ao 8y Bughoas SPSQIND Joj S1500 [eRde e Jnow A¥D) Byl Ykm 10800 Jepun SseINBY BEAU (8)
11 onge L se5 "0661 AiredidA) & yonm *Apmis o MeA eseq oy 10 51800 fenuue eBaiene Poyes 1800 voj s8g

oy
=-  eolmuem pue Bueiedo = O opgepreAy 0N M(Z
Aoy

s
zI$

d Anunwwog
T T R ey T (RO e o e
(W20 pue jeyden pezjjenuuy)
1500 Bupsodwo) pue BuydAsey uoj Jad pauiquion
zi'sadqge]




administration, and education/publicity. Most
O&M costs vary with the amount of material
recovered and labor hours spent. Some O&M costs,
such as insurance fees, heating costs, and publicity
costs, remain fixed despite the volume of material
handled. Tables 8.8 through 8.10 present annual
total gross O&M costs incurred by each jurisdiction
for recycling, composting, and total materials
recovery, including the costs for publicity and
education programs and for program
administration and overhead. These tables exclude
expenditures by public agencies other than the
community documented, as well as the value of
any volunteer labor? Tables 8.4, 8.5, 8.6, 8.7, and
8.11 list per ton gross O&M costs for recycling
collection and processing and for yard waste
collection and composting, and indicate for each of
these categories what these costs include. Total
gross and net O&M costs for recycling and
composting are presented in Table 8.11.4 (Recycling
and composting costs include marketing costs, but
they should also take into account revenues from
the sale of materials. For comparative purposes we
generally use gross costs and thus exclude the effect
of higher sales prices, on average, for scrap
materials on the coasts than in the Midwest. Net
costs for these programs are often significantly
lower when revenues are factored in.}

Table 8.12 lists total materials recovery costs
(composting and recycling costs combined),
including annualized capital costs and O&M.
Capital costs typically comprise a small percentage
of total costs. Traditionally, community recycling
systems do not have large fixed investments, and,
as a result, are able to respond to near-term
changes in their operating environment {(e.g.,
changes in the amount or composition of the waste
stream, better processing technologies, more
rigorous environmental standards). As indicated
in Table 8.17, some recycling systems have recently
become more capital-intensive.

We have made every effort to use a uniform
methodology for documenting and assessing costs.
Yet, due to the difficulty in gathering reliable and
consistent cost information, the figures presented in
this chapter do have some limitations. The
observations made are not based on rigorous
statistical data. In addition, the costs documented
focus on the costs incurred by the local government
or community studied. All the costs being incurred

by all the parties involved in recycling and
composting are not necessarily reflected in the
figures presented here. (The notes at the end of
each table help clarify what costs are excluded, as
do Tables 8.4 through 8.7.) While costs incurred
by the private sector are not documented in this
report, Table 8.16 does list gross operating costs by
all the public sector parties involved in curbside
recycling activities. Private sector recovery
enterprises operate as businesses and cover their
costs through the fees they charge and the materials
revenues they receive. (If private recycling
processors or composters do not charge local,
county, or state governments for handling
materials, these operators' costs are typically being
covered by materials revenues, not by the
taxpayer.) Readers interested in undertaking their
own cost analysis should review the raw cost data
as reported in In-Depth Studies of Recycling and
Composting Programs: Designs, Costs, Results.

The Effect of Program Design on Costs

Tables 8.1 through 8.12 indicate that capital and
O&M costs vary widely from community to
community. O&M costs (excluding revenues) for
recycling range from $9 per ton in Wapakoneta to
$162 per ton in West Palm Beach. O&M costs for
yard waste collection and composting range from
$9 per ton in Berlin Township to $109 per ton in
Lafayette. The capital investment made per ton-
per-day recovered also varies widely. Newark has
invested only $1,420 for every ton-per-day it
recycles, while Fennimore has invested $104,400.
Fennimore made the lowest investment in yard
waste collection and composting equipment at
$4,800 per ton-per-day composted, while Austin
made the largest at $54,660.°

Why do reported materials recovery costs vary
so much? How can communities avoid incurring
high costs? By answering the former question, we
can also address the latter.

Evaluating the economies of community
materials recovery programs is a challenging task.
Reliable and consistent data are often lacking.
Publicly funded programs may underestimate their
costs by including large volunteer efforts or
excluding expenditures made by other public
agencies, while private operations’ data are often




Char 8.1
Gross O&M Costs Per Ton Recovered

B Other

Collection and

" Processing
O Processing

Naperville
Fennimore
Lafaystie
Austin
onros
Berkaley

B Coliection

Bouider

Notes: This chart does not include communities for which total costs were unavailable. "Other” includes administration, education, publicity, and costs
that could not be broken down into the specific categories. In a few communides, costs cannot be broken down into collection and processing.
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unavailable for public scrutiny. Collection and
processing systems vary widely from one
community to the next. Each system collects
different types and amounts of materials, requires
distinct set-out procedures, utilizes different
vehicles and crew sizes, and employs different
processing techniques. Moreover, programs differ
as to service provider. Some use public crews to
collect materials, others contract with private
haulers for collection. While there is no simple
formula for determining which system is more
advantageous, this section will examine the
relationships between different program types and
costs,

Drop-off Versus Curbside Collection

As we discussed in Chapter 5, there are two
basic strategies for collecting recyclable and
compostable materials: drop-off and curbside

collection. While curbside collection is critical to
maximizing participation and therefore recovery
levels, drop-off is cheaper. Chart 8.1 graphs gross
O&M costs per ton of material recovered. Charts
8.2a and 8.2b graph gross O&M costs for collection
and processing of recyclables and compostables,
respectively. In comprehensive curbside programs,
collection accounts for most of the total O&M costs.
The six communities whose costs in Charts 8.1 and
8.2 largely represent drop-off programs—Sonoma
County, Lincoln, Lincoln Park, Peterborough,
Wapakoneta, and West Linn—are those with very
low per ton collection costs$ While Bowdoinham
is also largely a drop-off program, its expensive
processing costs ($124 per ton) elevate the total cost
of the program. The small throughput at its
processing facility accounts for this high per ton
processing cost.

Drop-off can work as a primary collection
strategy in communities in which residents self-haul

I T T



Table 8.13
Communities’ Total Recycling Costs
(Annualized Caphtal and O&M)
Annusitzed Set-out
Capltal Cost  C&M Cost Groes Cost Revenue Net Colection
($/ton) ($1on} ($/0n) {$non) {$non) Colector Method
Saattie, WA (s} NA $56 $56 $ $56 Cantract Commingled
Bouider, CO $5 §73 $79 $0 $79 Contract Segrogated
La Crescent, MN $5 $117 23 $0 $123 Contract Sagregated
Berkeley, CA $12 $89 $102 $0 $102 Conrract Segregated
Providencs, Rl $0 $116 $116 $0 $116 Conmact Commingled
Napetville, IL $0 12 121 $0 121 Contract Segregated
Lafayette, LA $25 $100 $125 $0 E 1) Contract Sagrogaled
Newari, NJ (b} $ $147 $148 $8 $141  ContractPublic Commingled
Petarborough, NH (DO) $3 $66 $60 s $51 Public -
Bertin Township, NJ $8 $53 $61 $5 $57 Public Commingled
Perkasie, PA 59 $65 $73 $12 $61 Public Segregated/Comm
Monros, W1 $6 $97 $103 $35 $68 Public Commingled
Lincoin Park, NJ $19 $67 $86 $7 $79 Public --
Coumbla, MO s2 $84 $86 $7 $79 Public Segregated
Austin, TX $12 $108 $120 $29 $91 Public Commingled
Upper Township, NJ $3 $95 $69 $0 $99 Pubiic commingled
Lincoin, NE $1 $126 $126 $0 $126  Public/Contract Commingled
Fennimore, W1 $45 $125 $170 $23 $147 Public Segregated
Bowdoinham, ME $7 $156 $163 $13 $150 Public Comminghed
Tekoma Pari, MD $9 $144 $153 $0 $153 Pubiic Commingled
West Paim Bsach, FL $4 $162 $166 $0 $166 Public Commingled
Philadeiphia, PA $85 $158 $243 $2 $241 Public Commingted
Key: DO = Primarkty drop-ofl program  O&M = Operating & Maimenance  — = Not Applicable
Notes:
(@) Private haulars under contract with the City incur all the capial costs for curbaide recyciing. The Chty did purchase some equipment for ks drop-off recyciing she at its transter
station. ARhough thess latter costs are net availaole, net costs are calculated above because, according to City cificials their costs are acooumed tor in the City's O&M costs.
(b} The publicly run component of Newark's curbside program was more expensive, on a per ton basis, than the contracted sagment of the program.

refuse to disposal sites. In 1990 Peterborough, a
small rural New England town, recycled 42
percent of its residential waste at its drop-off site,
incurring an O&M cost of $45 per ton for collection
and processing (see Tables 84, 8.5, and 8.11).

Drop-off collection supplements curbside
collection in a number of communities. By
enabling residents and/or business establishments
to drop off their recyclable or compostable
materials throughout the week, and by accepting
materials not collected at curbside, drop-off
collection not only reduces total per ton program
costs but also can increase the overall tonnage of
material collected. In West Linn, 36 percent of the
materials recovered in 1990 were collected and
marketed through the City’s drop-off center at an
O&M cost of $31 per ton (see Tables 8.4 and 8.11).
In contrast to these costs, the City's private hauler
reports incurring $114 per ton to collect recyclable

material at curbside. Sonoma County contracts with
nonprofit and for-profit recycling companies to
operate drop-off sites at disposal facilities. In FY
1990 these contracts cost the County $12 for every
ton recycled (see Tables 8.4 and 8.11).

Philadelphia’s Block Corner Program is another
effective and inexpensive recycling system. In 1990
recyclables were collected from 10 block corner
neighborhoods at an estimated cost of $58 per ton—
one-third the cost of the City’s curbside program.
Revenues from the material sales are returned to the
community and used to fund neighborhood projects.

Service Provider: Public Versus Private

Either the public sector, the private sector, or
some combination of the two can undertake
collection and processing services for recyclables

. s cos



Chart 8.2a
Recycling Collection and Processing O&M Costs
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Chart 8.2b

Composting Collection and Processing O&M Costs

Nots: In a few communities costs cannot be broken
down into collection and processing.

B Collection and Processing
[ Processing
H Collection

and yard waste. A little
over one-third of cur 30
communities use nublic

crews to  collect
recyclables; another
third contract with
private haulers to
provide this service; and
in the remainder private
haulers provide this
service independent of
the public sector.
Arrangements for yard
waste collection service
vary similarly. Table
8.13 lists communities’
total capital and O&M
costs for recycling
organized by service
provider.

As Table 8.13
indicates, costs vary
widely for systems with
both  public and
contracted haulers.” The
net recycling costs
(including collection,
processing, administra-
tion, education, and
annualized capital costs)
of programs with
contracted collection
service range from $56
per ton in Seattle to
$125 per ton in
Lafayette® The City of
Newark, which relies
primarily on contracted
service, incurred a net
cost of $141 per ton of
material recycled.
Communities using
public collection crews
incur net total costs
ranging from $57 per
ton in Berlin Township,
New Jersey to $307 per
ton in Philadelphia.®
The two least expensive
programs (Wapakoneta

. Coss 1o |
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and Peterborough) are publicly run drop-off
programs. The least expensive curbside program is
Seattle’s, a contract system.® The next least
expensive curbside program is Berlin Township’s,
a publicly run system.

There are financial advantages and disadvan-
tages to each system. (See Table 8.14.) Commu-
nities with contracted recycling programs incur
fewer capital outlays than do communities that
provide service. By contracting out collection,

Within our 30 communities, the average crew size
per collection vehicle is 2.4 people for public
collection programs and 1.8 people for private
collection. In some cases larger crews increase
costs, but in other cases they do not. Although
labor costs do make up a large portion of O&M
costs, total labor costs depend not on the number
of crew members per vehicle but on total labor
hours required. Larger crews may get the job done
more quickly. For instance, the Naperville Area
Recycling Center switched from two- 10 three-

communities also re-

lieve themselves of the

responsibility of coor-

dinating the logistics

of collection, which

may lower their ad- Public
ministrative and over-

head costs. Yet con- Collaction Municipalities directly oontrPI the
tractors may pass on "t:r:‘;z"d@ types of materials
these costs and the

cost of their equip-

ment in the fees they

charge. As listed in

Table 8.11, many of Procassing Municipglitias inwrcostsol‘
the communities with ?.fmzﬂzg,::,i:{: L?-ﬁz::smla
the highest per ton counlies of state agencies
administrative costs provide this service.

(over $14 per ton) are

those with publicly

run systems. How- Marksting Municipalities retain direct
ever, communities control of the materials and
contrac ting out service how these are marketed.
usually do not receive Municipalities retain control of the
the revenue from ma- materials revenue.

terial sales (which may

be of greater concern

when secondary mate-

rial Prices rise). As Efficiency Municipal employees may nat
indicated in Table m:—;:ﬁf’mz}mﬁiﬁw‘ of
?rgfr’l :}i’:g‘;:i}?i;gf: Foontves may alter hs.)
rials can substantially Labor Pubic r‘i’::::s;w to be larger
lower the per ton costs ° >

of publicly run materi- Financing mipe;ii?osr :12 !:I\r; better
als recovery programs. purchase equiprne‘:t.

There is some Othar Communities may have the
difference between opportunity and ability to more fully
public and private E:?gﬁdr:c:s?;ngw::x?mm:n? gsnam
service providers in rather than having recycling as an
regard to crew size. add-on cost 10 tha system.

oo cos 1

Table 8.14
Advantages and Disadvantages of
Public and Private Service Providers

Private/Contractad

Municipalities ean control the number and types
of materials targeted through contracts.

However, if contracts are not up for renegotiation,
municipalities may not have this flexibility.

Municipalities do not need to oversee the
logistics of collection, which will reduce
administrative overhead.

Municipalities do not need to oversee the logistics
of processing, which minimizes
administrative overhead.

Municipalities often pay no costs for
delivering materials to private processing
centers. They may have to pay a Tipping
fee or they may even be paid revenue.

Municipalities may have less control over the
choice of end markets. (Contracts may
stipulate market preferances.)

Municipalities avoid the responsibility of
securing markets thus avoiding the potential
need to siore materials until markets open up.

Relying on private processors/contractors
can ease the effect of market fluctuations
on smaller communities' budget.

Private sector may provide more efficient
sarvices due 1o profit incantive.

Private crews tend to be smaller than
public crews.

Municipalities do not need 1o incur capital
costs for equipment. However, confractors
may pass these costs on in the fees they charge.

Communities can negotiate Pexibility
into their contracts.

Community-based recydling businesses
provide benefits to the community beyond
recycling collection and processing servicas.




person crews to speed curbside collection of
materials and to minimize overtime pay. The City
of Philadelphia, which has the highest reported per
ton O&M curbside collection cost in our samnple,
utilizes three crew members per vehicle. The City
asserts that reducing crew size would not increase
route efficiency. (Due to the high population
density of Philadelphia, the City claims that
recyclables are loaded more rapidly when the
driver remains on board and two additional crew
members follow behind to load materials.) The
City does agree that reducing crew size from three
to two in less dense regions, which represent
approximately 10 to 20 percent of the City, would
lower costs. In addition, the City is working to
increase the operating efficiency of its crews.

Whether collection is private or public,
municipalities have the opportunity to restructure
their overall solid waste management system by
shifting crews or vehicles from refuse collection to
materials recovery or by encouraging their
contractors to do so. Flexible contracts that allow
restructuring are more attractive than fixed
contracts, which do not allow the community to
shirt personnel and equipment to other tasks.
Perkasie, Pennsylvania and Takoma Park, Maryland
replaced their second weekly trash collection day
with recycling collection, using the same municipal
crews to collect trash and recyclables. In an effort
to encourage integration of recycling and refuse
collection, Newark has requested that its new
contracted hauler, servicing one-third of the City,
collect both refuse and recyclables.

Segregated Versus Commingled
Collection and Processing

Curbside set-out and collection methods vary
widely from community to community. (See Table
56 in Chapter 5) Communities design their set-
out and collection methods to fit existing or
planned processing systems, which in turn are
designed to meet the material specifications
stipulated by end users. Overall O&M and capital
costs depend on both collection and processing
strategies. There are trade-offs between capital
investments and operating costs, and between
collection costs and processing costs. A community
may have an expensive collection system but an
inexpensive processing system, which may translate

to an inexpensive recycling program overall, or vice
versa. For example, a collection system in which
materials are sorted en route may obviate the need
for a processing facility or may only require one
with minimal processing equipment. Expensive
equipment may reduce labor requirements and thus
operating costs. However, the higher the capital
costs, the larger the debt a community generally
has to assume.

The reject rate, which results primarily
from excessive glass breakage, at high-
technology facilities can have a direct
effect on recovery rates and costs.

