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Report Organization

This report, Data Summary of Municipal Solid Waste Management Alternatives, comprises 12
separately bound volumes. Volume I contains the report text. Volume II contains supporting exhibits.
Volumes III through X are appendices, each addressing a specific MSW management technology.
Volumes X1 and XII contain project bibliographies. The document control page at the back of this
volume contains contacts for obtaining copies of the other volumes.
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APPENDIX E
MATERIAL RECOVERY/RECYCLING TECHNOLOGIES

E.1 INTRODUCTION/OVERVIEW

In its 1989 report, The Solid Waste Dilemma: An Agenda for Action (295), the U.S. EPA advocated the
concept of integrated solid waste management, setting forth a hierarchy of solutions to the burgeoning
solid waste disposal crisis in the nation, namely: 1) source reduction and reuse; 2) materials recycling
and composting; 3) waste combustion with energy recovery; and 4) lanifill disposal.

At that time, the U.S. EPA aiso proposed a national source reduction and recycling goal of 25 percent by
1992. While a national goal was never established through regulatory action, by 1990, 28 states and the
District of Columbia had mandated ambitious recycling and waste management programs (776). The
recycling goals established by these states are outlined in Table E-1. In addition to the ultimate goals
listed in the table, many states have set interim goals as well. As noted, only a few states have separate
targets for source reduction or composting.

The enthusiasm for and commitment to recycling is based on several intuitive benefits (295, 772, 774):

Conservation of landfill capacity
Conservation of non-renewable natural resources and energy sources
Minimization of the perceived potential environmental impacts of MSW combustion and
landfilling
o Minimization of disposal costs, both directly and through material resale credits

In this discussion, "recycling” refers to materials recovered from the waste stream. I excludes scrap
materials that are recovered and reus ;d during industrial manufacturing processes and “prompt
industrial scrap,” i.e., scrap generated in a production process that can be returned to the basic
production facility for reuse (e.g., scrap ferrous and nonferrous metais) (723).

Materials recycling is an integral part of several solid waste management options. For example, in the
preparation of refuse-derived fuel (RDF), described in Appendix B, ferrous metals are typically removed
from the waste stream both before and after shredding. Similarly, composting facilities, covered in
Appendix G, often inciude processes for recovering inert recyclable materials such as ferrous and
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nonferrous metals, glass, plastics, and paper. While these two technologies have as their primary
objectives the production of RDF and compost, respectively, the demonstrated recovery of recyclables
emphasizes the inherent compatibility of recycling with these MSW management strategies.

TABLE E-1. STATES’ RECYCLING GOALS (776)

California 50% by 2000
Connecticut 25% by 1991
Delaware 30 by 1994 (4 )]
Dist. of Columbia 45% by 1994
Florida 30% by 1996
Georgia 25% by 1996 (2)
Itlinois 25% by 2000 (3)
Indiana 50% by 2001
lowa 50% by 2000
Louisiana 5% by 1992
Maine 50% by 1994
Maryland 20% by 1966 (&)
Massachusetts 56X by 20600 (5)
Michigen $0% by 2005
Hinnescta 5% by 1993
Nississippi 3% by 1996
Missouri 35% by 2000
New Hampshire 40X by 2000
New Jersey 5% by 1992
New Mexico $0% by 2000
New York 50% by 1997 (6)
North Carolina 25% by 1993
Ohio 25% by 1994
Pennsylvania 25% by 1997
Rhode I1sland maximm possible (7
Vermont 40X by 2000
virginia 5% by 1995
Washington 0% by 1995
West Virginia 30% by 2000

(1) The goal combines a 10 parcent recycling target
with 8 20 percent composting target.

(2) 25 pesrcent of 1992 per cepita waste generation.

(3) This gosl only applies to countries with populations
greater than 100,000.

(4) Twenty percent recycling is the optimum goal. Countries
with populations under 150,000 must recycle at teast 5X
of their waste.

(S) The goal calls for a 46 percent recycling rate and a 10%
reduction in 1990 per capita weste generation rate by 2000.

(6) The goal combines a 10 percent source reduction target
and & 40X recycling target. .

(7) Manicipalities must achieve a least 15X recyeling by 1993,
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Facilities that have as their primary function the processing and marketing of recyclables, received as
either commingled or source separated, are typically referred to as materials recovery facilities (MRFs).
MRFs can be operated in conjunction with drop-off centers, where community residents voluntarily
deposit recyclables, and/or buy-back centers, where the public receives payment for pre-sorted,
“pre-separated materials (769).

The designation "MRF" has aiso been extended to encompass the recovery of recyclables from mixed
municipal solid waste (723). In order to avoid confusion in terminblogy. a mixed waste MRF is defined
here as a materials recovery facility whose primary function is to separate marketabie recyclabies from
mixed municipal solid waste. This definition of a MRF excludes recycling as a part of RDF production
and composting, but' includes front-end processing systems for mass burn piants. These MRFs or
front-end processing systems (as they are more commonly called) serve not only to recover recyclables,
but also to minimize the introduction of glass or aluminum that can foul the combustor, and household
batteries that can lead to air emissions problems.

This appendix discusses several technology options with regard to serarating recyciables at the source
of generation, the methods available for collecting and transporting these materials to a MRF. the market
requirements for post-consumer recycled materials, and the process unit operations. Mixed waste
MRFs associated with mass bum plants are also presented.

E.1.1 Complexity of Recycling Decision-Making

Materials recycling alternatives involve a variety of technologies, each having technical, economic, and
institutional impacts. Any recycling appiication involves decisions on technologies for:
0 Collection
Materials separation and processing
Repackaging
Resale
Reprocessing and reuse as a consurmer or industrial product
Disposal of rejects from separation, processing and reprocessing

o O O o o

The§e decisions are highly influenced by such factors as waste quantities and qomposition, and
secondary (i.e., resale) market availability, as well as a variety of subtle institutional factors. Of the
non-technical factors, the level of citizen and industry participation, along with existing administrative
structures and traditions, are key determinants in the selection, initial success, and progress of a
recycling program. (774)
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A variety of factors must be considered in the conceptual design of a recycling program and its MRF
(723, 295, 773).

characteristics affect the economic and technical loasibility of materials recovery
strategies and technologies lncuadlng equipment selection and facility sizing. For
example, If bottle bill legislation exists, the quantity of aluminum beverage containers
that will end up in 2 MRF will be much less than i no such legislation were in effect.

These factors determine the

extent of generator panicbation and the processing steps required at a MRF. Modest
program objectives possibly can be accomplished by a combination of selective
targeting of recyclables and less capital intensive processing. Depending on the waste
composition and other factors, an ambitious program may require more pervasive
involvement of waste generators and higher degrees of processing 10 maximize
materials separation and recovery.

Higher degrees of recovered

material Quality, especially from the standpoim of contamination, may dictate generator
set-out protocols, collection methods, and processing altematives. The absolute
quantity of recyclable materials processed for resale also may affect marketabilty.
Large producers can seek volume uses and collaborate more on quality spacifications;
small recyclers typically must conform to the market norms.

esired and participa attainable. Determining the
expected deliveries to the MRF, regardiess of the form (source separated or mixed
waste) is essential to the sizing of the collection fleet and the MRF. In addition, the
reliability of material flows affect the processing efficiency, market commitments, and
financing arrangements. Deliveries to a MRF processing source-separated rnaterials
are a function of the waste generation rate, generator participation, and generator
separation efficiency  applicable).
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W,

. More ambitious recycling goals can be met

tlmaghvaﬁwsapproacheebcolledbnandpmoeesino Selection of more
capital-intensive, automated approaches must balance the promise of higher recovery
rates, enhanced material quality, and unit cost against the risks of system reliabilty and

technological cbsolescence. '

)egres as: . Decisior-making on program design assumes
that the targeted recydable materials can be reused in some beneficial manner, thereby
avoiding their disposal and optimizing their resale value. Failure to accomplish these
objectives results in incuring disposal costs and'or costly materials processing. For
example, a decision to commingle paper with glass in collection or procsssing might
sufficiently contaminate the paper so as to adversely affect its marketabilty. Or, for
exampie, an investment in plastic granulator equipment might reduce transportation
costs, but might reduce the value to certain end-users who wouid be unabie to &acertain
the level of contaminants in the material.

Unlike most other solid waste management

alternatives, materials recycling can.greatly affect waste collection methods and costs.
In general, greater source separation requires different approaches to collection that
directly affect productivity and costs. It is essential that the incremental costs and
potential environmental impacts of these different collection technologies be considered
in program anaiysis. Also, certain collection-related limitations must be considered,
including population density issues, traffic congestion, noise, safety, fleet maintenance
needs, and parking needs.