The number and types of materials targeted for
collection, the type of processing system available,
market specifications for sale of the material, and
level of service desired (customer convenience),
often dictate the nature of set-out and collection.
Over one-third of the 27 communities with curbside
collection programs utilize some form of segregated
set-out, with the number of sorts varying from
three to eight.! (In this report, segregated systems
are defined as those in which residents are
requested to separate their glass from their metal
food and beverage containers.) In other programs,
residents are allowed to commingle at least some
materials, which are sorted either en route (partially
or completely) or at processing facilities.

Co-collection systems, in which source-
separated materials are collected at the same time
and with the same vehicle as refuse, may offer
communities the opportunity to reduce recycling
collection costs by eliminating the need for separate
recycling vehicles, crews, and routes. A number
of communities have tried these systems with
mixed results. (See side bar, p. 138.) A promising
type of co-collection is the "wet/dry" system—
which has demonstrated potential to achieve high
diversion rates. In wet/dry systems, dry
recyclables are segregated at set-out from wet
organic and compostable materials; these are
segregated from any remaining refuse, and all three
are collected either in the same vehicle or in
different vehicles. See Chapter 5 and Appendix E
for further discussion on wet/dry collection.

T
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Commingled

The O&M cost to collect commingled
recyclables may be less since there
are usually only two different
containers or bags to pick up, but
processing costs may be higher.
Collection costs will increase if

O&M Cost

The capital cost for collection may be
less because specialized recycling
vehicles are not needed.

Capitai Cost

Processing facilities may be more
expensive to build since more sorting
equipment may be needed.

Reject Rate Materials entering the processing

with a range of 0.5-18 percent).

Revenue Materials may be more contaminated

resuiting in a lower market value,
Labor Loss labor is required for collection.

More time is needed for crew to load
recyclabies into collection vehicle.

Table 8.15
Advantages and Disadvantages Between Commingled and Segregated
Set-Out and Collection Systems

processing center is located far away.

facility are rejected {(average 7 percent

Segregated

The O&M cost may be more due to the
slower speed of collection since there
can be many differant containers or
bags to pick up, but processing costs
tay bo lower or avoided altogether.

Capital cost for collection may be
higher it specialized recycling vehicles
or several different vehicles are used.

Processing facilities will not need as
much sorting equipment.

Segregated matarials entering the processing
facility have a lower reject rate
{average 1.2 percent with a range of 0-4 percent).

Materials may be higher quality and
have a higher market vale.

More labor may be needed for processing.

Less labor may be needed for processing.

Of our 30 communities, two—Bowdoinham and
Lincoln—have used co-collection. In the small rural
town of Bowdoinham, a private hauler collects clear
bags of recyclables and clear bags of refuse in a
pick-up truck. In Lincoln two private haulers
retrofitted their packer trucks with bins for
collecting aluminum and newspapers. As the
private sector operates both these programs, costs
are not available.

The other 25 communities with curbside
collection systems collect either commingled or
segregated recyclables using dedicated recycling
vehicles. Communities within our sample that
utilize segregated collection systems are primarily
suburban or rural. In Naperville, Columbia,
Portland, and West Linn, residents set out their
recyclables completely segregated, and even color-

2 Cose

sort glass. In Fennimore and La Crescent, collection
crews color-sort glass. The programs in Berkeley,
Boulder, and Perkasie can also be considered
segregated collection systems. The majority of the
communities in this study, including many of the
largest cities such as Providence, San Francisco,
Charlotte (Mecklenburg County), Philadelphia, and
Seattle, utilize commingled collection systems. The
propensity of larger communities to select
commingled systems may be attributed to the
desire to speed collection; the desire to increase
program participation through convenient set-out
methods; the ability to support large, capital
intensive processing centers to sort recyclables; and
the ability to realize low operating costs as a result
of the economies of scale of these centers.




There are advantages and disadvantages to
both commingled and more segregated set-out and
collection methods, as outlined in Table 8.15.
Commingled systems allow crews to collect
materials faster than segregated systems. Greater
collection efficiency translates into lower collection
costs. (It also might mean less capital cost
investment in collection equipment because
communities might be able to use existing collection
vehicles and need fewer trucks.) Processing costs
may be higher than those incurred by more
segregated systems, and depend on scale of
processing facility and equipment and labor
requirements. If commingled materials are sorted
at a central sorting facility, the community may
benefit from low operating costs that economies of
scale provide. Systems with highly segregated set-
out and those that require workers to do additional
sorting on the collection route can be expected to
have higher collection costs due to the increased
time needed to load the different materials, This
higher collection cost may be offset by lower
processing costs and lower materials reject rates,
which lead to lower disposal costs. (The costs of
collection in Fennimore and Columbia, however,
indicate that segregated collection systems do not
necessarily have high costs. Operating and
maintenance costs for collection in these
communities, where public crews color-sort glass
en route, are $39 and $49 per ton, respectively.)

Table 8.16 lists per ton O&M collection and
processing costs incurred by the public sector
including the community itself, the County, and the
State if applicable. (As mentioned earlier, previous
tables list only communities' direct costs.) Costs
vary widely, The gross operating costs of
segregated curbside systems, including collection
and processing, range from a low of $39 per ton
in Lafayette to a high of $215 per ton in La
Crescent. Of the communities with commingled
systems, Berlin Township has the lowest Q&M
collection cost at $42 per ton ($58 per ton including
processing). Philadelphia has the highest at $173
per ton ($181 per ton including processing), and
West Palm Beach has the second highest at $148
per ton ($169 per ton including processing).

Because our sample of 30 communities consists
of very different programs across the country, we
cannot effectively compare costs among them to
determine whether commingled or segregated

systems are more cost-effective. Other variables—
amount of materials collected per household, tons
per day collected and processed, labor costs, and
basis of contract fees—may have a more significant
impact on operating costs than actual set-out,
collection, and processing methods. For example,
Philadelphia's and West Palm Beach's high
collection costs may have something to do with the
fact that both programs collect less than 6 pounds
of recyclable material per serviced household per
week. Berlin Township, on the other hand, which
has a low collection cost, collects nearly 20 pounds
per serviced household. Both Lafayette and La
Crescent contract out recycling collection service,
and thus these costs may not be representative of
the actual operating expenses of the programs.2 La
Crescent’s high program costs can be attributed to
factors other than set-out and collection system.
These include the long distances (up to 40 miles
each way) that its contracted hauler must travel to
unload materials at the County processing center,
the relatively small amount of recyclables collected
per household, and the fact that payment to the
City's recycling hauler (which is also the City's
refuse hauler) is tied to the number of refuse bags
sold in the City, which may diminish the
company’s incentive to increase the amount of
recyclables collected.

Nevertheless, by looking at some individual
programs and processing facilities we can illustrate
some of the strengths and weaknesses of
commingled and more segregated systems.

Most of the facilities accepting segregated
materials have lower capital costs than those
accepting cormnmingled materials (see Table 8.17).
The high-technology 240 ton-per-day CRInc
facility—which processes commingled recyclables—
in Montgomery County, Maryland cost $8.5 million
to construct. In contrast, the 72 ton-per-day
medium-technology processing center, which is
owned and operated by Eco-Cycle in Boulder and
processes segregated recyclables, cost $687,500 (1990
dollars} to build and equip—one third the cost per
ton-per-day of installed capacity. The two
processing facilities in Seattle provide a striking
comparison of the cost difference between high-
technology systems and low- and medium-
technology systems. The hauler serving Seattle’s
north section delivers semi-segregated recyclables
to the 300 ton-per-day Recycle America Processing
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Center, which cost an estimated $500,000. Since
recyclables are partially separated by the generators
and are collected in compartmentalized trucks, the
facility is used primarily for baling and for sorting
commingled bottles and cans. In contrast, the
Rabanco Recycling Center, to which the hauler
serving Seattle’s south section brings fully
commingled recyclables, is a 500 to 700 ton-per-day
facility that cost between $6 million and $8 million.
This facility uses a combination of conveyors,
trommel, disc screens, magnetic separation, air
classification, hand picking, and baling. The
Rabanco Recycling Center cost almost seven times
as much as the Recycle America Processing Center
on a ton-per-day of installed capacity basis.

On the other hand, because of the low
throughput of many of the facilities processing
segregated recyclables, these systems often have
higher capital costs per ton-per-day of installed
capacity than the typically larger commingled
facilities. Fennimore, for example, which has
relatively low collection costs, has relatively high
processing costs at $83 per ton. Two factors
contribute to Fennimore’s high per ton operating

costs: only 1.62 tons per day are processed, and
the City’s crews must travel 42 miles to market
glass and metals. In addition, processing facilities
with small tonnage throughputs, such as those
utilized by Bowdoinham, Fennimore, and Monroe,
have much higher per ton O&M processing costs
than larger facilities (such as those in Seattle,
Providence, or Montgomery County). The amount
of manual labor used at small facilities is one
reason for their higher per ton cost. Bowdoinham
employs two workers at its 2 ton-per-day facility
(or 120 employees per 100 tons per day processed).
Large facilities can process on the order of several
hundred tons per day with high-technology

equipment and relatively few employees. For

example, the Montgomery County facility employs
9 workers per 100 tons per day processed; the
Rhode Island facility utilizes 12.5 employees per 100
tons per day processed. Chart 8.3 shows the
relationship between the number of employees per
100 tons per day processed and the O&M
processing cost. As the number of employees per
ton-per-day processed increases, so does the O&M
cost.

Chart 8.3
Processing Facility O&M Costs and Labor Requirements
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Table 8.17
Costs and Characteristics of Intermediate Processing Facilities

Daily
Distance Days Per  Design  Through- Tonnage Capital Capital Cost
Facility toIPC Regional  Ysarin Capacity put Detlversd By Cost ($TPD ol
Community Name {miles) Faclity Operation (TPD) (TPD) Community (19908%) capacity)

() (b}

SEGREGATED
NA

Autin, ¥

Beriin Township,
TBowdolnham, ME

Georgetown Paper Stock |

Key:
{} Denotes revenue received. G = Glass
A = Aluminum FCR = Fairfield County Racycling
ACCO = ACCO Waste Paper Processing Center HP = High-grade Paper
B = Batteries IPC = Intermadiate Processing Center
CCRF = Camden County Recycling Facilty L = Located within city limits
CMCMUA IPF = Cape May County Intermediate M = Scrap Metal

Processing Facility MP = Mixed Paper
F = Ferrous Cane MAF = Materials Recovery Facility
Notes:

*Segregated” designates IPCe that receive food and baverage containers pre-sorted into more than one stream.
*Gommingled” designates IPCs that receive 100d and beverage containers unsofted in one stream.
Gosts ara not necessarily incurmed by the listed jurisdiction.

{a) in Naperville, Weet Linn, Portland, Mecklanburg Co., Nawark, Takoma Park (Montgomary Co.), Seattle (both), and Providence, capital costs of IPCe are estimates based on the
year of construction and therefore are not convered into 1690 doliars.

(b} For Fennimore, Monros, Newark, Perkasie, Poriland, and West Linn capital costs $/TPD of capacity were calculated with the TPD throughput becauss the design capadity is not
available. The capital costs for the improvemants of Naperville's facikty are not included. In Providence, the MRF currently operatee over twe shifts; thus 240 TPD was utilized.




Table 8.17 continued

Number of
Annual Tip Rejoct Total Empioyess Tech-
O&M Cost Fes Revenus Revenue Materials Rate (% by Number of - Per 100 TPD nology
{$1on) ($1on) Per Ton Reciplents Processed weight) Employess  Processed Type
fe) {d)

AF,G,HP,MP,OCC,ONP,

AF.G,HP,MPOCC.ONP,P

NA = Not Available RCC = Recydlables Collection Center
NARC - Napervile Area Recydling Center RR = Revenua Received

O« Gil RAT =~ Rssource Recycling Technologies
OCC = Comugated Cardboard SWA MRF = Solid Waste Authority MRF
ONP = Newspaper SWNC = Sclid Wasie Management Center
P = Plastics TPD = Tors Per Day

PC = Processing Center WG = White Goods, Appilances

PTRC = Philadelphia Transler and Recydling Center WM = Waste Management Inc.

X = Other, inc. salvaged items

(¢) Municipalities noted with an asterisk weigh residue; the remaining municipalilies do not.

(d) Low: minimal equipment, mlies heavily on manual labor. Medium: some equipment and manual labor. High: extensive squipment (elaborais conveyor sysiems, eic.)
10 sort/prucess commingled recyclables.

(e} In Columbia revenus is received as pant of the processing fipping tee arrangemant for all materials but paper.

() Represents 1990 O&M costs as reported in *1892-93 Materials Recovery and Recycling Yearbook™ (New York: Governmenial Advisory Associaies, Inc., 1992}

{g) Aithough FCR/Chariotie processes B0 tons per day operating ona shift, the faciity wias detigned 1o process 200 tons per day in two dally shitte.

{h) The numbaer of smployees per 100 TPD processed is based on design capacity rather than throughput.

(i) Thete is & $20 per ton processing fes arrangament for commingled recyclables.

{i) The Counly pays CRInc. & flat fee of $844,000 per year for procassing recyciables.

(k) Characteristics listed above are for Paim Beach County's new processing tacility, which became operational in April 1991 (after the base year of study).




One way to reduce materials recovery
processing costs is to deliver materials directly to
market without prior processing, and/or to perform
a minimal level of processing, such as color-sorting
glass, on the vehicle. In Berlin Township, Dakota
County, Lincoln Park, Perkasie, and Portland, some
materials are delivered directly to markets without

being processed. Berlin Township brings
newspaper and mixed paper directly to a paper
mill. Perkasie does not have a real processing
facility. Collection workers separate all glass and
aluminum at curbside, put them into a
compartmentalized trailer, and deliver them to the
pubic works yard, where vendors collect them.
Paper is collected separately and delivered directly
to markets. Because materials are sorted at the
cutb or on the collection vehicle, material collected
through segregated systems require minimal to no
processing. In fact, a number of the communities
employing segregated systems, such as Naperville,
Boulder, and Perkasie, incur lower O&M processing
costs than collection costs. Processing costs are $43
per ton in Naperville, $5 per ton in Boulder, and
$10 in Perkasie.

Overall O&M and capital costs depend
on both collection and processing
strategies. There are trade-offs between
capital investments and operating costs,
and between collection costs and
processing costs.

Another way to reduce processing costs is to
take advantage of the economies of scale offered
by centralized sorting facilities. Many of the
communities utilizing commingled collection
systems rely on large County- or State-run
processing centers. (See Table 8.17.) Such facilities
usually are capital-intensive, but have relatively low
operating expenses. For example, Palm Beach
County processes West Palm Beach’s recyclables in
its new $6.3 million processing facility, which
opened in mid-1991 and is designed to process 220
tons per day. The County pays private operators
$21 per ton to run the plant.

While large capital-intensive facilities benefit
from economies of scale and thus can have lower

operating costs, the extensive machinery utilized
often results in high material breakage rates.

Providence, one of the largest cities in this
study, provides a useful example of the advantages
and disadvantages of commingled systems.
Providence pays a private hauler $105 per ton to
collect commingled recyclables, and the State
spends $32 per ton to process the material at a
high-technology processing facility operated by
New England CRInc. The 200 ton-per-day facility
cost $6 million. The facility receives an average of
$29 per processed ton in materials revenue ($33 per
marketed ton), half of which is for the sale of
aluminum. However, over 40 percent of all glass
entering the facility breaks. Broken glass is
landfilled, as is other processing residue, which is
estimated at 14 percent by weight of all material
entering the facility. If we subtract the amount
rejected at Rhode Island’s processing center,
Providence’s per ton collection costs jump from
$105 per (collected) ton to $119 per (marketed) ton.
Operating costs for the processing facility are $37
per ton actually marketed ($32 per ton processed).
The State of Rhode Island estimates that in 1990
it incurred $1.3 million in disposal costs and lost
revenue collecting and processing glass containers
that ended up in the landfill.?

In commingled systems, material can break or
be otherwise rendered nonmarketable during
collection and processing. For example, Rhode
Island reports that approximately 20 percent of all
glass collected breaks en route while another 20
percent breaks during processing at its high-
technology facility. Seattle also reports problems
with glass breakage en route and is currently
storing a large pile of mixed glass cullet in the hope
that market opportunities will open in the future.
(In its new recycling contract, Seattle is requiring
one of its haulers, who formerly collected all
materials in one stream, to color-sort glass. This
is predicted to reduce problems with glass breakage
as well as increase the value of paper, which
sometimes had been contaminated with broken
glass slivers.) Fennimore and La Crescent, on the
other hand, deliver color-sorted material to their
processing centers and lose next to no material;
nearly all collected tonnages are marketed.