While the U.S. EPA hierarchy (295) favors recycling over combustion and landmling it
also contemplates that all four waste management options complement one another to
safely and efficiently manage MSW. Recycling “is not meant to be rigidly applied when
local unique waste and demographic characteristics make source reduction and
recycling infeasible” (295).

Qverall program cost. The overall cost of aiternative programs must be assessed: this
includes collection, processing, resale, and public education.
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o Bublic education sirategies. The implementation of a recycling program requires an
initial program to educate all involved parties on acceptable practices and the need to
implement them. &t is likely that the education program will need to be oonﬁwed to
sustain or to improve recycling performance. As a companion to education, new

* ordinances and compliance policies must be implemented.

E.12 Cumrent Status of Recyclinginthe U.S,

An estimated 13 percent of the MSW generated in the United St~'es was recovered from the national
waste stream for recycling in 1988 (774). This numbe: represeris contributions from commercial,
industrial, and household sources, spznhing materials recovery/recycling facilities ani curbside
collection programs as well as bottle redemption, drop-off, and buy-back centars. Recycling in this
context refers to the materials recovered from the waste stream as opposed 0 the lessor amount
actually made into new products. Table E-2 indicates how the entire solid waste stream has been, and
will likely continue to be managed for the period 1980-2000 (774, 776).

Table E-3 itemizes ‘materials recovered from MSW in 1988 and the percentage that each recovered
waste fraction represents of that generated (774). Y ine approximate 180 milion tons of materials
recycied, almost one-fifth is paper and paperboard preiucts. This quantity represents about 26 percent
of paper products generated as waste. Although represanting smslier absolute fractions of the overall
waste stream by weight, glass and metals are materials promineraly recycled with 12 and 15 percent of
virgin material recovered, respectively. Based on projections for recycling by respective industries
manutacturing the major commodity components of MSW, the goal of 25 percent recycling by the
mid-1990s may be achievable (777).

For the residentially-generated component of MSW, one significant trend is the emergence of greater .
mandatory or voluntary source separation of recyclable materials. These so-called “curbside bmgrams‘
require the participation of residents to separate recyclabie materials imto one or more fractions for
collection. Biocycie magazine reported (778) that, in 1989, 1,042 curbside programs existed in 35 states
(Table E-4). There has been considerable growth since that time with the implementation of ambitious
programs in New York, Florida, California, Ohio, and other states.
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TABLE E-2. HOW U.S. WASTE IS MANAGED (776}

----------------------------------------------------------------------

Recycling (2) 1%.5 10 . . .
Waste-to-Energy 2.7 2 9.6 6 26.5 1% 45.0 3 55.0 26
Incineration (3) 11.0 7 . . R . .
Landfill 121.4 81 136.5 82 130.5 n 106.0 53 106.5 49

(1) All tons in millions of TPY. . )
¢2) Recycling used in this context refers to materials recoversd from the waste
stream as opposed to the lesser smount made into new products.
- (3) Incineration without ensrgy recovery.

TABLE E-3. MATERIALS RECOVERED IN THE U.S,, 1888 (774)

% of

Generated Reccvered Material

(1) : (1) Generated

Paper and Paperboard 71.8 18.4 25.6
Glass 12.5 1.5 12.0
Metals 15.3 2.2 14.4
Plastics 14.4 0.2 1.4
Rubber and Leather 4.6 0.1 2.2
Textiles 3.9 0 0.0
Wood 6.5 (v} 0.0
Food Waste 13.2 0 0.0
Yard Waste 31.6 0.5 1.6
Other 5.8 0.7 12.1
Total 179.6 23.6 13.1

(1) In millions of tons.
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TABLE E-4. CURBSIDE RECYCLING PROGRAMS (778)
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E2 TECHNOLOGY DESCRIPTION

Figure E-1 depicts several technology options for the separation and ccliection of recyclables that feed a
MRF. The characteristics of the MRF feed stream are directly related to the processes utilized in the
MRF. For example, highly separated materials (streams A, B, and C) will require minimal processing.
The following sections discuss the complete source separation, collection, and processing componants
of a materials recovery program. Case studies are provided to Hlustrate the recycling options, as
appropriate. '

E2.1 Generation of Recyciabies

Recyclables can be either source separated by residents and commercial businesses or they can be
mixed with the non-recyclable MSW. Source separation refers 1o the segregation of recyclable
components from the non-recyclable portion of MSW through the use of one or more plastic bins or
bags. (Plastic containers are waterproof uniike paper bags and corrugated boxes.) The specilic
materials | e recycled and the degree of source separation required are defined by the recycling
program. Mesgvidls are selected based on the availability and reliability of markets. ‘

The separation method seleciad will have a divect influence on the effectiveness of the recycling
program. Generally speaking, the less residents have 1o do to comply with the recycling program
requirements, the more likely they are to participate (265). In addition to the degree of material
separation, the cagree of househokd preparation of the materials affects both the perceived
inconvenience of panicipation and the market value of the recyciables (264). The rinsing of all
containers, removal of metal caps from glass containers, and the removal of labels from metal cans all
poskively affect the market value of the products. Such requirements may also make recycling too
inconvenient for certain residents, perhaps resulting in a significant decrease in participation. Thus, the
trade-offs between participation and market value must be considered.

A public attitude survey conducted in New York's Oneida and Herkimer counties found that the perceived
inconvenience of recycling increases with the number of separation and preparation steps requested
(339). The survey aiso confirmed that most residents were unwiliing to make more than two separations
from their mixed waste. Research has shown that the participation rate doubles when recycling

containers are provided 0 residents, but the participation rate does not necessarily increase with the
number of individual containers provided (334).
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Obviously, the most convenient source separation recycling scheme from the residents™ perspective is
where all the recyclables are mixed (commingled) in one container for pick up at the source (curbside),
leaving any further material separation up to either the collection crew or to a MRF. A commingled
recyclable requirement is genefally believed to maximize public participation (265). .

An alternative to source separation it to leave the recyclables intermixed with the MSW and remove
them, for example, in a front en process prior to a mass bum system. This option requires a substantial
amount of processing at the MRF to recover the i'ecyclables. The generator participation rate is not a
soncern with this method, since the sole responsibility for material recovery is on the mixed waste MRF
itself.

E.2.2 Collection of Recyclables

Recyclables can be either delivered to a drop-oif center or buy-back center, or collected from the point of
generation, at curbside. Again, the method used will influence the effectiveness of the recycling

program.

E.2.2.1 Curbside Collection

Collection can accommodate many degrees of source-separated materals. When the generator
separates recyclables into discrete product-specific containers at curbside, collection crews can simply
load each material into its own compartment on a specially designed collection vehicie. In programs
where the generator commingles all recyclables into one bin with newspapers separately bagged, the
collection crew typically sorts the recyclables at curbside. Alternatively, the commingled recyclables can
be transported to a MRF where separation wiil take place.

Combinations of these approaches aiso are possible. For example, residantial waste generators could
be required to separate glass generically, and the collection crew would sort glass into its clear, green,
and brown fractions.

The specific type of curbside collection program selected will be a function of the community's
demographics, the availability and reliability of processing facilities, the type of collection vehicles used,
and community values (258). If the materials are to be directly marketed instead of being processed in a
MR, they must be either separated into individual components by the generators or by the collection
crew. If ti.. materials are to be processed in a MRF, the complexity of the MRF (i.e., its capability for
material separation) will determine whether the incoming materials can be commingled.

wTe CORPORATION E-11



The day and frequency of collection also can affect the participation rate and the total tonnage recycled.
Weekly, bi-monthly, and monthly collection frequencies may be valid choices. The most convenient
arrangement is for recyclables to be collected on the same day as the mixed MSW. Bi-weekly collection
may b2 less costly than weekly collection, but it can reduce program participation due to confusion and a
loss of the perceived "mandatory impact®, since the mixed trash woukd most likely be picked up whether
or not the household participated in the recycling program (325). The collection frequency will also
influence the size of the collection container required.

The use of dedicated recycling containers has the following adv. ntages (334):

o] They make sorting and storing recyclables in the home convenient and their presence is
a constant reminder of the need to recycle.

0 The presence of containers at curbside on collection day raises awareness of recycling,
and may create a "peer pressure” that encourages non-participants to recycle.

0 Dedicated recycling containers are easily distinguishable contributing to the efficiency of
the collection process. The efficiency of collection can also be increased if residents put
out fuli containers. ‘

o Constructed of plastic, they can resist the degradation that befalls paper containers
which can result in scattering of recyciables and increased collection time.

An alternative to the conventional curbside collection bin method is known as the "blue bag" co-collection
system. Under this method, recyclables are piaced in a speciaily colored plastic. bag (typically blue) and
placed at the curb with the remainder of the trash. The bags are collected in the same vehicle that hauils
the trash, eliminating the need for separate collection by specialized vehicles. The bags are separated
from the mixed waste at the receiving facility, and transported to a MRF. This option is effective only if
the MRF is located in close proximity to the disposal site to minimize transportation costs.