Rhode Island is examining ways to retrofit

collection vehicles (which are generally Labrie
sideloading, dual-compartmentalized vehicles),




including installation of an interior net or baffling.
Such methods have proven successful in shortening
the fall of the glass containers and providing a
plastic cushion for the glass.!t

Some communities with medium- and high-
technology processing facilities, such as Cape May
County, New Jersey, have secured markets for
broken glass. Approximately 50 percent of the
glass delivered to Cape May County’s IPC is
broken by the time it reaches the facility. The
County’s arrangement with the IPC’s private
operators requires that they pay for the disposal of
residue materials if these exceed 5.5 percent of
commingled glass and cans. The operators market
broken glass to a local glassphalt manufacturing
company. In 1990 only 2.38 percent of all material
entering the facility was landfilled as residue.
Glassphalt, however, is not an optimum solution
to the glass breakage problem. Whereas clear glass
cullet was worth $42 per ton in 1991, a ton of
mixed cullet for production of glassphalt brought
in only $0 to $10.° '

Collection and processing systems for
segregated recyclables result in low breakage and
reject rates.  Reject rates at centers for segregated

materials range from 0 to 4 percent by weight, with
an average of a little above 1 percent. For
commingled facilities the range is 0.5 percent to 16
percent by weight, with an average of 7 percent.

Many of the communities with segregated
systems, such as Naperville, Berkeley, and Boulder,
have gained a reputation of having especially high-
quality materials. In some instances, end users
have approached these cities to purchase materials.

The Effect of Labor on Cost

The variation in the cost of materials recovery
is partially due to demographic and regional
factors. The cost of living, which determines the
average hourly wage paid to workers, varies
greatly across the country. Household density
affects the number of stops per collection route;
topography and weather can influence collection
efficiency as well as the number of crew members
required per vehicle. Even the price of gasoline,
which greatly affects transportation expenses, varies
across the country. However, the same
demographic factors that affect materials recovery
will affect refuse collection. Among these variables,

Chart 8.4

Public Sector Curbside Recycling Collection
and Processing O&M Costs

3250

Collection &
L Processing

(7] Processing
I Collection

Weat Linn

Notes: Costs represent the full public sector O&M collection and processing expenses for curbside recycling. Communities for which this information
is unavailable are excluded. These costs are not always incumed by the documented community, and may reprasent County or State expenses.
For Wast Linn, costs represent those incurrad by the City's private hauler. Piease see Table 8.16 for clarification,
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. Waste Prevention, Recycling, and Composting Options; L

Chart 8.5

100%

Percent of Recycling Collection as on
O&M Cost Spent on Labor

Labor costs have the same
effect on refuse collection costs
recycling and
composting costs. In West
Linn, where hourly wages are
almost $15, the private hauler

80%

spends $114 per ton (75
percent of which goes for
labor) on curbside collection of

60%

recyclables, and $144 per ton
for refuse collection and
disposal. In Philadelphia,
collection of recyclables costs

$173 per ton, while refuse
collection and disposal cost

$170 per ton.

Regardless of hourly wage

Philadelphia
Monroe
Waest Linn
Takema Park

Notes: Many communities are missing because this information is not available. Monroe's figure
is labor as a percent of total costs of recyclables and yard wasle collection and processing.

and crew size, the key to
keeping down the costs of
materials recovery is efficient
use of labor resources. Co-
collection systems are already
proving to be one way to do
this. (See side bar on co-

Providence

labor expenses have perhaps the most significant
effect on costs.

In communities with comprehensive curbside
collection programs, collection costs account for the
largest portion of total operating and maintenance
costs. See Chart 8.4. Labor costs in turn account
for most of the costs of collection. One industry
report found that 69 percent of the total outlay for
residential collection consists of labor costs.” Chart
8.5 shows labor costs as a portion of operating and
maintenance costs for those communities for which
this information is available. Hourly wages are
often higher in large cities and their suburbs than
in rural communities, or in cities in the South or
Midwest. Higher wages can lead to higher
collection costs. For example, Philadelphia pays its
workers $9.50 per hour; labor costs make up more
than 90 percent of its $173 per ton cost for
municipal curbside collection of recyclables. In
contrast, Austin pays its workers $7 per hour; labor
costs make up less than 60 percent of its $98 per
ton collection cost. Three workers operate each
recycling collection vehicle in Philadelphia, while
two operate the vehicles in Austin.

collection, page 138.)

While keeping down the costs of materials
recovery is an important goal, providing jobs is
important to communities as well. Recycling and
composting programs employ people in a variety
of capacities in both the private and public sectors.
For example, processing centers that handle
between 2 and 450 tons of recyclables per day
employ between 2 and 102 workers—6 to 195
workers per ton-per-day processed. (See Table
8.17.) In recycling, the largest opportunity for job
creation is actually in the remanufacturing field,
which offers high-paying jobs. Materials recovery
also provides employment for low-skilled,
handicapped, and prison workers. (See Table 8.18.)

Reducing Program Costs

Whatever program design a community selects,
there are ways to make recycling and composting
more successful and cost-effective. By studying and
comparing the costs incurred by our 30
comimunities, we have found that communities can
reduce their overall materials recovery costs by:

* negotiating favorable conditions in contract
arrangements,




Table 8.18
Communities Providing Employment Opportunities for
Low-Skllled, Handicapped, or Prison Workers

Lafayette, LA

Monroe, WI

Newark, NJ

Seattle, WA

Sonoma County, CA

West Linn, OR

Community Non-traditional Labor

Austin, TX ACCO Waste Paper Processing Center employs 20 developmentally disabled people to hand sort
glass. Prison inmates remove leaves from plastic bags at the composting site.

Bouider, CO Eco-Cycle employs five developmentally disabled people to sort recyciables.

La Crescent, MN The Houston County Processing Center employs three handicapped people to process recyciables.

In addition 1o paid employees, some prison laborers are used to separate recyclables.

Disabled workers from a locai shelter are employed for approximately 8 months out of the year at or
below minimum wage to sort recyclables.

Several state prison inmates work at the composting site. The City afso contracts with the Occupa
tional Center (OC) to service one third of the City with curbside collection. The OC is a community-
based nonprofit organization that trains and educates handicapped individuals.

The City conlracts with Seadrunar Recycling, a nonprofit organization committed to drug rehabilitation
of juveniles and adults, for weekly pick-up of waste paper at Municipal offices.

Garbage Reincamation uses volunteers trom local schocls, court-raferral programs, and mentally
disabled to sort and prepare materials for market.

Inmates from correctional facilities occasionally work at the drop-off center,

* utilizing drop-off programs in rural areas where
curbside programs may not be cost-effective, or
to supplement curbside programs,

* maximizing the public's participation and the
amount of tonnage recovered,

* reducing the distance and time traveling to
materials recovery processing centers or markets,

* utilizing collection vehicles with appropriate
capacities to avoid frequent unloading,

* collecting source-separated yard waste for
composting,

* taking advantage of private sector or regional
processing facilities,

* sorting material en route to increase the quality
of material, reduce processing costs, and
minimize material rejected,

* integrating materials recovery programs and
systems into the existing solid waste management

system (rather than viewing them as add-on
systems),

+ utilizing appropriately designed co-collection
systems, and

* making use of existing equipment.

Contracted Programs

As discussed earlier, a little less than one-third
of the communities studied contract out for
collection and/or processing services. The
following strategies have proven effective in
reducing costs and maximizing recovery levels in
contracted situations:

* making use of competitive bids,

¢ including locally-based organizations and
entreprenuers in the bidding process,
* retaining some portion of materials revenues,



* encouraging haulers to increase the amount of
materials collected (e.g., by basing a contract on
per ton fees), and

* negotiating refuse collection and disposal con-
tracts that provide discounts for reduced refuse
volume due to recycling or source reduction.

Competitive Bids

Communities can ensure lower contract fees
through competitive bidding. Seattle has been able
to maintain low recycling collection costs ($47 per
ton in 1990) due to a 5-year contract obtained
through a competitive bidding process.”” Moreover,
because the contracts are based on tonnage
recovered, the haulers are provided with a strong
incentive to maximize the material they collect.
Newark’s low per ton collection cost for yard
waste—less than $10—is due in part to competitive
bidding for yard waste collection. Philadelphia is
framing a competitive bid structure that will enable
both private companies and the municipal
collection crew's union and management to
participate in the bidding process.

Nonprofit Organizations

Six of the 30 communities contract with
nonprofit recycling organizations for some aspect
of their recycling collection or processing. Because
nonprofit groups do not operate with a profit
margin, communities that contract with such
groups may incur lower costs than they would with
for-profit companies. Nonprofit organizations
typically provide services that extend beyond
collection and processing. For example, many
engage in extensive recycling and source reduction
education programs.

Nonprofit groups in Berkeley provide cost-
effective recycling services. In 1990 the City of
Berkeley paid the Ecology Center the equivalent of
$67 for every ton it collected and processed under
its curbside recycling contract, and paid the
Community Conservation Center, Inc. (CCC) $10
per ton recycled to operate the Berkeley Buy Back
Center. The City also supports the activities of
these organizations by providing them equipment
and land."®

132 Costs

Boulder has one of the lowest processing costs
among our 30 communities—$5 per ton. It
contracts with Eco-Cycle, a local nonprofit
organization, to provide this service. The City
contracts with a private hauler to collect recyclables,
but stipulates in the contract that the hauler must
bring the materials it collects to Eco-Cycle for
processing. The revenues from materials sales are
then split between the two groups. Eco-Cycle
keeps its costs down by using retrofitted
equipment, and by assigning prison and
community service laborers to certain processing
tasks. Both Eco-Cycle (Boulder) and the Ecology
Center (Berkeley) lead extensive educational

programs in their cities.

Revenue Sharing

Communities can reduce the net costs of
materials recovery by writing revenue-sharing
agreements into recycling contracts. For instance,
Urban Ore, a for-profit salvage/reuse drop-off
operation in Berkeley, is required through a license
agreement to pay the City 10 percent of its monthly
gross revenues.!” The contract fee paid to
Berkeley's nonprofit curbside collection provider,
the Ecology Center, is tied to the door price of
newspaper, and is designed to cover the difference
between the program’s cost and the revenues
earned from the materials sold. The City of
Naperville receives 50 percent of the profit realized
by the contractor. (In 1990 no profit was earned.}
Columbia receives 50 percent of the average
monthly price for aluminum and glass based on
figures published in Recycling Times, and 70 percent
of the indexed price from the Paper Stock Report for
corrugated cardboard. (In addition, the City pays
the processor a $15 per ton processing fee for
newspaper.) Dakota County and Montgomery
County receive some revenue from the sale of
materials even though they contract with private
firms to operate and maintain their processing
facilities. The private operator of the facility in
Montgomery County receives 25 percent of gross
revenue, and the County receives 75 percent. Also,
as an incentive to use local markets, the operators
are responsible for 25 percent of the cost of
transporting processed materials to market.

Cities can not only lower recycling costs through
revenue-sharing agreements, but they can also help

Vil



ensure profitable or break-even contract
arrangements for private haulers in light of highly
variable market conditions. Seattle's new recycling
contract stipulates that the City will share all market
risk with its contractors. If prices for recyclables
rise above predetermined levels, the City will receive
all of the extra revenue in the form of reduced per
ton payments. If prices fall, the City will cover all
of the loss through higher per ton payments.

Retaining Flexibility to Reduce Refuse
Costs in Refuse Contracts

Cities can retain the flexibility to shift resources
between materials recovery programs and refuse
collection through proper negotiating of refuse and
recycling contracts. For example, when Naperville
signed its last 5-year refuse collection contract, it
was just beginning a pilot curbside program. A
clause in the contract stipulated that after 1 year,
the hauler, the recycling center, and the City would
negotiate a rebate for the City from the hauler
based on the volume of material diverted from the
landfill by the recycling center. As a result of this
clause, the City’s refuse hauler gave Naperville a
diversion credit of $35 for each ton of materials
recycled in 1990. This credit was based on avoided
tipping fees, trips to the landfill saved, and
collection time saved. The value of the latter two
was calculated by estimating the reduction in labor
and vehicle costs. (Listed recycling costs for
Naperville do not include this $35 per ton diversion
credit.) Naperville further reduced its refuse
collection costs in 1990 by eliminating one of its
two weekly refuse collection days, and instead
providing weekly collection of refuse, recyclables,
and yard waste. In 1991 the City paid 20 percent
less to collect and dispose of refuse.

Newark has requested bids for a new recycling
collection contract in one-third of the City. It
prefers that the future contractor pick up both
recyclables and refuse from these zones so that
collection infrastructure and equipment can be
shared between these two functions.

LLS: Communities

Reducing Costs in Publicly-run
Programs

Over one-third of the communities studied
provide municipal pick-up of recyclables and/or
yard waste. The following techniques have proven
helpful in keeping down the costs of such
programs. Some of these techniques may be
applicable to privately operated programs as well.

Maximizing Participation and Tonnage
Recovered

Communities that target a wide range of
materials for collection (particularly items that
comprise a significant percentage of the waste
stream, such as residential mixed paper and yard
waste), and secure the participation of all waste
generators in collection programs, are able to reach
waste recovery rates of 40 percent and above. (See
Chapter 5.) Similarly, communities that maximize
the amount of material collected, often have low
per ton recycling and composting costs. A truck
must travel the same route length regardless of
how many residents participate in the program.
Recycling collection systems become most cost-
effective when the amount of material collected at
each stop is maximized.

Chart 8.6 compares per ton curbside collection
costs for recyclables to pounds recycled per week
per household served. Although at first glance
there may appear to be no direct correlation, note
that six of the nine communities with costs above
$80 per ton—Austin, Newark, West Palm Beach,
Providence, La Crescent, and Philadelphia—are
among those that recover the lowest amount of
recyclables per household—all less than 6 pounds per
week. In contrast, six of the eleven programs with
costs lower than $80 per ton—Perkasie, Seattle,
Naperville, Fennimore, Berlin Township, and
Boulder—are recycling more than 6 pounds per
week.

Austin collects relatively few materials at
curbside: newspaper, corrugated cardboard, glass,
aluminum, and ferrous cans. West Palm Beach,
Providence, and Philadelphia collect only
newspaper and food and beverage containers.
These four communities are among those with the
highest per ton costs. In comparison, Seattle,
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Chart 8.6

O&M Collection Costs for Curbside Recycling
Programs and Pounds Per Household Recycled

Chart 8.7 presents similar
information for yard waste
collection. The three programs
collecting the most yard waste per
household have the lowest per ton
costs. Berlin Township and West
Palm Beach collect more than 11

25 pounds per household per week at
curbside and have inexpensive

collection programs (37 and $37 per

- 20

ton, respectively). On the other
hand, Lafayette, Monroe,

- 15 Fennimore, Naperville, and Takoma

Park collected less than 11 pounds

of yard waste per household per
week and have much higher costs.

- 10

5 The City of Austin attributes its
low per ton costs to limited yard

waste service by a few of its
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Per Ton Q&M Curbside Collection Cost
—a— Curbside Ibs. Per Household Per Week

COosts.

Takoma Park

Notss: Berkeley's, Lafayette's, and Seaitle's costs indude processing. Fennimore’s,
Monroe's, and Perkasie's cost figures cover the collection of a small amount of drop-off
materials. Mecklenburg County's costs represent the City of Charlotte’s curbside collection

haulers (who collect bagged leaves
in their refuse packer trucks during
portions of their refuse collection
routes) and to the shorter distance
haulers have to travel to unload
yard waste as compared to refuse
or recyclables. If only a few
materials are collected, the costs of
the existing waste handling system
may not be greatly impacted. As
communities collect more, they
incur additional costs to collect and

Soattle
Berlin Township |

Naperville, Fennimore, and Berlin Township collect
many types of low- and high-grade paper in
addition to food and beverage containers.
Naperville also collects scrap metal, clean
polystyrene containers, and LDPE é-pack plastic
rings. Fennimore and Berlin Township collect all
types of PET and HDPE containers.

Because participation rates play a role in
increasing recovery levels, they also affect per ton
collection costs. Seattle, Fennimore, Berlin
Township, and Perkasie, with participation rates of
83 percent, 100 percent, 97 percent, and 100 percent,
respectively, all have low per ton recycling
collection costs. On the other hand, Austin,
Providence, and La Crescent have higher collection
costs and participation rates of 40 percent, 74
percent, and 74 percent respectively.

process recyclables and yard waste
above the costs incurred for their
traditional refuse collection and handling systems.
The more materials communities collect, the more
these additional costs can be offset by reduced costs
of managing solid waste destined for disposal, and
the more costs per ton will decrease. Nevertheless,
Austin's and Lincoln's low costs indicate that while
the amount collected per household per week may
have some correlation to cost per ton, other factors
are at play (such as labor costs and set-out and
collection method).

Unloading Frequency and Distance to
Processing Facilities
Table 8.19 lists curbside collection cost, number

of crew members per collection vehicle, number of
times the truck must unload per day, truck type




and capacity, and distance to the processing center
or transfer station—all of which impact curbside
collection efficiency.

The distance to the processing center or transfer
station and the number of times a truck must
unload appear to have the most substantial impact
on curbside collection costs of these variables.
Traveling time costs a city money in labor expenses,
fuel fees, and truck maintenance. In contrast to
driving a collection route to pick up materials,
traveling to unload materials is unproductive time
and can be considered an add-on cost.

Depending on the collection route, Newark’s
collection vehicles must travel up to 20 miles to
unload recyclable materials; furthermore, the trucks
must unload three to four times a day. Newark
incurred a curbside collection O&M cost of $140 per
ton in 1989. La Crescent incurs a curbside
collection cost of $111 per ton; haulers must travel
between 10 to 40 miles to the County processing
center, and the trucks unload

increase collection efficiency, thus reducing costs.
Factors affecting unloading frequency include the
capacity of collection vehicles, the density of
materials collected, and whether or not materials
can be compacted en route.

Some communities are using compactor trucks
to collect recyclables, especially waste paper.
Compacting material increases truck tonnage
capacity and reduces the unloading frequency; this
in turn improves collection efficiency, which
reduces costs. The fact that Perkasie, Boulder, and
Upper Township compact significant portions of
their recyclables may contribute to their relatively
low recycling collection costs. Perkasie collects
mixed waste paper and corrugated cardboard in
two different packer trucks, and incurs collection
costs of about $50 per ton. Boulder and Upper
Township similarly collect paper in separate packer
trucks; their collection costs are $51 per ton and $71
per ton, respectively. Columbia uses a packer truck

twice per day. In Providence,
where the curbside collection
O&M costs are $105 per ton,
haulers must drive at least 15
miles one to two times per day to
unload recyclables at the State

Yard Waste O&M Curbside Collection Costs and
Pounds Collected Per Household

Chant 8.7

processing center. In contrast, e /. __::
Fennimore has a low curbside 370 w©
collection O&M cost of $39 per $60 ] .
ton; although the service provider $50 d .
has to unload about six times a w40 25
day, he travels only 1 mile to the 1l
City processing center. Perkasie’s 330 1.
per ton collection O&M costs are 20

about $50. Its trucks travel less $10 T
than a mile to deliver aluminum, i :

steel, and newspapers; 10 miles to
deliver plastic; and 15 miles to
deliver corrugated cardboard.
(While Perkasie’s trucks may
travel a number of miles to
deliver its paper, they do not do
this every day. Unlike in the
other communities mentioned
above, Perkasie delivers materials
directly to markets, not to a
processing facility.)

Reducing the number of times
vehicles must unload can also

$50/ton.

Per Ton O&M Curbside Collection Costs
—m— Curbside Ibs. Per Household Served Per Week

Notes: Pounds per household per week was calculated on a 52 week year even for cities with
seasonal callection, Fennimore's pounds collected at curbside may include some drop-offmaterial.
Lincoln Park, Berlin Township's, and Monroe's curbside costs inciude a small amount of drop-off
expanses. Lafayette’s annual tons are prorated based on 650 tons per month for 5 months while
the program was in operation. And, its costs also cover the collection of 963 tons atthe drop-off,
Wasi Palm Beach's curbside cost and tonnage includes a significantamount of residue matedial that
was not composted. Excluding this residue, the City composted 26 Ibs./per household at a cost of

s
3

L afayette
Seattle
Beach
Berlin Township E'

Fennimore :
Naperville
Takorma Park
Lincoln Park
West Palm

Upper Township
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Table 8.19

Factors Affecting Collection Efficiency and Costs

Curbside Number of Number

Collection Distance Times Truck Number of Stops

Q&M Cost ta IPC Unicads of Crew Per Day Per
Community {$/ton) {miles) Per Day Truck Type Members Vehicle
Fennimore, Wi $39 05 L] Used BearPop Truck 2 400-500
Monroe, Wi $50 1 3 Modified Dump Truck 1 750-800
Boulder, CO $51 0 (a) NA Retrofitted Packer Truck 2 NA
Seattie (north), WA $54 NA (b} 2 18- and 31-cy Trucks 1 400
Perkasie, PA $58 0-15 (¢} i Trailer 4 280
Berlin Township, NJ $58 10 1 Eager Beaver Truck 1-2 600
Berkeley, CA $63 o-4 1-2 Lodal Trucks 1-2 NA
Upper Township, Nid 7 0.5-15 1-2 20-cy Packer Truck 3 400
Napervills, IL $73 0.25-15 1-2 1-ton Truck with Trailer 2-3 NA
La Crescent, MN 3111 10-40 2 Retrofitted Vehicle 3 500
Takoma Park, MD 897 4.12 1-3 Kahn Sorter Truck 3 800
Providence, RI $105 15 1-2 31-cy Labrie Truck ] NA
Newark, NJ $140 1-20 34 23-cy Eagar Beaver Trucks & Trailers 3 NA
West Paim Beach, FL $148 16-51 1 30-cy Labrie Truck 1 NA
Phiisdeiphia, PA $173 1-10 1-2 23-cy and 32-cy Lodal Trucks 3 NA
Lafayeite, LA NA 015 24 15-cy Eagar Beaver Trailers 3 400-900
Key:
¢y = cubic yard  IPC = Intermediate Processing Center  NA = Not Available
Notes:
For detaits on per ton collection costs, see Table 8.13.
{a) Site is within city limits.
{b) Trucks take one hour for a round trip.
(c} Distance is 10 miles for plastics and 15 miles for newspaper.

to collect old corrugated cardboard; its collection
costs are $49 per ton.

Since plastic wastes are a low-density material,
collecting them can reduce efficiency. To meet this
challenge, several communities such as Monroe®
and areas of Portland are using plastics compactors
on their collection vehicles. The hauler providing
collection service in West Linn, which began
plastics collection in 1991, uses an on-board
compactor. An alternative to the plastic compactor
is the on-board plastic grinder, which combines
different resins en route; the resins are later
separated through a flotation process. This method

is being used in Ann Arbor, Michigan, and is being

tested by waste haulers in Portland in conjunction
with Partek Inc. in Vancouver, Washington, which

developed the system.?' (Before investing in a
plastics grinder, communities should ensure that
ground plastic meets the specifications of targeted
markets.) In communities that target a wide range
of materials for collection, including plastics—Berlin
Township, Fennimore, Monroe, Naperville, and
Upper Township—per ton collection costs remain
below $80 per ton.

While seven of our 30 communities have bottle
bills in effect in their areas, curbside collection costs
are available only for two of these: Berkeley ($67
per ton including processing) and Columbia ($49
per ton)—both in the moderate range. Collection
costs in these bottle bill communities might be low
as a result of avoiding the collection of high-volume
beverage containers.




Yard Waste Composting Programs

Yard waste collection costs vary widely among
our 30 communities, but tend to be lower than
recycling collection costs. See Tables 84 and 8.6.
Yard waste is more homogeneous than the various
types of recyclables; it can be compacted; and it can
be collected in one vehicle. Thus, yard waste
collection systems can be very efficient. In
addition, a number of our case-study communities
have avoided investments in equipment for
collecting yard waste by using existing collection
vehicles for this purpose. By targeting yard waste
for collection, cities can reduce total per ton
materials recovery costs.

Several communities collect yard waste with
low operating costs. Berlin Township, for example,
collects bagged leaves and grass clippings weekly
year-round with dump trucks, and loose leaves in
the fall with a specially designed scoop. Its average
O&M collection costs in 1990 were $7 per ton2 In
Lincoln Park, bagged leaves and grass clippings are
picked up twice a month in the spring and fall with
packer trucks. Loose leaves are picked up as
needed in the fall with a vacuum pulled by a dump
truck. In addition, 40 percent of the yard waste
collected in 1990 was collected through the drop-
off site. The Township’s O&M cost for yard waste
collection that year averaged $16 per ton. The City
of Newark contracts with three private haulers to
collect leaves, grass clippings, brush, and Christmas
trees at curbside weekly from October through
January. Haulers use packers and dump trucks.
The City’s cost is $10 per ton. In Lincoln, the City
incurred $14 per ton in yard waste O&M collection
costs. Private haulers under contract with the City
collect leaves, grass clippings, and brush using
packer trucks. These materials are set out in S0-
gallon toters weekly July through November. Two
of the three contracted haulers chose to replace one
of their two weeldy refuse collection days with yard
waste collection, and charged the City only $8 per
ton of material collected. (If participation in this
voluntary program had been mandatory, this fee
probably would have covered costs; however,
because the program was voluntary and
participation low, the City provided the haulers
additional reimbursement based on a
nonparticipation formula.) These two haulers
determined they could offer yard waste collection
service to residential households for $2.70 per

month, which is equivalent to the cost of adding
a second weekly refuse collection day.

Upper Township and West Palm Beach also
have relatively inexpensive yard waste collection
programs, at $49 per ton and $37 per ton,
respectively, for O&M costs. Both towns collect
yard waste year-round using two-person crews
with compactor trucks. Takoma Park’s program is
more expensive, with average O&M costs of $76
per ton in 1990. It collects yard waste year-round,
but uses three- to five-person crews. Seattle,
Naperville, and Lafayette contract with private
haulers for yard waste collection. Lafayette’s
contract is based on a per household fee and
Seattle’s on a per ton fee. Naperville pays its
hauler the equivalent of $111 per ton for weekly
collection of grass clippings and other garden
trimmings, April through December. The City
undertakes fall leaf collection and brush collection.
The following year, the City established a new yard
waste collection system in which residents were
charged directly per bag of yard waste set out.

Composting costs, like processing costs for
recyclables, are highly influenced by the technology
utilized, the amount of material composted by the
facility, and the number and wages of employees.
Many communities are avoiding composting costs
by relying on county or private facilities that charge
minimal or no tipping fees. For those that are
composting their yard waste at local facilities,
composting operating costs range from $2 per ton
in Berlin Township to $89 per ton in Philadelphia,
with most costs in the $15 to $30 range. Capital
costs per ton-per-day composted are relatively
inexpensive, ranging from virtually $0 in Fennimore
to $54,660 in Austin. At Austin's site, a front-end
loader mixes yard waste with sewage sludge; the
combined material is turned with a windrow turner
twice a week, and after several months of
composting and curing, is screened. On the other
hand, the only equipment Fennimore uses is a 1975
front-end loader to turn windrows.

Communities can substantially reduce both
collection and processing costs by promoting
backyard composting of organic materials and
leaving grass clippings on lawns. (See Chapter 3
for a description of backyard composting
programs.)
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Qutside Processing and
Composting Facilities

Local communities can avoid and/or reduce
capital and operating costs by sending recyclables
and yard waste to processing facilities owned by
County or State agencies, or by private firms.
{Regional facilities benefit from economies of scale,
and the overall operating expenses of such facilities
are frequently cheaper than those of municipally
scaled facilities. In many instances, total capital
costs of regional facilities are higher.) While
municipalities typically pay low or no tipping fees
to use such facilities, drawbacks include additional

transportation costs, little control over the types of
materials accepted, and little control over where
materials are marketed.

Clearly, if municipalities take advantage of
other publicly operated facilities, the costs of these
facilities may still be borne by the taxpayer.
County and state operations may be funded
through such sources as taxes, bond issues, landfill
surcharges, and, of course, materials revenues.
Private sector recovery enterprises, on the other
hand, operate as businesses and cover their costs
through the fees they charge and the materials
revenues they receive. (If private recycling
processors or composters do not charge local,
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county, or state governments for handling
materials, these operators’ costs are typically being
covered by materials revenues, not by the
taxpayer.)

Providence, La Crescent, West Palm Beach,
Austin, San Francisco, Berlin Township, Upper
Township, Takoma Park, Newark, and Columbia
all avoid the costs of processing recyclables. The
State of Rhode Island pays for processing of
Providence’s recyclables. The counties in which La
Crescent, Berlin Township, Upper Township,
Takoma Park, and West Palm Beach are located
own and operate processing facilities, and do not
charge a tipping fee.®

In Austin, San Francisco, Newark, and
Columbia, processing facilities are privately owned
and do not charge a tipping fee. The City of
Newark actually received $12 for each ton it
delivered to the private processing facility during
the base year of study. Relying on private
companies for processing recyclables has kept
processing costs low in Boulder, Lincoln, and
Philadelphia. Their processing costs are $5, $15,
and $8 per ton, respectively.*

Composting, too, is often undertaken by the
private sector or county agencies. Private facilities
often charge tipping fees, but by using these
facilities communities can avoid incurring capital




costs for equipment and be relieved of operating
and marketing responsibilities.

Takoma Park, Upper Township, and West Palm
Beach use County composting facilities that charge
no tipping fees for a large portion of their yard
wastes. While Takoma Park composts the leaves it
collects during the fall at a City site and Upper
Township incurs costs for brush recovery, the use
of County facilities keeps O&M and capital costs
low in both these municipalities.

Dakota County avoided capital investments in
composting equipment by contracting with a
private company to operate two County-owned
composting sites. The operator owns all the
equipment. In 1990 composting fees were relatively
low at $33 per ton.

Berkeley and Seattle also use private
composting facilities. Berkeley pays $24.75 per ton
of yard waste delivered, and Seattle pays $5.47 per
ton for the first 24,000 tons delivered and $18 per
ton for any tonnage above that.

As Tables 8.1, 8.2, and 8.7 indicate, the capital
cost of the typical composting facility is relatively
low, and communities may find it more cost-
effective (particularly when considering

transportation costs) to operate their own facility -

rather than pay tipping fees at private sites. Beriin
Township, for instance, is applying to a local
commission for the right to compost grass clippings
and brush on a local site, so as to avoid the $7 per
cubic yard tipping fee that it is currently incurring.

Integrating Materials Recovery Into Solid
Waste Systems

When implementing materials recovery
programs, cities generally incur additional capital
and operating expenses. These additional costs can
be offset by reduced costs of managing solid waste
destined for disposal. While some additional
expenses cannot be avoided, communities can
reduce such costs by shifting staff and equipment
away from refuse collection to materials recovery.
Materials recovery programs serve as substitutes for
refuse collection and disposal systems not
additional programs. Berlin Township, for
example, has one of the least expensive curbside
recovery programs in our study and utilizes the
same staff and much of the same equipment for

refuse and recycling activities. Rather than adding
a whole new collection system, some communities,
such as Perkasie, Naperville, and Takoma Park,
have replaced one of their two weekly refuse
collection days with recyclable and/or yard waste
collection. Takoma Park reorganized its Sanitation
Division at the beginning of its curbside program
to avoid hiring additional personnel to collect
recyclables. The City reduced the number of trucks
collecting refuse and converted one of its three-
person crews to a recycling crew. After reaching
a 36 percent recovery rate in 1990, Takoma Park
reduced refuse collection from two days a week to
one day in 1991, and split sanitation crews evenly
between recycling and refuse collection.

Many communities in our study have avoided
new equipment purchases by using pre-existing or
shared equipment. In Berkeley, Berlin Township,
Fennimore, Columbia, Lincoln, and Monroe,
equipment used for collecting refuse or other public
works functions (such as front-end loaders and
dump trucks) are also used for collection of
recyclables and yard waste, and in several cases for
processing these materials as well. Table 8.20 lists
equipment that communities use for recycling and/
or composting that was owned before the initiation
of the program.?® Much of this equipment
continues to serve several functions, with recycling
and composting accounting for a small percentage
of the time they are in operation.

Co-collection systems present another way to
more fully integrate recycling into solid waste
management. (See side bar "Co-collecting
Recyclables and Mixed Waste," page 138.)

Refuse and Materials
Recovery Costs

While there is certainly variation in the cost-
effectiveness of different materials recovery
programs and much room for such programs to
lower costs and increase efficiency, the operating
cost of materials recovery is less than for refuse
collection and disposal in most of our 30
communities for which this information is available.

Chart 8.8 compares materials recovery O&M
collection and processing costs to refuse collection
and disposal costs. For most of the communities,
refuse collection and disposal costs are significantly




Table 8.20
Shared, Pre-existing, and Retrofitted Equipment

Berkaley, CA
Berlin Townehip, NJ

Boulder, CO
Bowdoinham, ME
Columbia, MO
Dakota County, MN
Fennimore, Wi

La Creacent, MN
Linooin, NE
Linooin Park, NJ
Meokienburg Co, NC

Monros, Wt

Naparville, L

Newark, NJ

Takoma Park, MD

Upper Township, NJ
Wapakonsta, OH

West Linn, OR

West Paim Baach, FL

Note:

Boﬁebyumapmhrm.mmmhemm.hrwdmwedbctbn.

Foreollecﬁon.aloadorlsused5%brrocyulhgand95pemenlerPWusa:a1-bndumpmkisused20
percent lor recycling andBOpercanHoroomposting:aFordsssbackhoeloaderlsmedwpemsntlor
recycling, 15 percent for composting, and 50 percent for DPW use; a dump truck is used 35 percent for
recydiing, 15percantloreompoclhg,andSOpemmforDPWun;nFordFaoomtnnkis used 35
percent for recycling, 15poreontloroomposllng.mdSOpommlorDPWme;aau—tondwnprudtisuud

50pemamIorrocyclngandSOporcemDPWuse;asld&ebodymmptruckisusedsopereanliorrecyeﬁng
and 50 percernt for DPW usa.

Fourlront-ondloadarsaremodnkperconloﬂhelinoand@truchareusodsbtp«mloﬂtnﬁmebr
mulching. Thoremainderoitheﬁme.ltnequbmenmmadbytho DPW,

Aoonvorthhevytifetruck,whichmpmduasodpﬂortomometolmeprogm,ismdbrmﬂng
recyclables.