The advantages listed for the use of recycling containers also apply to special plastic bags. Storage in
the home may not, however, be as convenient with bags as with a rigid container.
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The advantages of curbside collection include:

o

Low capital' and operating costs for processing if materials are highly sorted

Negligible technical risk

Typically high quality of recycled materials i materials are highly sorted

Higher participation by generators than dmp-off centers due to the convenience of
curbside collection

Flexibility in responding to changes irs waste composition or participation rates

Flexibility in changing targeted recyclable materials

The disadvantages of curbside collection include:

Collection capital and O&M costs are high, expressed on a per collection stop and per
ton basis. Operating costs for curbside - ..-'ng by collection crews are higher than for |
coliection of intensive source separated mate.ais

Participation rates for source separation may be low due to the behaviorai change
required by waste generators

Practical limitations on the number of compartments on vehicles (along with sorting
participation and collection costs) restrict the degree of separation possible at the
curbside, thereby requiring turther processing at the MRF

To standardize set-outs, communities or private collection companies normaily provide
each household with one bin for each separation required. This adds to the program
costs. In addition, there is limited experience on the long term durability of recycling bins
or on vandalism and theft rates '

wTe CORPORATION E-13



No comprehensive survey data are available on the number and performance of curbside sorting
programs in the United States. However, Snow (327) conducted an in-depth survey of 24 sample
programs in 1989; data are summarized in Table E-5. The study indicates a variety of materials,
separation approaches, collection techniques, and public/private contracting arrangements. It appears
that waste reduction of 10 to 12 percent is attainable (327).

Powell (669) has reported that as of early 1991 about 2,000 U.S. communities collect recyciables from
residences, and that the majority of these programs require the separation of paper, bottlies, and cans.
The trend, however, appears to be toward the commingling of recyclables in one bin at the curb followed
by separation at a MRF.

E2.2.1.1 New Jersey Programs. A study was conducted in 1990 on 12 New Jersey recycling
programs in comimunities whose populations ranged from 5,000 to 300,000 residents. The survey
results are presented in Tables E-6 and E-7 (669). '

The results show that the average overall cost of a program using the commingled collection scheme
was 41 percent higher than that of a program using complete material separation due to the high costs of
the requisite MRF. The recovery for commingled collection programs was 15 percent higher than that for
complete separation systems, probably due to lower participation because of the increased set out
requirements. Conversely, the material revenues from complete separation programs were higher than
those from commingled programs a fact attributed to less glass contamination. Additional survey results
~ are presented in Table E-8. These results are average values for both program types.

E22.1.2 San.lose, Californla. As part of a comprehensive waste reduction program, the City of
San Jose, California, has conducted an intensive curbside recycling program since 1986. As of April,
1989, recyclables were collected from more than 70 percent of the city's 180,000 househoids, diverting
more than 10 percent of the residential refuse from the landfill (334). Rasidential generators set out
three separate stackable bins, one containing bi-metal and aluminum cans, ocne containing mixed glass

containers, and one containing newspapers. A private hauler collects the materials in a dedicated,
three-bin vehicle for transport to a MRF.

San Jose reports that approximately 57 percent of households served by the program actually participate

(291), although no data has been reported on estimates of material capture rates for the participating
househokis. The City of San Jose estimates that the program recycles about 22,000 tons per year.
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TABLE E-6. COMPARISON OF CURBSIDE RECYCLING OPTIONS (668)

Household
At the curb

Quantity

In Transit

Unloading
Processing

Residue

Commingled

Less storage space needed
Fewer containars to set out

Fewer containers to dump and
retum to curb .

More weight per container

Better truck utilization can serve
longer route belore unioading

Less time needed
More costly

More residue (15 to 30 percent)

Ccmplete Separation

More storage space needed
More container to set out

More containers to dump and
return to curb

Less weight per container

Poorer truck utilization, shorter
route befors needing to unload

More time neaded
Less costly
Less rasidue (5 to 10 percent)

TABLE E-7. COMPARISON OF NEW JERSEY CURBS™E COLLECTION PROGRAMS (669)
Commingled Complete Separation

Average cost of collection

and processing $129/t0n
Collection cost savings $10-$1510n.
Processing plant for

complete separation $0

Average recovery,

bb/capita/ysar i

$91/10n
$0

$63/t0n

148

TABLE E-8. AVERAGE CHARACTERISTICS OF NEW JERSEY COLLECTION PROGRAMS (669)

Hauler operated programs
Municipality operated programs
Collection efficiency
Unloading trips per day
Average household cost
Average households serviced per day
Average households per stop
Collection time at curb
Travel between stops
Unloading

Round trip transit time

Set up for unloading

Unloading

wTe CORPORATION
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8

125-500 Ib/capitayr
15

$23/yr
330

1.2
59 seconds/stop
45 seconds

15 minutes

9 minutesArip
15 minutesarip
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£.2.2.2 Drop-off Centers

Drop-off centers are centralized locations where a specified class of waste generators, typically
residential generators, may voluntarily bring certain recyclable materials. Generators are not
.compensated for materials deposited at a drop-off center. A drop-off center car: be as simple as several
small capacity containers that temporarily store the materials for regular pickup and transportation to
market or a central consolidation faclility or it can consist of the central consoiidation facility itself.
Because programs of this nature are voluntary, participation is often poor. However, participation can
be enhanced by public education, economic incentives (e.g., Incorporating a buy-back feature), and
ordinances that increase the difficulty to otherwise dispose of recyclable materials. Both buy-back
centers and drop-off centers seldom capture as much as 10 percent of the waste stream (547).

Prosser (185) recently projected a 20 percent recycling rate for giass containers in the United Klnodorh
based on collection at voluntary drop-off centers. It was noted that this recycling rate ca2n only be
achieved by increasing the density of drop-off sites to 1 per 2,000 households or greater. Also, in 1990,
the EPA noted that in the U.S., approximately 20 percent of glass was recycled based on all recycling
sources not just drop-off sites (777).

The physical layout of a drop-off center varies by location, the volume and number of recyclable
materials processed, and level of supervision. A conventional drop-off center would be centrally-located
within a service area and provide bins or compartmentalized containers for waste generators to deposit
recyclable materials. To ensure material quality and public safety as well as to prevent scavenging,
many drop-off centers have controlled access, limited hours of operation, and are moniiored by
attendants. Once a sufficient quantity of a material has been collected, it can be shipped to end-users or
intermediaries in the container in which i was collected or, more often, transterred to a larger container.

Correct sizing and type of containers are key design features to address, along with traffic access and
security.

The smallest drop-off center might be a neighborhood "kiosk-like" or igloo container, unattended and
conveniently located to maximize its use. These containers typically are satellite operations for a
centralized facility where further consolidation and repackaging would occur to achieve maximum
quantities for resale. However convenient these unattended containers, they are wvuinerable to
contamination, odors, vectors, and vandalism, aside from adding additional transportation and handling

costs. The successful development and implementation of drop-off programs is highly dependent on
other program factors and local conditions.
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Advantages of drop-off centers include:
o Low capital and operating costs
o No technical risk
(/] No mandatory change in waste generator behavior

(<] Flexibility in responding to changes in waste composition or participation rates
(+] Flexibility in changing targeted recyciable materials

Disadvaméges of drop-off centers include:

o Lower participation rates due to the voluntary nature of the program and the
inconvenience associated with sorting and transporting materials to a remote location

o Low quantities of materials collected thereby limiting marksting with respact to price and
prospective users

o Low quality of materials, especially when center is unattended

A limited survey conducted by Biocycle in 1988 (779) is reproduced as Tables E-9, E-10, and E-11,
llustrating the scope and performance of selected drop-off programs nationwide. Convenient siting,
more efficient equipment, public education, and economic incentive programs are cited as key elements
in successful programs (779).

E2.2.2.1 Wellesiey, Massachuseits. A longstanding, successful operation is in Wellesley,
Massachusetts, a community of 27,000 located southwest of Boston. This town has capitalized on the
logistical pattemns of residents by establishing a drop-off center at the town's transier station, the sole
location for residents to dispose of MSW (no municipal collection is provided). Residents are able to
recycie old newspaper (ONP), old corrugated cardboard (OCC), rixed paper, three colors of glass,
aluminum cans, ferrous bimetal cans, high density polyethylene (HDPE) containers, waste motor oil,
tires, batteries {automotive and househoid), scrap metals, wood, yard wastes, books, clothing, and buky
wastes at an attanded center comprised of assorted bins and roll-off containers. In 1989, approximately
19 percent of wastes were recycled and thus diverted from the adjacent transfer station (291).
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TABLE E-9. DROP-OFF PROGRAMS - GENERAL. CHARACTERISTICS (779)

Population
Served #of Pop Served/ Materials Participation

Location (Estimated! Sites ' Site Collected Rate
Champaign Co., IL . 171,000 15 3,00020000 N,G, A, T -

HDPE, OCC,

MO 18%
Columbia Co., PA 50,000 17 3,000(Ave) N, G, A, T OCC 25-30%
Cook & Lake Co., IL 270,000 18 N/A N,G AT N/A
Delaware Co., PA 500,000 50 10,000 (Ave) Glass only 25%
Durham Co., NC ' 120,000 10 10,000-15,000 N, G, A 8%
Fairfax Co., VA 75,000 8 N/A N, G, A, BI-M 10%
Kent/Ott>wa Co., MI 650,000 30 N/A N,G AT

HDPE, OCC 4%
Santa Monica, CA 70,000 66 Upto2000 N,GA,T 8%
Snohomish Co., WA N/A .18 10002000 N, G, A N/A
Wayne Co., NY 30,000 4 N/A N, T, OCC N/A

" Key: N -Newsprint A—Aluminum BI-M—Bi-Metal Cans }
G—-Glass T~Tin & Bi-Metal Cans  OCC ~—Corregated Cardtoard MO—Motor Oil
TABLE E-10. DROP-OFF PROGRAMS ~ AMOUNTS OF MATEFIALS RECYCLED (7/3)
ANNUAL TONNAGE
Al News Glass Aluminum Tin Others
Materials
Location (Tons) Tons % Tons % Tons % Tons % Tons %
Champaign Co., IL 1000 750 % 160 18 5 - 15 1.5 70 7
(OCO)

Columbia Co., PA 469 om 58 8 19 6 1 19 4 85 18
Cook & Lake Co., IL 7140 5800 81 1200 17 75 1 63 1 - -
Delaware Co., PA 1800 - - 1800 100 - - - - - -
Durham Co., NC 1200 900 75 300 2% - - - - - -
Fairfax Co., VA 1000 721 T2 2 A - - - - - -
Kent/Ottawa Co., MI 3200 2225 70 669 20 1 - 158 H 157 5
Santa Monica, CA 1398 1032 74 360 25.5 - - - - - -
Snohiomish Co., WA 233 67 29 159 68 7 3 - - - -

TABLE E-11. DROP-OFF PROGRAMS - SITE AND COLLECTION CHARACTERISTICS (779)

Storage
Type Capacity/ Collection Crew Collection
Location Container Site Equipment Size Frequency
Champaign Co. Compartment 15 cy40cy  Multi-liftlugger 1 Lwk-Umo
container/ truck & van
lugger & barrel
Columbia Co. Shelters Tcy Van 2 2-3/wk-l/wk
Cook & Lake Co. Compartment N/A Multi-lift N/A N/A
container
Delaware Co. Dome - 6.6 cy Tractor & 2 1- 2wk
trailer
Durham Co. Shelters Upto2lcy Flathedforkliftw 2 1wk
Fairfax Co. Roll-off 120 cy Tractor & 1 Uwk-max.
trailer
Kent & Ottawa Co. Roll-off, bins &  N/A Straight 2 3iwk-Uwk
barrels truck/van
Santa Monica Bins 6 cy (at least) Truck & trailer 2 2/wk (at least)
Snohomish Co. Dome 16 cy Truck & trailer 1 1/10-14 days
Wayne Co. Bins 12-24 cy Packer 1 12 wks.

wTe CORPORATION E-19



E2.2.22 Concord, New Hampshire. A municipally-sponsored outdoors drop-off center has
been in operation at the Concord, New Hampshire landfill since 1989. Opened by aii attendant twice
weekly, residents of this 35,200 person city can deliver ONP, OCC, aluminum, three colors of glass, and
ferrous containers. The City provides waekly collection of residential wastes to its residents as well. In
the first full year of operations (1990), this center processed 547 tons of materials, representing about 2
percent of the overall residential and commercia! waste generated annually, or 4 percenl of the
residentially generated MSW. A pilot curbside recycling program was Initiated in 1951 ior approximately
one-fifth of the City's households without any material impact on the quentity of materials received at the
drop-off center (780).

E2.2.3 RBuy-Back Centers

Buy-back centers are similar to drop-off centers, with tho exception that the generators are paid for the
materials left at the center. However, the quantity of materials recycled does not necessarily increase if
compensation is . ided. - A study was conducted in Washington State in which four methods of
recycling were teste . weekly curtside collection, monthly curbside coliection, drop-off center, and
buy-back center (764). The study found that the buy-back centers had the lowest participation rate and
accordingly collected the least amount of materials of the four collection methods used. Because they
are selectively purchased from customers, the quality of buy-back center materials is generally very high.
The materials do not require further processing other than consolidation for shipping, and therefore are
usually shipped directly to market and not to a MRF.

E.2.2.4 Collection Yehicies

Recyclables can be collected by conventional waste collection vehicles, standard commercial trucks, or
specialized recycling vehicles. Conventional waste collection vehicles usually require fitting with trailers
or racks for transporting commingled materials. For reasons of productivity, the number of separate
compartments on a specialized recycling vehicle is usually limited to a maximum of five or six. In order
to avoid damaging the recyclables, these truck bodies typically do not compact the materials. The
specialized vehicles usually have a low profile body for ease in filling the compartments. The degree of
sorting that can be accomplished at curbside is somewhat limited. if glass is a target material, then a
product with grexter quality and quantity can be recovered i it is sorted into three discrete colors at
curbside. Separation of glass into its three colors would mean that all other containers (e.g., ferrous,
aluminum, and mixed plastic) and paper (e.g., newspaper, corrugated, and magazines) would occupy
the remaining two compartments in a conventional five-compartment truck. Table E-11 includes the type
of vehicle used in ten sample collection programs.
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E23 Material Becovery Facliities

The term “material recovery facility” (MRF) includes a broad range of process designs and technologies
‘ranging from simple, predominantly manual sorting and repackaging facilities ("low tech”) to complex,
highly mechanizid processes that separate, beneficiate, and repackage a wide range of recyclable
components of MSW (“high tech”) (181, 316, 339, 774). In addition to the level of technology used,
MRFs c2.. also be classified by the degree of separation and preparation incorporated, which is
determined by the characteristics of the materials received and the product purity required by the market.
The level of technology used is primarily a function of the required facility throughput. At low throughput
rates in the range of 2 to 3 tons per hour, a simple low tech process is sufficient (333). At higher
throughput rates, a high tech process is more appropriate. Table E-12 lists all existing and planned
MRFs throughout the U.S. as of 1988 by status and degree of mechanization (386).

E.2.3.1 MBF Vendors

Table E-13 identifies the owners, operators, and designers of the MRFs in operation, construction,
shakedown, advanced planning, and concept stage. Over 50 percent of the owners are private, and
approximately 80 percent of the operators are private. Private owners and operators are typically the
MRF system vendor, as indicated in the table. As shown in the table, 34 of the 62 MRFs (55 percent)
use the technology of only seven vendors. The remaining 28 MRFs all have unique vendors. Waste
Management of North America, Inc., with one facility in construction and thirtesn in operation, has the
most facilities by far. Second is Browning-Feris, Inc with a total of five tfacilities, followed by
RRT/Empire Retums, Resource Recovery Systems, Inc., and New England CRinc, all with four. REI
Distributors and Reuter Recycling, Inc. round out the top seven with two facilities each.

E.2.3.2 Low Technology MRFs
Low technology MRFs use primarily manual labor to separate the feed stream into its individual
components. Such a system usually consists of a series of belt conveyors from which recyclables are

manually removed. Mechanical processing is usually limited to magnetic separation for ferrous removal
and volume reduction equipment such as a baler, glass crushers, and an aluminum flattener/blower.
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E2.3.3 High Technology MAFs

MRFs employing a highly mechanized process line have been developed for processing large quantities
of recyclables from commingled feed streams. Several vendors such as New England CRinc, Waste
Management, Inc, and Resource Recovery Systems (RRS) offer automated MRFs that minimize the
manual labor required. New England CRInc is the exclusive North American licensee for the technology
developed by Maschinentabrik Bezner of Germany. Twenty MRFs using the Bezner process are in

operation throughout Europe (332). Waste Management, Inc.'s automated MRF uses the Swedish
BRINI system.

E.23.3.1 Johnston. Bhode Island. The Johnston, Rhode Island MRF, owned by the Rhode
Island Solid Waste Management Corporation (RISWMC), was designed and is opsrated by New England
CRInc (CRInc). As an exampie of an automated MRF, the process is shown in Figure E-2. This facility
was designed to process 130 tons per day of commingled recyclables received in co-collected, separate
fractions of n_ﬁxed paper (ONP and OCC) and mixed containers (ferrous, HDPE, PET, three colors of
glass, and aluminum).