A 25-cubic-yard packer truck, which was used by the DPW lor retuse collection prier 1o the inilation of the
recycling program, is ulilized for collection of recyclables and compostabies,

For the office paper collection program, & used truck was purchased,
For collaction of recyclables, a beer/pop truck wae purchased and retrofitied. A dump truck is used 10

percent of the ime for compost collection; the rest of the time it is used by the DPW. An end-loader,
which was purchased prior 1o the onset of the composting program, is used for composting.

A front-end loader is used for compost 40 percent of the time: the rest of the time it is used by the DPW,

A tront-end Joader is used for composting 10 percent of the ime. The rest of the time, the loader is used by
the DPW.,

Adumplmdthuaed30peruanlloreollocﬁngrecyclablesand30pemnlloroollocing yard wasie. The
remainder of the ime it is used by the DPW,

Two Mack roll-ofis are used 75 percent of the time, and throe 24-cubic-yard front-end loaders are used 90
percent of the time at the recyciing drop-off. The rest of the time, the equipment is used by the DPW.

Two dump trucks ysed for collecting mcydabloswmownedpriortomaomlolmomcyclingprogram;a
paekefruckuﬂﬂzodloryardwastaoollecuonisusod‘rspercentoflhetima(he res| of the ime it is used by

ﬂ'noDPW)andwaspurehasedbeiore!heonseloﬂheoommﬁng program.

A dump truck i usad for composting and sireel maintenance. Two vacuum sweepers are used lor yard
waste collection 20 percent of the time; the res! of the lime they are used by the DPW.

A 31-cublc-yard packer truck, which was purchased before the onsat of the program, is used for collecting
recyclables. A chipper is used for composting six percent of the time; the rest of the time i is used by the
DPW.

Three compactor trucks are used 10 percent of the time for collecting recyclables and 10 percent for collecting
yard waste. The rest of the time, they are used by the DPW. The equipment was acquired before the
program began.

A chipper is used for composting 10 percent of the time and the rest of the fime by the DPW.

A dump truck is used for yard waste collection 10 percent of the ime (the rest of the time it is used by the
DPW). A 20-cubic-yard packer truck, bought Prior 1o the onset of the commercial waste recycling program, is

used lor collecting old corrugated cardboard.

A 20-cubic-yard packer truck is used for collecting recyclables 20 percent of the time; the rest of the time it is
used by the DPW.

A flat-bed truck is used for colleciing recyclables 40 percent of the time; the rest of the time it is used by the
DPW.

“Percent of the ime" refars to the proportion of time the equipment is in usa.




Chart 8.8
Net O&M Cost for Materials Recovery Collection and Processing
Versus Refuse Collection and Disposal

E Per Ton Retuse
Collection and

$ per ton

Weat Linn
Naperville
Providence

Takorma Park

exciude adminisirative overhead.

Notes: Some communities are missing from chart because either their refuse collection and disposal costs or their net O&M per ton collection
and procassing cost were not available. The per ton refusa collection and disposal cost and the net per ton O&M costs for materials racovery

Disposal Cost
Per Ton Materials

Recovery
Collection and
Processing Cost

Monroe
Sesttle
Peorkasio

Lincoln Park B2

Weat Paim Beach
Berin Township [

higher than the costs for recovery of recyclables and
compostables, especially in areas where tipping fees
are high, such as Lincoln Park, Upper Township,
and West Palm Beach, where 1990 per ton tipping
fees were $119, $89, and $84, respectively. In the
few areas where costs were lower for refuse
collection and disposal than for the materials
recovery program, tipping fees were generally quite
low—$14 per ton in Providence (1990), $10 per ton
in Austin (1989), free for 3 months in 1990 and $32
per ton the remainder of the year in Fennimore,
$15 per ton in Monroe (1989). Worth noting is
Monroe’s calculated savings of $154,000 per year
through the 15-year life extension of its landfill due
to recycling as well as waste compaction at the
landfill.

In Berlin Township, the collection cost for
materials recovery is the same as for refuse
collection and disposal, but the Township has to
pay to market its waste paper ($10 for every ton

recycled). Thus, the cost savings are really in the
avoided tipping fee, which was $65 per ton in 1990.

When the Report on Future Expansion of the City
of Philadelphia Recycling Curbside Collections was
issued in July 1991, Philadelphia’s per ton cost for
recycling was beginning to decrease, approaching
that for refuse collection and disposal. The total
cost for recycling was $134 per ton in the northeast
section of the City and $201 per ton in the
northwest section. Refuse collection costs were
$134 per ton and were projected to increase to $137
in FY 1992, Since July 1991, the cost of recycling
has dropped further and come within range of the
cost of collecting refuse, spurring a decision to
expand curbside collection into a new section of the
City. The realization that recycling can be cost-
effective compared to refuse collection and disposal,
has also led Philadelphia to research methods of
increasing its recycling program’s efficiency.
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Conclusion

This chapter has examined the major factors
that determine how much a community will have
to spend to recover its waste. While there is much
varjation in the cost of materials recovery,
communities can lower the cost of their recycling
programs, and consequently their solid waste
systems, by improving the efficiency and design of
these programs. While in most cases cities incur
additional capital and operating expenses when
implernenting materials recovery, as the tonnage
recovered increases, materials recovery no longer
Operates as an add-on program but rather can begin
to replace a city’s refuse collection and disposal

Notes

infrastructure. Improved market conditions for
recyclables, resulting from increased demand for
recycled goods, will also serve to lower net
materials recovery costs. Yet, materials recovery
programs do not have to pay for themselves.
Eliminating refuse collection and disposal costs are
driving the cost-effectiveness of recycling and
composting programs. Where disposal costs
remain low, collecting and processing recyclables
alone may not be cost-effective. Waste prevention
initiatives, yard waste composting, and attracting
local manufacturers to use collected scrap may help
improve the cost-effectiveness of overall recovery
programs.

"This chapter does not provide a comprehensive assessment of the costs of other solid waste systems, nor does it
detail all the monetary, environmental, and social benefits associated with materials recovery.

?Per ton costs were calculated by dividing annualized capital costs by the annual tonnage recovered that the costs

cover. Collection equipment was annualized over a 7-year period, while processing equipment was annualized over
a 10-year period. Financing rates and actual pay-back periods were utilized only for those few communities incurring
such fees. In Austin, Eager Beaver truck and trailers were financed with a 5-year loan at 10.67%. In Lincoln Park,

roll-off truck was amortized over 5 years at a 6% interest rate;

at an 8.5% interest rate.

equipment for Philadelphia was amortized over 5 years

*In most cases, data represent communities’ actual recycling and composting expenses; in a few instances, communities
P! yclng P g expe! ;
provided estimates of the percentage of their public works budget devoted to recycling and composting activities,

‘In Table 8.11 per ton revenue represents the total revenue received by a community from the sale of recyclable and
compostable materials divided by the total tonnage of materials recovered.

SLincoln Park's capital investment is lower than Fennimore's, but its costs only cover a chipper for Christmas trees.

*Costs shown in Chart 8.1 for West Linn represent drop-off program costs only, since curbside collection is carried

out by the private sector.

"Due to inadequate information, the costs for private collection are not evaluated here. These costs are incurred directly
by residents, and in most cases, are covered by refuse collection fees.

8Curbside recycling bins comprise a large percentage of Lafayette’s capital costs. Many communities with contracted
service do not incur the cost of bins. This cost may become less significant as the program recovers more material.

*This excludes the cost and tonnage of the City’s publicly sponsored but privately collected food waste recovery program,
which, at $67 per ton, would lower O&M recycling costs to $158 per ton and total costs to $242 per ton. Both recycling
totals exclude an unknown amount of administrative expenses incurred by the Department of Sanitation.

1Seattle recently renegotiated its contract. In 1993 Waste Management will receive $78 per ton and Rabanco will
receive $84 for the collection and processing of recyclable materials. These amounts will be adjusted in accordance
with changes in the market price for recyclables. The City anticipates that with predicted improvements in paper
markets, the actual per ton cost for recycling will be $71 to $72.

"'Wapakoneta, Peterborough, and Lincoln Park have drop-off programs. The Borough of Lincoln Park collects newspaper
at curbside, and Peterborough has limited private sector curbside service.
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2] afayette’s low cost of $39 per ton does not represent actual program costs. The Recycling Foundation, a nonprofit
organization formed by two owners of a local bottling plant, renegotiated its contract with the City the following
year and its contract fee tripled.

13The average cost to collect and process recyclables in Rhode Island is estimated at $126 per ton; disposal of residue
cost $44 per ton; and lost revenue due to broken glass is estimated at $30 per ton in 1991. For every ton of glass
collected for recycling that is actually landfilled, Rhode Island loses $200. Janet Keller, “The nitty-gritty of glass recycling:
Reducing glass breakage in collection and processing,” Resource Recycling, February 1992, 46-55.

Hhid.

15According to the Assistant Commissioner of Transportation in New York City, a City that uses glassphait in paving
projects, glassphalt replaces a maximum of 10 percent of the total crushed aggregate added to paving material, and
virgin-material-based aggregate is valued at only $10 to $12 per ton. Clear cullet price is for the East Coast. Recycling
Today, Municipal Edition, February 1992; and Assistant Commissioner Most, New York Department of Transportation,
New York City, personal communication, May 1952,

16“Privatizing Municipal Waste Services: Saving Dollars and Making Sense,” National Solid Waste Management
Association, Washington, DC, undated.

7See footnote 10.

8n 1992 Berkeley negotiated a 7-year, $9.7 million contract with the Ecology Center for the provision of curbside
recycling services to the City.

YWhile this arrangement benefits the City of Berkeley, it has not always benefited Urban Ore, which has found that
surrendering 10 percent of gross revenues may cause a net loss, especially when gross costs approach gross revenues.
A fairer arrangement might be based on a percentage of net revenues.

©Monroe purchased a compartmentalized vehicle with an on-board compactor in October 1991.
N“Portland Puts Plastic Grinders On Trucks,” Recycling Today, June 1991.

2Berlin Township does not weigh its yard waste. It converts volume to weight using conversion factors supplied
by the State of New Jersey Department of Environmental Protection. See Appendix C. National conversion factors
are more conservative than these New Jersey figures. Using more conservative figures (500 pounds per 1 cy of
compacted leaves) would raise Berlin's collection costs to $9 per ton.

BBerlin Township does have to pay private waste paper recyclers to take its waste paper. The County facility does
not handle paper. Takoma Park did not start using the Montgomery County processing facility until September 1991,
soon after it opened. This facility also does not accept waste paper. The processing costs provided for Takoma Park
jn Tables 8.13 through 8.17 and in Charts 8.1 and 8.2 reflect costs in 1990, when the City paid a hauler to recycle
its commingled food and beverage containers.

%The $8 per ton figure for Philadelphia is based on a weighted average. The City delivers its curbside recyclables
to two processing facilities. The City is charged $30 per ton at the PTRC and receives $5.08 per ton at The Forge.

LPre-existing equipment is excluded from capital cost figures listed in this chapter.
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Appendix A
Data Definitions
and Methodology

The data presented in this report are extracted from detailed case studies of recycling and composting
programs in 30 US. communities. These case studies are published in three volumes by the Institute for
Local Self-Reliance as In-Depth Studies of Recycling and Composting Programs: Designs, Costs, Results. Each
case study presents detailed information on each community's demographics, annuat solid waste generation
and recovery, recycling and composting activities in the residential and commercial and institutional sectors,
annual amount and breakdown of materials recovered, education and publicity, collection and processing
equipment and costs, operating and maintenance costs, and future solid waste management plans.

Communities may define the terms and calculate the amounts of waste and recycling in various ways.
To facilitate comparison among programs, we have utilized a uniform methodology wherever possible to
determine residential and commercial/institutional waste, municipal solid waste, and total waste generation
and recovery levels. See definitions given below. While this report goes to great length to ensure uniform
comparisons, in some cases due to the realities of communities’ data keeping such comparisons are not
possible. Appendix C briefly details for each community any assumptions made to calculate waste
generation and recovery rates. In-Depth Studies of Recycling and Composting Programs provides more detailed
information.

Cost data presented in tables reflect the costs incurred by the jurisdiction documented and do not
necessarily include all the costs incurred for recycling and composting operations. In many cases, for
example, the private sector undertakes recovery activities independent of the public sector. All capital
cost data have been converted into constant 1990 dollars using producer price indices, except where
otherwise indicated.

The following definitions apply to this report only and are not meant to represent industry-wide
definitions.
Annualized Capital Costs — capital costs have been converted to annual costs by assuming a 7-year
amortizaton period for collection equipment and a 10-year amortization period for processing equipment.
In most of the communities, equipment was paid in full at the time of purchase; thus in these we have

used no interest rate. For the few communities that did finance their equipment, we have used their actual
interest rates and pay-back periods. See Table 8.3 notes.

Base Year of Study — the 12-month period over which tonnage, cost, and other program characteristic
data apply. Tonnage and cost data are reported on an annual basis and are largely for fiscal year or
calendar year 1990, except where noted otherwise in tables. For example, see Table 1.1. In some cases,
recent changes in program design and operations are noted in table footnotes.

Co-Collection — curbside collection of refuse and source-separated recyclables simultaneously in the same
vehicles. See side bar, pages 138-139.

Collection Capital Costs — costs of acquiring equipment used to collect recyclable or compostable materials.
If equipment predated the program, its cost is excluded.
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Commercial/Institutional Waste Recovered, Disposed, and Generated — the annual tonnage of waste
recovered, disposed, and generated by the commercial and institutional sectors (excluding medical wastes).
The commerdial sector includes theaters, retail establishments, hotels, and restaurants. The institutional
sector includes hospitals and schools.

Commingled Collection — collection programs in which residents are required to place glass, metal and
plastic containers in a single receptacle.

Composted Waste — discarded organic materials processed into a soil amendment, fertilizer, and/or mulch.

Composting — recovering discarded organic materials for processing into a soil amendment, fertilizer, and/
or mulch.

Composting Rate — the tonnage of source-separated organic materials collected for composting divided
by the tonnage of waste generated (waste composted, recycled, plus disposed). West Palm Beach's
composting rate excludes noncompostable residue materials collected in yard waste collection routes.

Construction and Demolition (C&D) Debris Recovered, Disposed, and Generated — the annual tonnage
of waste recovered, disposed, and generated as a result of construction and demolition activities. This
waste may include concrete, asphalt, tree stumps and other wood wastes, metal, and bricks. {While C&D
waste often burdens municipal solid waste collection and disposal systems, the U.S. EPA and the National
Recycling Coalition exclude C&D debris from the definition of municipal solid waste.)

Deposit Containers Recycled — the annual tonnage of beverage containers recycled as a result of state
or local bottle bills.

Disposed Waste — waste landfilled or incinerated.
Generated Waste — sum of waste recovered and waste disposed.

Grasscycling — leaving grass clippings on mowed lawns in order to avoid collection and disposal of this
organic material.

Intermediate Processing — preparing collected recyclable materials for end-use manufacturing. Processing
typically includes sorting, contaminant removal, and crushing or baling.

Mandatory — whether citizens are required to source-separate materials for recycling. In several
communities, citizens may be required to set out certain materials at curbside for recycling. In others
it may simply be illegal to set these out with refuse. Not all materials collected are designated as mandatory.

Municipal Solid Waste {(MSW) Recovered, Disposed, and Generated — sum of residential and commercial/
institutional wastes recovered, disposed, and generated. In some cases, MSW also includes deposit containers
recovered, yard waste composted from landscapers, and waste self-hauled to disposal and recovery facilities.
MSW excludes construction and demolition debris and manufacturing wastes.

Municipal Solid Waste (MSW) Recovery Rate — see Percent MSW Recovered.

Operating and Maintenance (O&M) Costs — ongoing expenses that include such items as equipment leasing
and maintenance, utilities, labor, administrative expenses, licenses, supplies, insurance, residue disposal,
marketing fees, contract fees, and publicity programs. In this study, materials recovery O&M costs are
broken down into four basic categories: collection, processing and marketing, administration, and education/
publicity.

Participation Rate (%) — the portion of households served that take part in the curbside collection program
for recyclable materials. Refer to the case studies in In-Depth Studies of Recycling and Composting Programs:
Designs, Costs, Results (Washington, DC: Institute for Local Self-Reliance, 1992), for an explanation of the
specific method of calculation.
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Per Ton Costs — these represent costs on a per ton basis and are calculated by dividing the annual tons
recovered due o the program itself into annual program costs. For instance, Newark's per ton operating
and maintenance collection cost of $112 is based on the tonnage collected through publicly sponsored
recycling activities, not on the total tonnage recovered in the City. Tables specify what costs represent;
that is, total operating and maintenance costs, collection costs alone, total gross costs including annualized
capital costs, or net costs. Net cost was calculated by subtracting revenues from the gross cost.

Percent C&D Recovered — construction and demolition debris recycled and composted divided by the
total C&D debris generated (based on tonnages).

Percent Commercial/Institutional Materials Recovered — the sum of commercial and institutional materials
recycled and composted divided by the total commercial and institutional waste generated (based on
tonnages). See definition for Recovery Rate.