As of 1990, the facility throughput was increased to approximately 200 TPD by operating a second shiit.
Mixed paper is removed from the tip floor and manually sorted on conveyors prior to baling into its
constituent fractions. Commingled containers are loaded onto a computer-regulated conveyor that
senses the quantity of materials fed per lineal foot in order to maintain a steady feedrate. Ascending to
elevated separation stations, material is initiaily visually inspected for gross contaminants and hazardous
materials, which are removed manually. Afier magnetic belts separate ferrous materials, the remaining
fraction cascades downwards on the conveyor and through a series of suspended metal bars that,
relying on the weight, particle size, and aerodynamic differences of aluminum and plastic containers
separates them from glass. Also, due to gravity, glass continues down the line with other containers
diverted to either side. Glass is screened, with the overs manually sorted by color and the unders
remaining as mixed cullet. Clear glass overs are negatively sorted and visually inspected to assure high
quality of this most valuable glass color. Containers on the diverted line pass through an eddy current
separator to remove aluminum, and plastics are manually sorted by resin type.

Materials are prepared for market as follows. Ferrous is shredded in a flail mill (which aiso removes and
separates the aluminum tops of bi-metal cans) and is containerized in loose form. Aluminum is shipped
similarly after passing through a can fiattener. Glass is crushed and boxed or shipped loose in truckload
qQuantities. PET is perforated and baled, while HDPE is shredded and shipped in gaylord-style boxes.
Papers are baled.
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The RISWMC facility has experienced a high on-line performance. Residue, primarily mixed glass cullet
from the screen unders, is estimated to be 10 percent of the daily throughput. Operating management
envisions expansion of interior storage and tipping floor room to improve maneuverability and material
climatic protection in this 40,000 square foot building.

TIPPING
FLOOR

'

E MIXED RECYCLABLES
w=ex= |  PROCESSLINE

=
PAPERRECYCLABLES | !
PROCESSLNE | o ___.__

Figure E-2. Johnstion, Rhode island MRF Process Plan

wTe CORPORATION . E-29



infeed materials from drop-off centers, buy-back centers, and curbside collection programs requiring
-complete separation generally do not require extensive processing to prepare ther for markets. MRFs
processing such materais may act more like consolidation facilities. Drop-off center materials may
require steps to ensure product quality-control since contamination may have been introduced at either
the source or the center. Buy-back cemer material generally does no. end up at a MRF unless the
buy-back center is part of the MRF. '

Collection vehicles deliver materials to the centralized processing location, where separated materials
are consolidated in larger containers or otherwise packaged for resale and shipment. Depending on the
quantity and type of material collected, it may be desirable to invest in special repackaging equipment
such as paper and plastic balers or glass crushers. In the event that cartain truck compartments contain
commingled materials requiring separation (e.g., mixed containers or mixed paper), further sorting can
be done either manually or, K quantities warrant, manually with mechanical assistance. For example,
sorting ‘of mixed containers might warrant channeling of materials onto a conveyor for magnetic
separation of ferrous metais and then manual picking of aluminum and plastics (mixed or by HDPE and

PET fractions). For small volumes, an existing drop-off center might serve as the centralized processing
center.

E23.4.1 Delaware Recyciing Centers. In late 1990, the Delaware Solid Waste Authority
(DSWA) contracted for the establishment, cperation, and maintenance of a statewide system of drop-off
centers and the marketing of the products (770). The DSWA had an initial goal of 50 operating centers
by the end of 1991 and 100 centers by the end of 1992, However, because of active citizen
participation, 80 centers were established and in operation by the end of June 1991 (304). An additional
10 sateliite sites continue in operation for the collection of clear, green, and amber glass.

The drop-off centers, located within a 5-mile radius of most homes, use color-coded iglcos for the
collection of separated recyclable materials such as glass, ferrous metal cans, nonferrous metal cans,
plastics, newspapers, used motor oil, and batteries. Browning-Fermis Industries collects and markets the
materials received at the centers. A centrally located facility for storing, sorting, and shipping the
materials provides the necesary consolidation systems for effective marketing of recyclables as well as
product enhancement to remove contaminants.
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E23.4.2 San Jose, Callfornia. San Jose's thrae-bin coliection trucks are unloaded successively
at the processing facility where a computerized scale enables the vendor, Waste Management, inc.
(WMiI) o record tonnage information by load and by waste fraction. Newspaper is baled for shipment.
Glass is hand-sorted by color and contaminants are removed on a conveyor prior to containerization for
shipment. Instead of densification in a glass crusher, WMI relies on natural handling procedures to
densify glass from its original 300 pounds per cubic yard to about 1000 pounds per cubic yard. Metal
containers are separated into ferrous and aluminum fractions by passes under a series of magnets on a
conveyor. Approximately 20 percent of bimetal cans are rejected because labels have not been
removed (723). The MRF also recovers HDPE and PET plastics. Total residue amounts are reported as
2tons perd~, ’ about 3 percent of the design capacity (386).

E.2.3.5 Mixed Waste MAFs

As discussed in Section 1.1, the inclusion of mixed waste MRFs in this report reflects their primary
function — to remove recyclables from the mixed municipal solid waste (MMSW) stream. In fact, such
front-end pmcessing systems have several functions, including:

o Recovery, for subsequent resale, of marketable recyclable materials from the MMSW
stream

o Segregation of materials from the waste stream that are unprocessible by the
waste-to-energy (W-T-E) facility or have a low heating value (e.g., yard wastes,
oversized buky wastes)

o Delivery of non-recoverable, combustible materiais to the W-T-E facility

In the following sections, exampies of both a labor-intensive MRF (766) and a mechanized MRF (767)
are presented. In addition to a brief process description, included also is a list of the materials recovered
and pertinent opétating and performance parameters. Since the current design and operating plans for
these two projects have not been reported in the open literature, the information presented is derived
from the respective Request for Proposals.
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E23.5.1 Gaston County Mixed Waste MBE (766). The mixed waste MRF planned for Gaston
County is a front-end processing (FEP) system for a previously contracted waste-to-energy facility; both
facilties are currently on hold. The MRF features a relatively low technology, labor-intensive process
that relies heavily on manual inspection and picking of recyciable products from conveyors. it is
-supplemented by two-stage screening for size classification and magnetic separation of ferrous metais.

Designed to process up to 50 TPH of mixed municipal solid waste (MMSW), the Gaston FEP not only
can recover recyciables from MMSW but is also capable of separating them from commingled "batch”
loads of recyclables should a recyclables collection program be established at a future date. Materials to
be recovered include: ferrous metals and aluminum; HDPE, PET and mixed film plastics; amber, green
and flint glass; and corrugated, newsprint and fine paper. Recovery of household batteries is a design
option.

The proposed process as depicted in Figure E-3 shows the FEP and W-T-E (with by-pass) sharing a
common tip floor where MMSW is received and initial segregation of OBW takes place. After loading
onto thé inciined infeed conveyor, the MMSW reports to final OBW segregation and bag opening
stations, where MMSW s liberated and the bags removed. A disc screen then mechanically separates
MMSW fo a +/- 5 inch size. The oversized material, consisting of corrugated, newsprint, and fine (office)
paper is manually separated in that order. Ferrous metals are then magnetically separated, film plastic
is picked and the remainder (i.e., nonrecoverable, combustible residual) is conveyed to the W-T-E plant,
or diverted from the conveyor to the tipping floor for use as future W-T-E feedstock.

Undersized material from the primary disc screen proceeds to three glass picking stations where
manually-removed green, amber and fiint glass report to individual storage bins, foliowed by crushing
and screening prior to loadout. Femrous metals are magnetically separated from the primary undersized
material; the unders then report to a secondary screen with +/- 2 inches separation. The secondary
unders are conveyed to the common refuse loadout conveyor; secondary overs report to aluminum
picking stations, followed by manual separation of PET, HDPE and LDPE.

The unit processes described above are amenable to handling both MMSW and commingled
recyclables, and closely resemble those used to produce compost or RDF, albeit without the size
reduction (shred) step. As such, addi-unal information on the energy and environmental considerations
for these unit process operations can be found in Appendices B and G.
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E235.2 ) ® MBE (767). In the advanced stages of planning and
preliminary design, the Monmouth 00unty MRF, or FEP, which will be co-located with a mass bum
W-T-E facility, is designed to process 1700 TPD of MMSW, separating out recyclables and
noncombustibles. This is a highly mechanized fromt-end procassing design utilizing trommeis and
multiple product separations in three parallel processing lines, supplemented by manual picking. The
following recyclables are intended to ba recovered: corrugated boxboard, ferrous metals, aluminum
cans, film plastic, HDPE, PET and household batteries.