Percent MSW Recycled, Composted, and Recovered — the portion by weight of municipal solid waste
generated that is recycled, composted, and recovered (based on tonnages). See definitions for Recycling
Rate, Composting Rate, and Recovery Rate.

Percent Residential Materials Recovered — the sum of residential materials recycled and composted divided
by the total residential waste generated (based on tonnages). See definition for Recovery Rate.

Percent Total Waste Recovered — the sum of MSW and C&D materials recycled and composted divided
by the total waste generated (based on tonnages). See definitions for MSW, C&D, and Total Waste.

Private Sector Waste — waste collected by private haulers independent of the public sector. This typically
includes waste generated by commercial and institutional establishments and large multi-unit households.
Where indicated, private sector waste may also include C&D debris. See Appendix C for community-

specific information.

Processing Capital Costs (Composting) — costs of acquiring equipment used to process—compost, chip,
or mulch—organic materials. Processing or composting equipment typically includes shredders or chippers
and front-end loaders. If equipment predated the program, its cost was excluded.

Processing Capital Costs (Recycling) — costs of acquiring equipment used to process recyclable materials
in preparation for marketing to end users. Processing typically includes sorting, contaminant removal,
and crushing or baling. If equipment predated the program, its cost was excluded.

Public Sector Waste — waste collected by public crews or by private haulers under public contract. This
typically includes waste generated by single-family households and small multi-unit buildings. Public sector
waste may also include waste generated by small businesses. See Appendix C for community-specific
information.

Recovered Waste — sum of waste recycled and waste composted.
Recovery Rate — the sum of materials recycled and composted divided by the waste generated.

Recycled Waste — discarded products and packaging materials recovered for reuse and/or processing into
new products. (For two-thirds of the communities documented the tonnage of recycled waste represents
materials collected for recycling.)

Recycling — recovering discarded products and packaging materials for reuse and/or processing into new
products. In this report, recycling does not include composting.

Recycling Rate — the tonnage of material collected for recycling—generally including any material rejected
during processing—divided by the tonnage of waste generated. (If rejected material is subtracted, recycling
rates may drop by 1 to 2 percent for these communities. Approximately one-third of communities were
able to provide data on actual tonnages marketed after processing. For these communities, recycling rates
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were calculated using marketed tonnages. See Appendix C. No communities reported having to dispose
of collected materials, but a few reported needing to store certain recyclables until market conditions
improved.)

Refuse — waste destined for disposal facilities (incinerators or landfills).

Reject Rate — the percentage by weight of recyclables or compostable materials entering a processing of
composting facility that is disposed of as residue.

Residential Waste Recovered, Disposed, and Generated — the annual tonnage of waste recovered, disposed,
and generated from single-family and multi-unit residences and their yards. In some communities,
residential waste cannot be separated from commercial/institutional waste. See Appendix C for further
clarification.

Salvage/Reuse — the repair, refurbishing, washing, or just the simple recovering of discarded products,
appliances, furniture, and building materials for use again as originally intended.

Segregated Collection — programs in which residents are required to set out food and beverage containers
in two or more receptacles.

Self-hauled Waste — waste brought to recovery or disposal sites by residents or business/institutional
establishments. This waste cannot be divided into residential and commercial/institutional.

Source Reduction — waste prevention; that is, avoiding waste generation.

Source Separation — segregation of recyclable materials or yard waste from mixed waste on the household
ot business level to facilitate recycling and composting of these materials.

Tipping Fees — the fees charged to haulers for delivering materials at recovery or disposal facilities.
Total Recovery Rate — see Percent Total Waste Recovered.

Total Waste Recovered, Disposed, and Generated — the sum of MSW and C&D debris recovered, disposed,
and generated.

Year Data Collected — indicates the base year of study. Data typically pertain to 1990. Where indicated,
data may represent 1989 or 1991 program year conditions.
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Appendix B
Community Contacts

Austin, Texas

Alan Watts, Manager, Waste Reduction Programs Environmental and Conservation Services Dept.
City of Austin Solid Waste Services
P.O. Box 1088, Austin, TX 78767, Phone (512) 47240500, Fax (512) 4820696

Jim Doersam, Composting Manager, Austin Wastewater Treatment Facility
2210 S FM 973, Austin, TX 78725, Phone (512) 929-1001

Barbara Nagel, Director, Austin Community Gardens
4814 Sunshine Drive, Austin, TX 78756, Phone (512) 458-2009

Peter Altman, Ecology Action
210 Industrial Blvd. # B, Austin, TX 78745, Phone (512) 326-8899

Gail Vittori, Chairperson, Austin Solid Waste Advisory Commission
C/O Center for Maximum Potential Building Systems
8604 F.M. 969, Austin, TX 78724, Phone (512) 928-4786

David Anderson, President, ACCO Waste Paper
P.O. Box 6429, Austin, TX 78762, Phone (512) 385-7600

Kimberly Thompson, Conservation Representative, Environmental and Conservation Services Dept.
City of Austin Solid Waste Services
P.O. Box 1088, Austin, TX 78767, Phone (512) 472-0500

Berkeley, California

James Liljenwall, Recycling Program Manager, City of Berkeley—Public Works Department
2180 Milvia Street, Berkeley, CA 94704, Phone (510) 644-6506, Fax (510) 644-8641

Kathy Evans, Program Director, Community Conservation Centers
2530 San Pablo Ave.,, Suite F, Berkeley, CA 94702, Phone (510) 524-0113

Chris Clarke, Recycling Information Coordinator, Ecology Center, Inc.
2530 San Pablo Ave., Berkeley, CA 94702, Phone (510) 548-2220

John A, Williams, Sales Manager, American Rock & Asphalt, Inc.
961 Western Dr., Richmond, CA 94801-3798, Phone {510) 233-8362, Fax (510) 970-7714

David Stern, Urban Ore, Inc.
1325 Sixth Street, Berkeley, CA 94710, Phone (510) 526-7080, Fax (510) 235-0191

Fred Remington, Manager of Southwest Operations, Recycled Wood Products
Berkeley, CA 94710, Phone (510) 525-4557, Fax (510) 525-6202

Nancy Skinner, City Council Member, City of Berkeley
2180 Milvia St., Berkeley, CA 94704, Phone (510) 644-6359

Appendix B: Contacts 149



 Waste Prevention, Recycling, and Composting Options: Lessons from 30 ULS. Communities . e

Berlin Township, New Jersey

Mike McGee, Recycling Coordinator, Director of Public Works Township of Berlin
170 Bate Avenue, West Berlin, N] 08091, Phone (609) 767-5052, Fax (609) 767-6657

Boulder, Colorado

Alison Peters, Assistant Director, Environmental Affairs, City of Boulder
P.0O. Box 791, Boulder, CO 80306, Phone (303) 441-3090, Fax (303) 441-4478

Brad Landers, President, Green Mountain Recycling Services
2750 Spruce St., Boulder, CO 80302, Phone (303) 442-7535

Eric Lombardi, Executive Director, Eco-Cycle
P.O. Box 4193, 5030 Pearl Street, Boulder, CO 80306, Phone (303) 444-6634

Jack Debell, Director, University of Colorado Recycling
Campus Box 207, Boulder, CO 80309, Phone (303) 492-8037

Suzanne Gripman, Recycling Coordinator, Western Disposal Services
5880 Butte Mill Road, Boulder, CO 80301, Phone (303) 444-2037, Fax (303) 444-7509

Bowdoinham, Maine

David Berry, Solid Waste Manager
RFD 1, Box 1410, Bowdoinham, Maine 04008, Phone (207) 666-3228

Steve Dyer, Town Manager
P.O. Box 85, Bowdoinham, ME 04008, Phone (207) 666-5531

Columbia, Missouri

Cheryl L. Crafton, Waste Minimization Coordinator, City of Columbia, DPW
701 E. Broadway, PO Box N, Columbia, MO 65205, Phone (314) 449-9641, Fax (314) 874-7132

Dave Allen, President, Civic Recycling
3300 Brown Station Road, Columbia, MO 65205, Phone (314) 474-9526

Dakota County, Minnesota

Warren Wilson, Solid Waste Planner, Dakota County
14955 Galaxie Avenue, Apple Valley, MN 55124, Phone (612} 891-7030, Fax {612) 891-7031

Gayle Prest, Recycling Specialist, Dakota County
14955 Galaxie Avenue, Apple Valley, MN 55124, Phone (612) 891-7020, Fax (612) 891-7031

Fennimore, Wisconsin

Margaret A. Sprague, City Clerk City of Fennimore
860 Lincoln Avenue, Fennimore, Wisconsin 53809, Phone (608) 822-6119, Fax (608) 822-6007
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King County, Washington

Cheryl Waters, Project Manager, Backyard Composting Program
King County Department of Public Works, Division of Solid Waste Management
600 Yesler Building, 400 Yesler Way, Seattle, WA 98104, Phone (206) 296-4481, Fax {206) 296-0197

Jeff Gaisford, King County Public Works Solid Waste Division
400 Yesler Way, Room 600
Seattle, Washington 98104, Phone (206) 296-4484, Fax (206} 296-0197

Susan Gulick, Waste Reduction and Recycling Manager, Department of Public Works
400 Yesler Way, 6th Floor, Seattle, WA 98104, Phone (206) 2966542, Fax (206) 296-0917

Glenn Boettcher, Recycling Coordinator, City of Mercer Island
9611 SE 16th St., Mercer Island, WA 98040, Phone (206) 236-5329, Fax (206) 236-3651

Mr. Tang Vu, Department of Ecology
Mailstop PV-11, Olympia, WA 98504-8711, Phone (206) 438-7875, Fax (206) 438-7789

La Crescent, Minnesota

Nick Nichols, Recycling Specialist, Houston County Recycling
105 North Grant, Houston, MN 55943, Phone (507) 896-2535

Dave Harter, Manager, Waste Management Inc.
415 Island, La Crosse, Wisconsin 54601, Phone (608) 784-1095

Jerry Martel, General Manager, Modern Clean-up Services
3019 Commerce Street, La Crosse, Wisconsin 54603, Phone (608) 781-6666

Marlene Butzman, City Clerk Administrator
315 Main Street, P.O. Box 142, La Crescent, MN 55947, Phone (507) 895-2595

Lafayette, Louisiana

Margan A. White, Supervisor, Solid Waste Reduction Programs/ Recycling Specialist
City of Lafayette, Environmental Quality Division
1515 E. University Avenue, Lafayette, LA 70502, Phone (318) 261-8544, Fax (318) 261-8041

Sheila Armsbruster, The Recycling Foundation
P.O. Box 92866, Lafayette, LA 70509, Phone (318) 234-0066, Fax (318) 234-6311

Lincoln, Nebraska

Gene Hanlon, Recycling Coordinator, Recycling Division of the Mayor’s Office
555 South 10th Street, Lincoln, NE 68508, Phone (402) 471-7043, Fax (402) 471-7734

Lincoln Park, New Jersey

Richard Lovallo, Recycling Coordinator, Municipal Building
34 Chapel Hill Road, Lincoln Park, New Jersey 07035, Phone (201) 694-6100, Fax (201) 628-9512

Paul A. Sarames, Management Specialist and Deputy Recycling Coordinator
Municipal Building
34 Chapel Hill Road, Lincoln Park, New Jersey 07035, Phone (201) 694-6100, Fax (201) 628-9512
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Mecklenburg County, North Carolina

Bill Warren, Division Manager, Recycling, Mecklenburg County Engineering Department
700 N. Tyron Street, Charlotte, NC 28202, Phone (704) 336-3873, Fax (704) 336-3846

Wayman Pearson, Director, Solid Waste Services Dept., CMG.C.
600 East 4th Street, Charlotte, NC 28202, Phone (704) 336-3410, Fax (704} 336-3497

Paul O’ Donnell, Facility Operations Manager, FCR/ Charlotte
300 Dalton Ave., Charlotte, NC 28206, Phone (704) 358-9875

Monroe, Wisconsin
Wayne Stroessner, Volunteer Coordinator, Monroe Area Recycling Committee
W7708 Highway B, Browntown, WI 53522, Phone (608) 966-3509

Nate Klassy, Director of Public Works
1110 18th Avenue, Monroe, WI 53566, Phone {608) 3254101

Steven Oleson, Green Valley Disposal
P.O. Box 927, Monroe, W1, Phone (608) 3254146

Naperville, lllinois

Kristina A. Kaar, Resource Recovery Manager, City of Naperville
P.O. Box 3020, Naperville, IL 60566-7020, Phone (708) 420-6088, Fax (708) 420-4100

Anne Aitchison, Executive Director, Naperville Area Recycling Center
P.O. Box 894, Naperville, IL 60566, Phone {708) 369-0860

Jeff Wilcox, Commercial Recycling Coordinator, Crown Disposal
1759 Elmhurst Road, Elkgrove Village, IL 60007, Phone (312) 242-1977

Amanda Rutter, Department of Environmental Concerns, Du Page County
421 North County Farm Road, Wheaton, IL 60187, Phone (708) 682-7130, Fax (708) 682-7374

Newark, New Jersey

Gregory Neverson, Municipal Recycling Coordinator, Office of Recycling
62 Frelinghuysen Ave, Newark, NJ 07102, Phone (201) 733-6683, Fax (201) 733-5961

Frank Sudol, Manager, Division of Engineering & Contract Administration Department of Engineering
920 Broad Street, Room 410, Newark, NJ 07102, Phone (201) 733-4356, Fax (201) 733-4772

George Wolfson, Recycling Enterprises, Inc., Distributors Recycling
PO Box 5250, 100 Franklin Square Drive, Suite 105, Somerset, NJ 08875-5250, Phone (201) 824-0404

Perkasie, Pennsylvania

Neil H. Fosbenner, Recycling Coordinator/Director, Public Works Department
311 9th Street, Perkasie, Pennsylvania 18944, Phone (215) 257-5065, Fax (215) 257-5010
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Peterborough, New Hampshire

John Isham, Town Administrator
1 Grove Street, Peterborough, NH (3458, Phone (603) 924-3201

David Boutwell, Waste Management, Inc.
PO Box 547, Peterborough, NH 03458, Phone (603) 924-6215

David Marshall, Governor’s Recycling Program, Office of State Planning
21/2 Beacon Street, Concord, NH 03301, Phone (603) 271-2155

Glen Shaw, Shaw Farms
Box 427 Mason Road, New Ipswich, NH 03071, Phone (603) 878-1403

John Schlim, Kodiak Recycling
P.O. Box 603, Peterborough, NH 03458, Phone (603) 924-8791

Philadelphia, Pennsylvania

Michael Harvey, Materials Procurement Office, Philadelphia Transfer and Recycling Center
3605 Grays Ferry Ave., Philadelphia, PA 19146, Phone (215) 467-2000

Seymour Kasinetz, Sanitation Program Coordinator
Roger Lansbury, Garbage Collection Supervisor, Streets Department
840 Municipal Services Blvd., Philadelphia, PA 19102, Phone (215) 686-5520

Tom Klein, Director of Education and Promotion, City of Philadelphia Recycling Office
1650 Arch Street, Suite 1710
Philadelphia, PA 19103, Phone (215) 686-5586, Fax (215) 686-5455

Jay Levin, Recycling Manager, Fairmount Park Composting Site, West Park
Philadelphia, PA 19131, Phone (215) 685-0109

Sam Lybrand, General Manager, The Forge, Inc.
Milnor and Bleigh Aves., Philadelphia, PA 19136, Phone (215) 335-0330

Robert Pierson, President, Queen Village Neighborhood Association
CH2M Hill, 1216 Arch St., Philadelphia, PA 19017, Phone (215) 563-4220

Robert Shisler, President, New Jersey Livestock Association
Fox Run Rd., Box 338, RD 4, Sewell, NJ 08080, Phone {609) 468-6915

Michael Smith, Manager of Resources and Special Projects
Hospital of the University of Pennsylvania
Philadelphia, PA 19104, Phone (215) 662-2584

Mjenzi Traylor, National Temple Recycling Center
1201 W. Glenwood Ave., Philadelphia, PA 19133, Phone (215) 787-2760

Steve Tilney, Acting Director of Planning, Philadelphia Recycling Office
870 Municipal Services Building
Philadelphia, PA 19102-1683, Phone (215) 686-5513, Fax (215) 686-5455

Portland, Oregon

Terry Peterson, Senior Solid Waste Planner, Metropolitan Service District
2000 SW First Avenue, Portland, OR 97201-5398, Phone (503) 221-1646, Portland, OR 97242
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Stan Kahn, Sunflower Recycling Cooperative
PO Box 42466, Portland, OR 97242, Phone (503) 238-1640

Bruce Walker, Recycling Program Manager, Portland Bureau of Environmental Services
1120 SW 5th Avenue, Room 400, Phone (503) 796-7772, Fax (503) 796-6995

Lissa West, Recycling Project Coordinator, Portland Bureau of Environmental Services
1120 SW 5th Avenue, Portland, OR 97204-1972, Phone (503) 796-7735

Providence, Rhode Island

John Reynolds, Recycling Coordinator, City of Providence
700 Allens Avenue, Providence, RI 02905, Phone (401) 467-8355

Carole O. Bell, Principal Environmental Planner, Department of Environmental Management
83 Park Street, Providence, RI 02903, Phone (401) 277-3434, Fax (401)277-2591

Terri Bisson, Recycling Planner, Dept. of Environmental Management
83 Park Street, 5th Floor, Providence, RI 02903, Phone (401) 277-3434

Susan Sklar, Recycling Program Planner, Rhode Island Solid Waste Management Corp.
West Exchange Center, 260 West Exchange Street, Providence, RI 02903,
Phone (401) 831-4440, Fax (401) 861-0830

Kent Waterman/Louis Vinagro, American Disposal
NEED/Vinagro Farms, 13 Greenville Rd., Johnston, RI (2919, Phone (401) 943-5719

Jim Simoneau, Macera Brothers of Cranston, Inc.
511 Pippin Orchard Rd., Cranston, RI 02921, Phone (401) 943-3330

San Francisco, California

Amy Perlmutter, Recycling Manager, San Francisco Recycling Program
1145 Market Street #401, San Francisco, CA 94103, Phone (415) 554-3400, Fax (415) 554-3434

Maureen Hart, West Coast Salvage and Recycling
1900 17th Street, San Francisco, CA 94103, Phone (415) 621-3840

Shelly Reider, Recycling Project Coordinator, San Francisco Recycling Program
1145 Market Street #401, San Francisco, CA 94103, Phone (415) 554-3400, Fax (415) 554-3434

Robert Besso, Sunset Scavenger, Tunnel Avenue & Betty Road
San Francisco, CA 94134, Phone (415) 330-1300, Fax (415) 330-1372

Marcia deVaughn, Solid Waste Planning Manager, City and County of San Francisco
Solid Waste Management Program
1145 Market Street #401, San Francisco, CA 94103, Phone (415) 554-3400, Fax (415} 554-3434

Kelly Runyon, Sanitary Fill
501 Tunnel Avenue, San Francisco, CA 94134, Phone (415)468-2442

Carl Grimm, Education Director, San Francisco League of Urban Gardeners
Phone (415)468-0110
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Lisa Bauer, Golden Gate Disposal Company
900 Seventh Street, San Francisco, CA 94107, Phone (415) 626-4000, Fax (415} 553-2905

Seattle, Washington

Raymond Hoffman, Jennifer Bagby, Solid Waste Utility
710 Second Avenue, #505, Seattle, WA 98104, Phone (206) 684-7655, Fax (206) 684-8529

Steve Spence, General Manager, Rabanco Recycling
P.O. Box 24745, Seattle, WA 98124, Phone (206) 382-1775

Marilyn Skerbeck, Recycling Specialist, Recycle America
7901 1st Avenue South, Seattle, WA 98108, Phone (206) 763-2437

Jim Jenson, Seattle Tilth (Master Composter Program)
4649 Sunnyside Avenue North, Seattle, WA 98103, Phone (206) 633-0224

Sonoma County, California

Michael Anderson, President, Garbage Reincarnation, Inc.
P.O. Box 1375, Santa Rosa, CA 95402, Phone (707) 584-8666

Paula Magyari, Sonoma County Department of Public Works
575 Administration Drive, Room 117A
Santa Rosa, CA 95403, Phone (707) 527-2231, Fax (707) 527-2620

Linda Medders, Empire Waste Management Co.
P.0. Box 697, Santa Rosa, CA 95402, Phone (707) 585-0291

Takoma Park, Maryland

Daryl Braithwaite, Recycling Coordinator, Takoma Park Department of Public Works
31 Oswego Avenue, Takoma Park, MD 20912, Phone (301) 585-8333, Fax (301) 270-8794

Jetf Kibble, Division Manager, Southeast Recycling
9001 Brookville Road, Silver Spring, MD 20910, Phone (301) 370-8004

Frank Johnson, Plant Manager, Eagle Maintenance Services
5941 Old Central Avenue, Capital Heights, MD 20743, Phone (301) 336-0800

Carol Kennedy Hurl, Recycling Coordinator/Project Manager :
Montgomery County Processing Center
101 Monroe Street, Rockville, MD 20850, Phone (301) 217-2380

Upper Township, New Jersey

Larry Bond, Recycling Coordinator, Upper Township Road Department
P.O. Box 205, Tuckahoe, New Jersey 08250, Phone (609) 628-2647

Mary Anne Fieux, Recycling Coordinator
Cape May County Municipal Utilities Authority P.O. Box 610
Cape May Court House, New Jersey 08210, Phone (609) 465-9026
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Diane Leonik, Planning and Development Coordinator, CMCMUA
P.O. Box 610, Cape May Court House, New Jersey 08210, Phone (609) 465-9026

Bridget O’Connor, Recycling Education Specialist, CMCMUA
P.0. Box 610, Cape May Court House, New Jersey 08210, Phone {(609) 465-9026

Fran Simsik, Assistant Solid Waste Manager, Operations and Management, CMCMUA
P.0. Box 610, Cape May Court House, New Jersey 08210, Phone (609) 465-9026

Wapakoneta, Ohio

Bob Sabo, Coordinator, Auglaize County Scout Recycling Center
922 Aster Drive, Wapakoneta, OH 45895, Phone (419) 738-4788

Rex Katterheinrich, Director of Public Service and Safety
102 Perry Street, Wapakoneta, OH 45895, Phone (419) 738-6111

Robert Gedert, Coordinator, Auglaize County Solid Waste Management District
Auglaize County Courthouse, P.O. Box 330, Wapokoneta, OH 45895
Phone (419) 738-7112, Fax (419) 7384713

West Linn, Oregon

Pamela Bloom, West Linn Disposal
820 7th Street, Oregon City, Oregon 97045, Phone (503) 654-4048, Fax (503) 6560320

Dennis Koellermeier, Operations Director of Public Works, City of West Linn
4100 Norfolk Street, West Linn, OR 97068, Phone (503) 656-6081, Fax (503) 656-8756

Kit Seeborg, Most Livable City Program, Multi-Family Recycling
4100 Norfolk Street, West Linn, OR 97068, Phone {503) 635-8085

Rob Gutheridge, K.B. Recycling
815 Washington Street, Oregon City, OR 97065, Phone (503) 659-7004

West Palm Beach, Florida

Kathy Duzan, Contract Compliance and Waste Statistical Management
Solid Waste Authority
7501 North Jog Street, West Palm Beach, FL. 33412, Phone (407) 640-4000, Fax (407) 683-4067

Richard Holliday, Assistant Director of Public Works
200 2nd Street, P.O. Box 3366,
West Palm Beach, FL 33402, Phone (407) 659-8047, Fax (407) 659-8039

Deborah Thatcher , Senior Program Coordinator, Office of Recycling Solid Waste Authority
7501 North Jog Street, West Palm Beach, FL 33412, Phone (407) 640-4000, Fax (407) 6834067
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Appendix C
Waste Generation Calculations

Waste generation rates used in this report are based on tonnage figures provided by recycling
coordinators and other local officials, who may have estimated the data or relied on other sources, such
as private haulers. Inseveral cases, communities measure materials in cubic yards and use conversion
factors to calculate tonnage figures. ILSR staff have estimated tonnage recovered, using commonly
accepted conversion factors, in a few instances when communities did not calculate tonnage figures.
(The Sample Conversion Factors in this appendix lists all conversion factors used.) Waste figures may
at times exclude untracked components of the waste stream. For example, residential waste handled
by the private sector is sometimes excluded from residential figures. See ILSR’s In-Depth Studies of
Recycling and Composting Programs: Designs, Costs, Results for further information on how tonnage
figures were derived. The following table provides a community-by-community summary of which
figures were estimated and how, and what, if any, component of the waste stream may be excluded.

Community Desctiption of Assumptions and Estimates Made for Calculating Waste Generation, and
Kentification of Any Untracked Waste Stream Components

Austin, TX Total waste disposed is based on an average state waste generation rate of 6.2 pounds of residential, commercial, and

is not tracked and thus is excluded from waste generation and recovery figures. Recyded tonnage represents marketed
material,

Berkeley, CA MSW generation figures provided by the City of Berkeley are based on 1988-89 annual data estimated from quarterly
wasle composition samplings. Because no major demographic or economic changes occurred in Berkeley betwoen 1989
and 1980, the City believes there has been no significant change in waste genaration rates. Figures for waste recoverad
are actual tonnage figures for FY 1991. MSW recycled tonnage represent marketed material. Annual tonnages of

Berlin Township,  Total MSWis basedona per capita waste generation rate of 0.6 tons per year, which is based on actual waste sampling

NJ undertaken at the Township's local landfill. The tonnage of commercial waste generated is untracked and is estimated
by subtracting residential waste figures from total MSW. Beiin Tawnship estimates wood waste and brush using
conversion factors of 5.5 cubic yards/ton for wood waste and 8.0 cubic yards/on forbrush. The figures forgrass ¢clippings
mulched is based on a conversion factorof 2.7 cubic yards/uncompactedton, The tonnage ofloaves compostadis based
on conversion factors of 2 cubic yards/ton of compacied leaves and 2.86 cubic yards/ton of vacuumed leaves,

Boulder, CQ Although the City of Boulder does not track actusl tonnages of waste disposed, the private contractor handling 80% of
the City's MSW and CAD disposed does track tonnages. Citywide figures are based on 125% of the contractor's
tonnages. Some of the materials collected at supermarkets for recycling are not tracked and thus exduded from waste
generation and recovery figures, The tonnage of brush chipped and recovered is based on a conversion factor of 300
Ibs./cubic yard, The tonnage figure for food waste recovered is based on a conversion factor of 900 Ibs./cubic yard. The
tonnage of Christmas troes is based on 20 Ibs Aree. Recycled tonnages represent collected material.
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Bowdoinham,
ME

Columbia, MO

Dakota
County, MN

Fennimora, Wi

King County, WA

La Crescent, MN

Lafayette, LA

Lincoln, NE

The Bowdainham Town Solid Waste Manager estimated the tonnage of MSW disposed from cubic yards using a
conversion factor of 250 [bs Jcubic yard, which was based on weighing a 1-cubic-yard pallet box of refuse three times
during 1990. The tonnages of leaves and grass dippings composted are based ona conversion factor of 500 Ibs Jeubic
yard. Thetonnage of recyclables includes 43 tons of depositcontainers, based on a State estimate that 7% of total waste
generated is recovered through the State botte bill, Recycled tonnage represents recycled material. Bacause MSW
contains material from only 15 businesses, Bowdoinham’s MSW data is frequently usedin this report in lieu of residential
figures, which are unavailable.

MSW figures are notavailable as C&D material is not racked separately from commercialinstitutional waste. Tonnage
figures for waste landfilled are extrapolated from the results of a 4-week weighing period in August 1988. While curbside
recycling tonnages are tracked, the tonnages of residential waste recovered through drop-off sites, deposit containers,
and recyclables coliected from the commercial sector are based on a study by a private consultant. The tonnage of
Christmas trees collected at curbside for recovery, and of grass clippings and leaves dropped off by residents and
landscapers at the City's mulch site are untracked and thus exduded from waste genetation and recovery figures. The
tonnage of 38,000 pallets recoveredwere estimated by a private consultant, who useda conversion factorof 30 lbs./pallet.

C&D disposed and recoveredis not available. Landscaping waste recovered cannot be broken down into residential and
commercialinstitutional but is included under total MSW, MSW includes tires. The tonnage of the 1,060 Christmas trees
recovered by private haulers is based on a County estimate of 15.1 Ibs.free.

MSW does not include bulky items such as tires and appliances. C&D is not tracked. Recydled tonnage represents
collected material. Grass dlippings, some leaves, gardenwaste, and food scraps—which are dropped oft by residents—
are composted together, tonnages are based on a conversion factor of 102 Ibs./oubic yard. The tonnage of leaves
collectod at curbside is estimated by ILSR staff using a conversion factor of 350 Ibs./cubic yard and using estimates by
the City that there were 48 truckloads of leaves in 1990 and 7.5 cubic yards/truck.

The Washington State Department of Ecology provided MSW waste recovered and disposed tonnage figures for King
County. (ILSR excluded 102,850 tons of ferrous scrap such as auto hulks that did not qualify as C&D or MSW.) C&D
waste figures are not available as this waste is handied by the private sector. The County estimated the tonnages of
residential, commarcialinstitutional, and self-hauled waste disposed by assuming 10% of total MSW disposed was from
self-haul sites, and 60% of the remaining tonnage was residential. Recycled tonnage typically represents marketed
material.

Bulky items disposed such as fumiture are included with residentia! waste landfilled. Tires, collected for recovery, are
bumed; tonnages are incuded with residential waste incinerated. The tonnages of grass clippings andleaves composted
are based on weights of grass clippings and leaves measured separately for 2 weeks in summer and in fall, the percent
of participating households in the drop-off program, and the total number of househoids. Recycled tonnage represents
marketed material.

CA&Dis not tracked. Tires are included in waste disposed. Lafayetie bases its yard waste tonnages ona conversion factor
of 500 Ibs Jeubic yard. Commercial/institutional recyclables contain a small amount of residential material recovered
through drop-off sites. Other commercial materials are recovered but not tracked {white goods, motor oil, batteries, and
scrap metal, pius old corrugated cardboard from many supermarkets). Recycledtonnage represents marketed material.

Some yard waste is self-hauled to a transfer station for composting; this tonnage is included in total MSW but not in

residential or commercialinstitutional. Tires are included in residential and commercial waste disposed. The tonnage

of recyclables are extrapolated from 1990 Lancaster County tonnage data. The Lincaln Office of Recyding estimates

:.:Ite 8593 of the n:cyclables racovered in Lancaster County are from the City of Lincoln. Recycled tonnage represents
cted material.
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Lincoln Park, NJ

Mecklenburg
County, NC

Monroe, Wi

Naperville, IL

Newark, NJ

Perkasie, PA

Patarborough,
NH

Philadelphia, PA

Porttand, OR

Rasidential waste figures reprasent wasie handled by the public sector only, which services one- to four-unit households
and condominiums. Rasidential waste excludes material generated by 6,500 multi-unit households (21% of total
households). Recyclables delivered to the drop-off by multi-unit households, businesses, and some other residential
Sources, are not included in residential waste figures. Commerdialinstitutional wasto disposed and recovered is not
tracked and are unavaitable. The tonnage of leaves composted was estimated by the City based on volume amounts.
The tonnage of Christmas trees was estimated by ILSR staff, based on 20 Ibs.ree. Recycled tonnage represents
collected material,

Public sector figures exclude large multi-unit buildings served by private haulers and include a small amount of material
from the commercial sector collectedat the municipal drop-off site. Private sector figures include multi-unit buildings and

Wasta generation and recovery figures are based on tonnage data from the Town Recydling Centor andthe hauler sorving
both the commercialiinstitutional sector and 80% of those residents whe do not use the Center. The breakdown of the
Centers materials into residential and commercialinstitutional figures is based on estimates by the Recycling
Coordinator that 95% of recyclables and refuse are residential. The City's hauler also collects C&D waste; tonnage
figures for this waste were based on volume amounts using 364 lbs./cubic yard.

Municipal solid waste can only be broken down into publicly collected waste and privately collected waste. Public sector
materials recovered are from 33% of all households up to six units in size, from block corners, drop-off sites, municipal
office buildings, and from Clty leaf collection programs. Waste disposed is collected from 524,505 single- to six-unit
households, businesses with less than six employees, and from municipal street sweepings. Private haulers serve
households with seven or more units and the commercial/nstitutional sector. Materials seif-hauled to landiills are
included with private sector figures. The tonnage of recyclable materials seif-hauled to drop-off centers or private scrap
yards is not tracked and thus not included in waste generation and recovery figures. Motor oil is collected throughout
the City for recovery; tonnages are also unavailable. Leaves and Christmas trees recovered are not weighed. Tonnage
figures are estimated by the City, based on the total number of trucks delivering leaves to the composting site.

Tonnages of waste recovered were calculated by City Recycling Office based on per capita recycling averages for the
matropolitan region. MSW incJudes deposit containers and bulky items such as white goods and wooden pallets but
excludes tires and construction debris. The lonnage composted represents source-separated yard waste composted
and does not include waste composted through the City’s mixed waste composting facility in 1990. Recyded tonnage
represents marketed material.
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Providence, Rl

San Francisco,
CA

Seattle, WA

Sonoma
County, CA

Takoma
Park, MD

Upper
Township, NJ

Wapakoneta,
OH

West Linn, OR

W. Paim
Beach, FL

Residontial waste recycled and disposed includaes only materials collected from one- to six-unit buildings and public
housing, and excludes refuse and recyclables from buiidings greater than six units (tonnage for which is not tracked and
thus notinciuded in waste generation and recovery figures). Commercialinstituional waste disposed and racovered was
estimated from 34 establishments that submitted recycling reports to the State. C&D waste is not tracked. Recycled
tonnage represents collected material.

Residential materials recovered include racyclable matorials collected at curbside, through drop-off and buy-back
centars, and some bulky items solf-hauled to the transfer station. Other recyclables self-hauled to the transfer station
are included in MSW but cannot be broken down into residential and commercialiinstitutional. Much of the data comes
from a wasta composition study of the City's wasie steam by a coneulting firm.