The MRF is to be located in a 60,000 smare foot building adjacent to the tipping floor where front-end
loaders will initially screen out unacceptable or nonprocessible waste and corrugated prior to loading the
infeed conveyors which transport the MMSW to the MRF. Additional corrugated is removed at the first
picking station in the MRF and conveyed to a baler. Waste not removed at the corrugated picking station
will be size separated by a trommel equipped with bag-breaking bars to liberate bagged MSW.

Fermous metals will be removed with a suspended magnet from the trommel undersized material,
followed by manual removal of aluminum and magneiic (head puliey) separation of ferrous metal cans
inadvertently picked with the aluminum. The aluminum is then flattened and blown to a loadout area.
The ferrous metals separated by the suspended magnet are sent to loadout after reporting to the
household battery picking station.

Oversized materials, consisting of PET, HDPE and film plastics are picked in that order and conveyed to
dedcated balers for subsequent loadout. Ferrous metals will be removed by suspended belt magnets
and combined with the undersized ferrous stream to loadout, while the remaining oversized material
combines with unrecovered undersized material and conveyed to the refuse pi.

The Monmouth County FEP is unique in that it is the first mixed waste MRF dedicated to recyclables
separation from mixed waste in a community that already collects selected recyclables curbside.

E.2.3.6 Small-Scale MRFs

Small-scale MRFs and mobile MRFs are two recent developments. Count Recycling Systems offers a
"McMRF" system with a capacity of up to 20 tons per 8 hour shift (769). The system requires a volume
only 70 feet by 40 feet by 16.5 feet high. The system uses variable speed conveyors, air classification,
and a variable speed screen o supplement hand picking.
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New England CRInc offers a mobile 20 ton-per-shift MRF buikt by the Ptarmigan Equipment Corporation
(769). The Ptarmigan system is highway-towable at 8 feet wide by 48 feet long and 22,000 pounds. i
can accomodate six or eight picking stations. Approximately 40 of these systems are in operation
throughout the country. ' |

E24 Producis

Table E-14 presents data on materials which are baing recovered or are planned to be recovered at
operating and planned U.S. MRFs (386). These materials and the percentages of the facilities reported
to recover them are: tin cans - 97 percent, clear glass - 97 percent, brown giass - 94 percent, green
glass - 94 percent, aluminum - 93 percent, bi-metal cans - 91 percent, newspaper - 89 percent, HDPE -
82 percemt, PET - 79 percert, cardboard - 66 percemnt, ferrous gcrap - 30 percent, computer paper - 29
percent, mixed paper - 9 percent, and other materials - 9 percent.

Successful MRFs are highly reéponsive to location-specific needs and especially to the requirements of
the markets (164). Recognizing the lack of design standardization and the material-specific, end-use
specifications, the following description of racovery techniques is presented on a material-specific basis.

The following are sample product specifications taken from a MRF Request for Proposals (765). They
are considered to be typical of that required by end users.

E.2.4.1.1 Newsprint. Newsprint shall be separated from all non-paper products and baled so as
to be suitable for overseas export. The density of the bales shall be approximately 25 pounds per cubic
foot, yielding an average weight of 1,100 pounds per bale. Non-newsprint contamination is limited to a
maximum of 2 percent "out throws paper” and "prohibitive material® as defined by the Paper Stock
Institute of America (PS-86), "Special News" No. 7. The newsprint bale should consist of baled, sorted,
fresh, dry newspaper, not sunbumed and free from paper other than news, containing not more than the

percentage of rotogravure and colored sections normally contained in newspaper delivered to the
household.

wTe CORPORATION E-35



A A A A A A A A A A A A 00§ (A31711983 map) dis)

. Y291 YSIH - umopanys Asesodwdj
A A A A A A A A A (1} 183us) Buj1aA30y 3)dwe] Jeuo)IeN
A A A A A A A A A A o8 4w 83913459y uox|q
A A A A A A A A i s2t (128) Asuno)g sey)auld

yYoa] noy - UAOPINYS AJescdes)
(Je3n0Y) 3jJjulg Uap3

A A A A A A A 0Ly
JoY30 - euo)3esado
A A A A A A A A A 11} (osueqey) 9)11%3S
A A A A A A A A A A ogl JUN Uojsuyor
A 4 A A A A A A A A A <1 Buj 134398 3 Jejsuelal Riydiepe)iyd
A A A A A A 11} A3j1)2e4 83)))8188 A3uno) syong
A A A A A A A A <Y (Buj 3429y 4931310) 1018148
A A A A A A A A A A <l Ainqisan
A A A A A A A A A A A 00Y 98NIVIAS
A A A A A A A A A A sS (ma)Jey 1893) A1) Yo MaN
I ) A A A & A A A A A 0L (§vdn) uosialeyg i1sap
A A A A A A 52 Ajuno) yInowion
A A A A A A A A A (1 [+ Buj jo4Aoey 8.103NQ)IIS4Q
A A A A 112 *dyo3 Bugjaksey A3unc) yinowuck
A A A A A A A A . ol Ayuno) uopee)
A 3 A 1Y A A 74 (V¥4¥I38) woioly
A A A A A A A A A A A 001 Jojual Y-y 9 Bup)34dey ujseN
Yo3] BiN - 1wuojIviado
A A A A A A A A A A 12 U§sucIsin jo Buj 13429y NN
A A A A A A A A A A oLl (93j40my 3)3430Y) 3131838
A A A A A A A A 2 yesods|g 91SeR %JOA
A A A A A A A A A A A o€ (eaga2my 213433y) Auno3l xJoi
A A A A A A A A A A S Awnoj suuweyanbsng
A A A A A A sl AJUnNo) 319SI3MOS
A A A A A A A e Ajune3 ajuwI3y
A A A A A A A A A A [ 1] (3N 9134 Jadng) Ajuno) Aaswey
A A A A A A A oY Ajuno) eioxeg
A A A A A A A A A A A 2 (sujuig) UNPRBeuey 358N
A A A A A A A A 12 16sods|g Bujjseyn/anosy 019)3ng
A A A A A A y Ayune) AJusyon jo juswaBeuey aisen
A A A A A A A it 83{AJ8S JaBUIAEIS SJaYIOUg JIAIY
A A A A A A A 2 yesodsa A3)3 uspaey
A A A A A A A A A A (1] uamaBeusyy 21834 2.3du3
A A A Iy A A A A 0l s42)) ejueg jo JuswoBeuey IyseN
A A A A A A A A A A (44 {°pPu weying) jesodsjg Aeg 3se3
A A A A A A A A A A A (7] (Ai972429Y - 148) A1unoj ooy ues
A A A A A A A A A A A A 1]} X {usoyd

ysay mo7 - jeuoilasado

N1l i 34d0H 134 Vi EE) WYV SSYID  SSV19  SSVIS  SSVIS  QUVOR ¥3dvd  ¥3dvd  ¥3dvd adi
¥3INL0 -19 dvels N23¥D WMo¥NE  ¥V3TD . G3XIN  -GEVD ¥idWOD SA3N  O3XIW WDIS3a

(98€) SLONAOKE JUN ‘pi-3 3MGVL



A A A A A A 1 A FY A A 1]} Bu) 3438y 3 Jaujejun) 13Jey
A A A A A A A A A ot uosRy
A A A A A A A A 4 A A co2 53)3UN0) JaW) IR -8 |auD
| A A ) A A A A i i i sce Ajuno3 Aey sde)
A 4 A A A A A A A A A A oS J93us) Bujysioey o3jesoy
A i A A A A A A A A 0%2 P10t j8uyads
el WIN - UojIonsisuo)
A A A A A A A A A A 09 Auno3 s.1us)
A A A i A A A - A L ozl Auno) Basqus |yoan
A A A A A, A A L A oot Ajuroy uosangper
A A A A A A A A A A A oS Ayuno) yney
A A A A A A A A A A (11} (v3)somy 913430Y) YJed sw) jsuld
A A A A A A A A A A A A 002 (pueis] AQuaN - 148) esop uesg
Y291 MO7 - UO)IINJLINUO)
A A A A A A A 099 Ajuno) piimoJg
33410 - Bujwe|d PedieApY
A A A A A A A A A A 002 A3unoy Je3seiisen
A A A A A A 00t pes3idusy
A A A A A i A A A A o2\ UsABY'{00Ig
A A A A A A A A ] A3uno) pum)Jigen)
A A A A A A A A A A A A ost (JusweSeuey a3sen) Alunc) sidedgng
A A A i A A A A A A A A osi (*3ugya pue\Bul maN) Ajuno) siledng
A A A A A A A A A A 002 (pJojasey) JuN uoyBey 1oijded
A A A A A A A A A A ost (A3111204 1ensuay ueqin 19301) Jwnl
Pel BN - BUjue|¢ PO RAPY
A A A A A A A A A A A ] Ajuno) suuemiyae
A ) A A A A A A A A A 0% Ajunoy xissng
A A A A A A A A A A A ost (140) syno) *3g
A A A A A A & A A A A A osi (148) #AcuB.13AUY
A - A A i A A A A A A A A ost (148) 8jajwaqd vap3
A A A A A A A A A A A A L) Ay iy wanyseny
98] Ro7 - Bujl|¢ pecim
- & PIEIET R D B pp— - Lo PR m— I e - P Eg—— o " e e —————— ——— g g — e e F e
BRI DIV 408 134 VI ] NNV SSVIS  SSVID  SSVID  SSVID  GUVOR  ¥IdVd  ¥3dVd  ¥IdYd odt E
Mo 9 Vs NIZUS NMONS  WVITIT  OIMIN  -GUVD BIAMOD  SAIN  OINIM  NBIS3C :

(wi02) §LONAOHC JUN Pi-3 FEVL

E-37



l
l

A A A A A A A A A A A 002 (pumis] USINIS) A1) YJoj MaN
A A A A A A A A A 9] Auno3 ssayring
A A A A A A ost Ajunoj 1331391019

A A A A A A A A A A A 002 Ano) pue|yeo
A A A A A A A A A A 004 (4W1) $S'M3s
A A A A A A A A A A A 0s2 (Yison) Aluno) yoeag ujed
A A A A A A A A A A A S22 uoyBay 3Jodepjig Ja3ues9
Pe1 YBIN - Bujlam)d jemdaiuod

A A A A A A A A A A A A A (17} Auno3 sau81d
A A & A A A A A A A 06 81 Aiouy
A A A A A A A A A A A oLl wjssnig jo uyy
A A A A A A A A A A A <9 Ajuno) uos |pen
A A A A A A A A A A A <9 Ayuno) simig
A A A A A A A A A A A 002 A3uno) ujdesiay
A A A A A A A A A A 002 Ayuno) s,083089 #344d
Pe] RO - Bujued 13deuo)

A A A A A A A A oy Aymo) pisng
A A A A A A A A A A A A o091 jujod Jes0NG
A A A A A A A A A 09 Ajuncy 0 suoy
A A A A A A A A A A ost A3uno) 18§
A A A A A A A A A A A 082 Ayuncy o0 uol
L A A A A A 02 Ajuno) ojrnuo
A A A ) A A A A A 00t Aluno) oBmnso
A A A A A A A A oS Ayunc) puei)iod
A A A A A A A A A A A (9] saye) JaBujj ieapn
A A A A A A A A A A 08 Ayunoj usisep
A A A A A A A A A 0%l Ajune) Jesiey
A A A A A A A A I3 A (+24 Ayuno) usesp
A A A A o A A A A A A ) 1344381Q °38K 83sUn Pi10S IsaMYInos
A A A A A i A A A 02 sejijtediajuny *-0) s,884089 B3ujId
A A A A A A A A A %2 (P ¥A019 Apeyg) A3uno) AsswoBjuon
A A A A A A A A i A Se¢ Buy 3180dWO) /U0 | IVIS J9)SURIL/IWN
A A A A A A A A A A A A 08t A3 Joany AISA0O8Y S8y 3)UOIESNON
A A A A A A A A A A 00$ 39143810 Uo§eIjues UO|BaY BINJUIA
A A A A A A A A A A A A 009 839143810 Uojieljusg Ajuno3 °v° 1
A A A A A A A A A A A 001 {g) se)ebuy so01 jo A3))
A A A A A A A A A A A ool (y) sajsbuy #01 jo 431})
A A A A A A A A i A A ool (g) sa)abuy 30} jo A3})
A A A A A A A A A A A oot (2) sa)sbuy so1 jo A113
A A A A A A A A . A A 00} (1) sajaduy so1 jo A1)

- e |4 19nadasuo
Eﬂ%,‘"
MIL VAVN 34OM 134  WIIM 34 MMV SSVID  SSVID  SSVID SSVID  CQUVOS U¥3dvd U3V ¥dVd G4 ]

310 -ig _ dvids N33UD NMDNE  WVIID  O3XIN  -CHYD WIAWOD  SA3N  O3XIN  WOiS3a

T e e

(uod) SLONGONC 4UN °91-3 371GV

E-38



E24.12 Glass Cullet. The glass product shali be separated from non-container type glass
material with the exception of paper labels. The giass shall be segregated by color (amber, fint, and
green) prior to crushing. The cullet size shall be greater than 0.25 inch in diameter and less than 2.0
inches in diameter. Filint cullet shall contain not more than 5 percent other glass colors by weight, amber
-culiet shall contain not more than 5 percent other glass colors by weight, and green cullet shall contain
not more than 5 percent other glass colors by weight. No stones, ceramics, or non-container glass shall
be contained in the outbound product. Non-glass contaminants shall not exceed 1 percent of the total
product weight. '

E24.13 Aluminum. Aluminum used beverage containers (UBCs) shall be separated from all
non-aluminum and other aluminum material and baled. Al non-aluminum contamination, including
moisture shall be less than 1.5 percent of total product weight. Minimum bale density shall be 20 pounds
per cubic foot. The other aluminum should be separated into cast and foils fractions and shipped loose
in palietized gaylords (as a minimum).

E24.14 Jin Piated Steel Cans. Tin plated steel cans shall be separated from all other material
and shredded. The cans, initially up to 1 gallon in size, shall be shredded to a maximum dimension of 2
inches and a minimum density of 65 pounds per cubic foot. Non-tin plated steel can contamination
(including foll, food, aluminum, labels and plastic) shall be less than 2 percent of total product weight.

E24.15 PET Plastic. PET plastic shall be separated from all non-plastic material and further
sorted from high-density polyethylene prior to perforation and baling. All PET beverage botties shall be
perforated and baled to a minimum density of 20 pounds par cubic foot. Contamination of all non-PET
beverage bottie material shall be less than 3 percent by weigit of total product weight.

E24.18 HDPE Plastic. HDPE plastic transiucent "mik jug-type" containers shall be separated
from all non-plastic material and further sorted from other plastic prior to baling. Colored HDPE content
shall not exceed 10 percent by weight. Non-HDPE and non-plastic contamination shall not exceed 1.0
percent by weight.

E24.1.7 Mixed Rigid Plastic. = Mixed rigid plastic containers shall be separated from all
non-plastic material and from PET and transiucent HDPE prior to perforation and baling. Contamination
of all non-plastic material shall be less than 3 percent by total product weight.
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E-2.4.2 Peper Bacovery

Oid newspaper (ONP), old conugated cardboard (OCC), high grade office paper, mixed paper, and
specialty cellulosic materials can be recycled for a variety of uses. To make use of recycled paper,
‘manufaciurers usually must employ specialized equipment to re-pulp, remove ink and other
contaminants, screen, and otherwise refine fibre for mixing with virgin feedstock (301, 782). Certain high
grade office papers can be remixed diectly and therefore command a higher secondary market price
than commodity-grade ONP and OCC. Specifications for grades of waste paper are well-developed with
guidetines for numerous grades of used paper siock. These specifications focus on percentages of
“prohibitive materials” and "outthrows" for any contaminants that render the recyclable paper unusable in
reprocessing. Dapending on the reprocessor's needs, paper is sold baled or loose.

To prevent contamination from glass, moisture, and beverage and food residue, source separation of
paper is the preferred alternative. Even in source separation of commingled recyclables, paper is best
recycled if separated from the remaining fraction. A MRF processing capabiiity atfords a program the
opportunity to collect more than one grade of paper 'n iks paper fraction. Incoming mixed papers would
typically be isolated on the MRF tipping floor and pushed onto a box conveyor for manual picking by
paper grade. Paper grades then would be baled or containerized (e.g., truckload, container, shrinkwrap)
for shipment.

Typical problems encountered in mixed paper separation include cross-contamination or moisture in the
material from exposure 0 precipitation at the curbside. Separation of paper grades from totally
commingled recycling streams conceptually is less effective due to the risk of residue contamination. W
necessary from a collection standpoint, manual sorting on a conveyor is the preferred method (301).

E2.4.3 Farrous Metal Recovery

Recovered ferrous metais can be resold to detinning facilities or directly to steel mills for their smeiting
operations. Detinners are sensitive to contaminants that can impede processing (e.g., aluminum) or
exacerbate effluert problems (e.g., labels in sludge) (782). Steel mills are constrained by their basic
manufacturing process, metallurgical requirements of end products, and emission and effiuent problems.
Oxygen furnace mills can usually use up to 30 percent scrap material, but electric arc fumace mills can
use up to 100 percent scrap materials (782).
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Bi-metal cans are the primary source of post-consumer ferrous metal. These materiais can be recovered
relatively easily from commingied recyciables by stationery or bek magnets. The recovered product can
be baled, shredded, or nuggetized in commercially available devices. According to the Steel Can
Recycling Institute (782), the ferrous product must be free of all non-metallic, non-ferrous materials other
than paper labels. As a resuk of deciining domestic steel production and the availabllity of other ferrous
scrap sources, the post-consumer recovery of ferrous has lagged (301). For example, the San Jose,

California project has reported problems with the market acceptance of even label-contaminated ferrous
(723).