Commerdalinstitutional figures for waste recycled are based on City extrapolations from 1588 actual tonnages.
Materials self-hauled to the City’s transfer stations are included in MSW but cannot be broken down into residential and
commercial/institutional. C&D waste disposed is not tracked. Recycled tonnage represents marketed material.

MSW includes most bulky items such as white goods, office furniture, and tires. The tonnageof tires recycled is estimated
based on the County Recyding Coordinator's estimate that 30% of tires rocovered are ratread or reused, and 70% are
incinerated. ILSR used a conversion factor of 20 Ibs Aire to calculate tonnage. Recydled tonnage represents collected
material.

Only waste generation and recovery figures handled by the public sector, which is targely single-family residential waste,
are available. Residential waste figures include buildings of 12 units of less {2,936 househokds are in buildings greater
than 12 units—42% of total households.) The City Recycling Coordinator estimated the tonnage of leaves compostad
based on the number of full truck loads of leaves, the number of days leaves were collected, and a conversion factor of
500 Ibs.fcubic yard., Recycled tonnage represents collected material.

Waste generalion and recovery figures can only be broken down into publicly collected materials and privately collectad
materials. Public sector figures include recyclable materials from 3,780 single-family households, 80 households in
duplexes, and 222 businesses. Public sectorwaste disposed excludes the 222 businesses, this waste is handled by the
private sector. Private sector materials indude C&D waste. Recycled tonnage represents collected material.

MSW figures cannot be broken down into residential and commercial/institutional. MSW excludes bulky items such as
tires and wood waste. C&D waste is untracked. MSW recycled includes a small amount deliveredto the recyding center
by out-of-town residents. The City estimated the tonnage of refuse and recyclables collected from businesses by the
private sector. Tonnages of yard waste composted were estimated by the Ohio EPA and the City.

MSW figures are based on the former City Recycling Coordinator's estimate that 80% of total waste is MSW. MSWwaste
disposed cannot be broken down into residential and commercialinstitutional. Figures indude waste disposed and
recovered from 60 households on the cutskirts of West Linn and bulky items such as white goods. Per capita residential
waste generation rates have been calculated using an estimate provided by the former Racydled Coordinator that 87%
of MSW disposed is residential material. C&D is based on the former City Recydling Coordinator’s estimate that 20%
of total waste is C&D, and that 30% of this is recovered.

Waste generated includes bulky items such as tires and fumiture. Tonnage recovered by private buy-back centers and
scrap yards is not tracked and thus not included in waste generation and recovery figures. Recycled tonnage represents
marketed material.
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Sample Conversion Factors

MIXED MSw (compacted)

Conversions Used By Communities:
785 Ibs/cy (0.39 tons/cy) or 255 cy/ton
Source: Solid Waste Management Plan Revision, Sonoma Co., CA, May 19%0.
1ton/32 cy or 1 cy/625 lbs.
Source: Naperville, IL

Conversions Found in the Literature:
500 - 700 lbs/cy (0.25 - 035 tons/cy) or 28 -4 cy/ton
Source: Solid Waste Data: A Compilation of Statistics on Solid Waste Management Within the United States,
US EPA, August, 1981,
600 Ibs/cy (0.3 tons/cy) or 33 cy/ton
Source:  Association of New Jersey Recyclers (ANJR), Directory, 1987,

MIXED MSW (uncompacted)
200 Ibs/cy

Source: Solid Waste Data: A Compilation of Statistics on Solid Waste Management Within the United States,
US EPA, August 1981.

MIXED YARD WASTE (average compaction)

Conversions Found in the Literature:
600 Ibs/cy
Source: Yard Waste Composting, US EPA, April 1989.

Conversions Used By Communities:
620 Ibs/cy
Source: Recycled Wood Products, Berkeley, CA

650-750 1bs/cy
Source: Portland, OR

660 Ibs/cy
Source: West Palm Beach, FL

MIXED YARD WASTE (loose)

200-250 ibs/cy . or 9 cy/ton
Source: Portland, OR

LEAVES (average compaction)
500 Ibs/cy (320 - 500 Ibs/cy)
Source: Yard Waste Composting — A Study of Eight Programs, US EPA, April 1989.

450 Ibs/cy
Source: ANJR Directory, 1987.

1,000 1bs/cy

Source: New Jersey Department of Environmental Protection

LEAVES (vacuumed)
700 Ibs/cy
Source: New Jersey Department of Environmental Protection
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LEAVES (loose}
250 - 350 lbs/cy
Source: ANJR Directory, 1987.

CHIPPED BRUSH
500 Ibs/cy
Source: National Recycling Coalition, 1989

COMPOST (finished)
1,500 lbs/cy
Source: Yard Waste Composting, US EPA, April, 1989.

CHRISTMAS TREES
20 1bs/tree
Source: Summary of County-Wide Christmas Tree Recycling Project 1990-1991, Garbage Reincarnation, Inc,
Sonoma Co., CA.

15.1 1bs/tree
Source: Dakota County, MN

FOOD WASTE
500 Ibs/cy (residential)
800 - 1000 lbs/cy (commercial)
Source: Suhr, J.L., Higgins, AJ. and Derr, DA, Feasibility of Food Waste Recycling in New Jersey: Fourth
Quarterly Report to the Office of Recycling, 1984.

900 lbs/cy (commercial)
Source: AshevillefBuncombe County Solid Waste Alternatives: FPlanning Workbook, 1LSR, March 1685.

GRASS CLIPPINGS (Compacted)
1,090 Ibs/cy
Source. Naperville, IL

1,050-1,110 Ibs/cy
Source: New Jersey Department of Environmental Protection

WATER
8345 1bs/gal
Source: Lindeburg, Michael R, Engineering Unit Conversions, 2nd ed., 1990.

USED MOTOR OIL
7 bs/gal (6.5 - 7.5 lbs/gal)
Source: ANJR Directory, 1987. Range was arrived at by converting API gravity for 25-50% crude oil to
specific gravity (Perry’s Chemical Engineers’ Handbook, 6th ed.).

CONCRETE/ASPHALT (broken)
1.5 tons/cy
Source: American Rock and Asphalt, Richmond, CA.

MIXED WOOD WASTE (C&D)
364 lbs./cy
Source: New Jersey Department of Environmental Protection
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Because state and local government
expenditures represent approximately 13 percent of
the gross national product, local governments can
have substantial affect on the development of
recycled material markets.* Furthermore, by
purchasing recycled materials, local governments
can serve as models for local businesses to emulate,

Twelve of our communities have some type of
recycled-product procurement programs, ranging
from price preferences to requirements for
purchasing recycled or reusable materials. See
Table D. In Dakota County, Minnesota; King
County, Washington; Lincoln, Nebraska; Sonoma
County, California; and Newark, New Jersey, such
programs are mandated by law.

Model Procurement Program

As of December 1990, the City of Newark
adopted a comprehensive procurement ordinance
formalizing a mandatory preferential purchasing
policy. Purchasing Agents are required to review
their existing product and service specifications to
determine if the use of recycled and reusable

Appendix D
Procurement

products is excluded. The agents must incorporate
to the maximum extent practicable recycled
materials, reusable products, and products designed
to be recycled. Newark’s ordinance was adopted
to stimulate demand for materials it recycles. The
City uses, at the minimum, U.S. EPA guidelines in
its procurement process. The main products
targeted for procurement are paper, paper products,
retread tires, lubricating oils, and fly ash in cement
and concrete. For example, high-grade printing
and writing paper must have a 50 percent waste
paper content. For lubricating oils, hydraulic fluids,
and gear oils the minimum content is 25 percent.
In 1991 the City purchased over $200,000 worth of
recycled goods, or approximately 50 percent of all
purchases. It also purchases refillable laser
cartridges for laser printers.

In an effort to encourage the procurement of
products made from recycled materials, the City of
Newark and the New Jersey Public Interest
Research Group (NJPIRG) have joined forces to
promote this concept among mayors and municipal
purchasing agents throughout the State of New

Jersey.

*Schrader, Creating Markets: Key to Successful State and Local Recycling Programs, Center for Policy Alternatives, Washington,
D.C., November 1990, p. 4; and telephone conversation with Rich Braddock, Procurement Analyst, EPA, Washington,

DC., January 1991,
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Table D

Communities With Procurement Programs

Required

Community By Law (a) Type of Procurement Program

Austin, TX No City agencies have a 10% price preference for purchasing recycled products.

Berkeley, CA No The City has instituted a recycled product purchasing preference program.

Boulder, CO No The City has a 5% price preference to purchase recycled paper products.

Dakota County, MN Yes/County Gavernment offices are required to purchase recycled or reusable materials as
long as the cost does not excead 10% of the purchase price of unrecycled
materials.

King County, WA Yos/County A County ordinance was adopied establishing rules and policies for the
procurement of a range of recydled products inciuding paper products,
building insulation, retread tires, cement, cement concrete with fly ash,
and re-refinad oil for County agencies.

La Crescent, MN No The County allows a 10% price proference for the purchase of recycled paper
and other recycled products such as re-refined motor oil and recycled plastic
picnic tables.

Lincoln, NE Yes/State City depariments are required to purchase recycled paper.

Newark, NJ Yes/City There is a City ordinance requiring municipal agencies to purchase recycled

products to the maximum extent practicable.

Philadelphia, PA Ne The City allows a 10% price preference for recycled products for municipal
procurement.

Portland, OR No The procurement policy directs the City to purchase recycled motor oil,
compost, bark dust and retread tires whenever appropriate and available.
The City also has a 5% price preference for the purchase of recycled paper
products.

Seattle, WA No All City departments are directed to print lettorhead on 100% recycled paper.
Seattle's municipal offices procure envelopes and copier paper made from
recycled paper fiber.

Sonoma County, CA Yes/City (b) City offices are required to purchase recycled materials whenever practicable.

Notes:

{a) Indicates if there are state, county, of locally

mandated legislative requirements 1o procure supplies made from recycled malerials.

(b} A requirement of only the City of Santa Rosa, and Rohnart Park.
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Pilot study years

Total households

Set-out

Collection
(proposed)

Processing
{proposed for
full-scale program
—in pliot, dry
wastes were

hot processed)

Particlpation
Satisfaction

Convenience
Containers

Recovery

Results of Pilot Collection P
Collection and Processing

Table E.1

1989/90/91/92 (ongoing)
825

Two-Stream Separation

(1) Wet fraction—organic waste such
as food waste and yard waste; soiled
Paper, foil, plastic, and other materials;

diapers

(2) Dry fraction—recyclables and
nonrecyclables

Dual-compartmentalized packer trucks
used to co-collect wet and dry fractions

Wet fraction is taken to a composting
facility, where inorganic wet waste is
screened out and the remainder is
composted; dry waste is sent to a
sorting facility where recyclables are
Separated from non-recyclables.
Residuals from both the wet and dry
streams are landfilled.

High (99 percent)

High (82-88 percent of residents
slightly or very satisfied)

64 percent found system convenient

Preference for bins over bags. Bins
recovered slightly cleaner wet waste.

95.5 percent of organic materials
recovered (84 percent of wet waste
organic)

Appendix E
Guelph, Ontario's Wet/Dry Collection System:
Results and Projected Costs

rogram and Proposed
for Full-Scale System

Three-Stream Separation

(1) Wet fraction—organic waste
including food waste and yard waste

(2) Dry recyclables—including paper,
piastic, glass, and metal

(3) Residual refuse

Two vehicles utilized—one dual com-
compartment, one single compartment

(proposed)

Wet waste is taken o a composting
facilty; the dry recyclables are taken o
a recycling facility, and the refuse is
landfilled.

High (99 percent)

High (82-88 percent of residents slightly
or very satisfied)

62 percent found system convenient.

Preference for bins over bags. Bins
recovered cleaner wet waste.

83.1 of organic materials recovered
(97 percent of wet waste organic)
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Recovery

Marketabllity

Diverslon Rate
{with current markets)

Advantages/
Disadvantages

Source: Janet L. Laird, Waste Management Coordinator City Engi

February and July 1992.

Two-Stream Separation (cont.)

89.9 percent of potentially recyclable
material recovered clean in dry
container (52 percent of dry waste
recyclable)

g5.2 percent of recyclables recovered
were uncontaminated and marketable.

Compost meets rigorous proposed
Ontario and Canadian standards.

68 percent (with carts)

. Recovered a larger percentage (14
percentage more) of organic materials

. Recovered a larger percent (15
percent more) of recyclables

» Recyclables slightly more
contaminated and less marketable {but
total recovery still higher in two-stream)

« Greater flexibility. |f markets make it
unprofitable to recovera certain
material, sorting plant employees

can easily be trained not to pull

out this material

« Collection time and costs lower as
one vehicle is used to co-coliect wet
and dry fractions

« Considered easier to implement in
multi-unit dwellings and commercial
settings

» Requires greater emphasis on
source reduction to reduce the
amount of nonrecyclable,
noncompostable, and hazardous
material in wasle stream

- Requires separate collection of
household hazardous materials, since
all material is handled by workers.
Household hazardous can be more
gasily diverted from landfill.

Three-Stream Separation (cont.)

78.1 percent of potentially recyclable
material recovered clean (68 percent
of dry waste recyclable)

98.5 percent of recyclables recovered
were uncontaminated and markeiable.

Compost meets rigorous proposed
Ontario and Canadian standards.

62 percent (with carts)

« Recovered a smaller percentage of
organic materials

« Recovered a smaller percent of
clean recyclables

« Recyclables slightly (3 percent) less
contamination and more marketable
(that is, no longer is placed in garbage”
stream)

- Less flexibility in responding to
market changes; have to reeducate
population on sorting procedures
when an item becomes marketable

» Two collection vehicles utilized

+ Considered more difficult to
implement in multi-unit dwellings
and commercial settings

» Less emphasis on source reduction,
since nonrecyclable and
noncompostable materials are
landfilled as a third stream

» Separate collection of household
hazardous materials recommended,
but not imperative. Household hazard-
ous placed in garbage means it will
ultimately be landfilled.

neer's Department, Guelph, Ontario, personal communication,
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Number Serviced

Waste Generation
(projected for 2003)

Anticipated Diversion
(Marketed Materlal)

Collection
Caplital and Operating

Processing Dry Stream
Capltal Costs

Subtotal
Annual Throughput
Daily Throughput
(assuming 260 days of operation)
Capital Processing Costs

Processing Wet Stream
Capfltal Costs
Receiving

Processing

Subtotal
Annual Throughput
Daily Throughput
(assuming 260 days of operation)
Capital Processing Costs

Household Containers

Table E.2
Projected Costs for Guelph, Ontario’s
Two-stream Wet/Dry Collection Program(a)

130,000 peopla countywide (program will first be implemented in
Guelph, a city of 92,500 people and 24,000 single-family housseholds)

93,700 tons (84,999 metric tonnes) dry waste
63,900 tons {58,000 metric fonnes) wet waste
158,500 tons (142,000 metric tonnes) total processable waste

50 percent (at least)

Divided automatic side-loading packer trucks will probably be utilized to collact
both wet and dry fractions. Trucks are priced at $100,000 each. The City does
fiot currently know how many vehicles it will purchase, and may retrofit existing
trucks for some routes. Operating costs are anticipated to be the same as for
refuse collection. Each truck will be operaled by one crew member and will
service an estimated 400 households per day. (Current refuse runs service 500
to 700 households per truck per day.)

$3.2 million ($3.6 million Canadian) building
$5.5 million ($6.2 million Canadian) equipment
$8.7 million ($9.8 million Canadian)

93,700 tons

360 tons

$24,200 per TPD processed

$0.5 million ($0.6 million Canadian) building
$1 million ($1.2 million Canadian) equipment
$2.2 million ($2.5 million Canadian) building
$1.4 million ($1.6 million Canadian) equipment
$.05 million ($.25 million Canadian) bio fitter
$5.4 million ($6.2 Canadian)

63,900 tons

260 tons

$21,600 per TPD Processed

$97 each ($110 each Canadian)
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Grand Total Wet
and Dry Capital Costs

Annual Throughput
Daily Throughput (assuming 260
days per year of operation)

Grand Total Capltal Costs

Total Processing Operating
Costs for Wet and Dry (excluding
landfilling but including anticipated revenue
for recyclables and a zero dollar

revenue for compost)

$3.7 million dry

$5.4 milion wet

$2.4 million containers

$16.5 million

$34 miilion ($39 million Canadian) including land, administration building,
construction costs, mobile equipment, testing equipment , and household
hazardous waste drop-off site

156,500 tons (142,000 metric tonnes)

600 tons

$57,000 per TPD

$5.9 million ($6.7 million Canadian) per year—including collection costs of
$2.9 million
$38 per ton

Notes: $1 Canadian =$0.88 US., 1 metric tonne = 1.1025 short ton
(a) Guelph has not yet finalized its decision to implement a two-stream rather than a three-stream collection program.

Source: Janet L. Laird, Waste Management Coordinator City Engineer's Department, Guelph, Ontario, personal communication,

February and July 1992.
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