E24.4 Aluminum Recovery

Aluminum, primarily recovered in the form of used beverage containers (UBCs), can be resokd directly to
aluminum processors who reprocess it as container flat-rolled stock. Depending on specific alloy
specifications, post consumer aluminum can be re-used in amounts up to 100 percent of finished product
with substantial energy savings and conservation of the mineral bauxite (782, 336). The recovered
aluminum product is preferred by processors to be densified in bales or biscults (i.e., nuggets) of specific
size and to be free of excess moisture and contaminants (782). Although aluminum only comprises a
small fraction of MSW, recovery is highly desirable. Aluminum is easy to recover from commingled
recyciables and its high resale value helps to subsidize the recycling of other materials (301).

The most common methods of separating aluminum from other recyclables is manual picking from a
conveyor belt or use of an eddy current separator. Alr classification also can be used, depending on
whether the fead stream also contains plastics, which have comparable aerodynamic characteristics to
aluminum beverage containers. Small pieces of broken glass can also camy over with the aluminum
materials in an air classifier. Other methods for aluminum separation include electrostatic separation
and several wet processes (jigging, water elutriation, and heavy media separation) (301).

Repackaging of recovered aluminum for resale invoives the flattening of cans in a press or by roliers
positioned above a conveyor. Flattened cans can then be baled or compressed into biscuits, or blown

into trailers for loose shipment. All of the packing equipment is commercially available as standard
items.
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E24.5 Glaas Recovery

Recovered glass beverage and food containers can be resold to giass container manutacturers for
substitution of up to 100 percent for virgin materiais or %0 building material manufacturers for inclusion in
-road surfacing, glass wool insulation, or aggregate-based products. Substitution of recycled glass
enables contalner manufacturers o operate at lower fumace temperatures and improve emission
characteristics. Container manutacturers will accept recycled material in whole container, iregularly
broken, or crushed form. Two criticai specifications have a direct affect on recycling practices:

0 Glass must be sorted by color (i.e., flint, green, and brown) to control the cosmetic
appearance of end products, and

+] Recycled glass must be free of ail contaminants, including paper, plastics, metals,
textiles, and rocks (782). :

As glass containers break during the trip from the point of consumer discard through collection and
centralized processing, colors can become mixed and chards of glass can collect the residue of other
materials. Vestiges of metallic tops and paper labels can aiso remain if not removed by the generator or
the centralized processing system. Chards of glass also become imbaded in other recyclables with
which they come in contact, thereby reducing the marketability of the other material. Glass-impregnated
papers, for example, damage rollers and other processing equipment in the manufacture of recycled
papers.

i glass is 0 be separated from mixed waste without subsequent color separation, trommeling,
screening, air classification, or combinations thereof are used (181, 316). Froth flotation also has been
demonstrated (301). These techniques simultaneously break and densify the mixed glass cullet, thereby
possibly avoiding the necessity for a discrete denskication step. Certain proprietary processes have
been developed .and are used commercially (164, 783) to beneficiate glass prior to shipment, by
removing excessive contaminants through trommeling and wet processes.

~ By contrast, most processes 10 recover glass by color avoid breakage to facilitate visual recovery.
Manual picking of glass colors from a conveyor is the most common method of recovery, although optical
scanning and certain proprietary processes have been demonstrated (301). Densification of the
reoovomdpmcanoewrnaturauybyhandungoruse.ofagiassausMr,Mba
commercially-available device.

wWTe CORPORATION E-42



_As more post-consumer glass has become avallable from MRFs, container manufacturers have become
considerably more seledfvo of materials avallable for sale. More than a phenomenon of increased
supply exceeding demand, this has been in response to excessive contamination in post-consumer glass
products (784). Glass recycling can significantly contribute to machinery downtime in a MRF, as the
abrasive quality of the material causes accelerated wear of conveyor systems and glass crushers.

E.2.4.6 Piastics Recovery

Al plastics represent only about 7 percent of all MSW by weight (774). Plastic containers and packaging
(those appilications found in the MRF stream) represent about 3 percent of all MSW by weight (774).
The variety of resins and colors often makes It difficult for the generator, curbside collection crew, MRF
woikers, or MRF mechanical devices to distinguish one type from another. Although of likely resaie
value, the quantities of certain plastics in the waste stream have preciuded recycling at any reasonable
net cost. Consequently, plastics recycling technology has been siow to develop (301).

Primarity because of their high volume and relative ease of identification, cortainers made from high
density polyethylene (HDPE) and polyethylene terephthalate (PET) are the most commonly recycied
plastics. Comprised largely of milk containers and soft drink base cups, HDPE can be sold as-is or
granulated. The primary source of PET is two-ter soda botties that can be granulated and shipped
ioose, shredded and baled, or baled whole. Recycled PET containers can be used in the manufacture of
a variety of items such as fiberfill cushioning, geotextile membranes, or industrial strapping. PET can be
processed, mixed with virgin resin, and re-extruded. Several intermediale plastic processors serve as
value-added reprocessors to recycle post consumer PET in proprietary processes (involving air
classification, froth flotation, electrostatic separation, washing, and extrusion) for such re-use
applications.

Bacause of classification difficulty, plastics typically are best separated by primary resin type through
manual sorting on a conveyor bek prior to shredding and baling or granulation and packing in gaylord
containers for shipment to market. In addition to manual sorting, plastics aiso can be ‘separated from
other materials by air classification or vibration screening. Use of any mechanically-assisted separation
depends largely on the design approach to glass recycling, its breakage and cross-contamination.
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E.24.7 Bacovery of Other Materials

Other materials that are subjected to more intensive, centralized mixed-waste processing inciude wood
and yard wastes, construction and demolition wastes (C&D), tires, and waste oil. Each of these
‘maierials can be source separated and collected in a variety of dedicated vehicles or se-delivered to a
processing location. Except for waste oil, these materials are processed through large scale grinders,
shredders, hammarmills, or flail mills for size reduction. Certain grades of waste oil can be co-fired in

heating syslems or are processad first in spaclalized filtration systems to0 remove particulate matter and
excess moisture.

End markets for these orphan waste streams are very localized and without any general specifications
for size, densiy, composition, or packaging. In general, markets and applications consist of:

[ Wood: Compost, decorative landscaping chips, biomass fuel
o C&D: Building material aggregate, landfill cover

(<] Tires: Boiler fuel supplement, road surfacing buliking material, supplement to virgin tire
rubber

o Waste oil: Fue! supplement, asphalt additive, road dust surpressant

E3 ECONOMIC PERFORMANCE

A wide range of process and program costs for recycling technologies have been reported (785, 148,
386) that reveal inconsistencies and little or no emerging pattern of costs (785). This phenomenon can
be attributed to a variety of factors:

o Early programs and tacilities have had a convoluted history (785) that make expended
costs different than repilication costs

o Private vendors have been unwilling to provide proprietary information (785)

0 Programs vary widely in target materials, collection methods, and levels of processing
(785)
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0 Documentation of costs is poor and/or reporting is inconsistent (e.g., exclusion of
colection costs, shared overhead, residue disposal charges, maierial resale credits)

Several emerging databases ass available (148, 386) but data collection is inconsistent and the facility
-classiications are broad, making comparative analysis by program or technology type difficult.

E3.1 FEacillty Costs

Table E-15 (386) provides original and adjusted (to 1989 cost levels) capital costs for 28 existing and 45
planned (circa 1989) MRF tacilities that process recyclable materiais from a variety of curbside programs
(including intensive curbside and commingled source separation). Planned faciiities reflect a higher cost
per ton Kkely attributable to the inclusion of a greater number of higher technology, larger scale plants in
the sample. Special note should be made of the range and standard deviation of the facilities polled for
this survey, which highlights the variations and inconsistencies in the available database (386). Table
E-16 provides the detailed data supporting the summary statistics presented above.

For the same facility population above, Table E-17 presents plant capital cost ranges as a function of
design capacity. Planned facilities average 162 tons per day compared to 89 tons per day for existing
faciities (386). The effect on capital cost ranges on the degree of machanization is illustrated in Table
E-18. iThe number of facilities is approximately evenly split between high and low technology types, with
a greater concentration of high technology MRFs in the Northeast.

The same survey (386) was only able to coliect O&M cost data from fourteen existing and nine planned
facilities as shown in Table E-19. In this limited sample, the costs per ton for planned facilities is lower
than existing facilities, likely refiecting economies of scale from larger facilities (386)

The capital cost for the small scale MCMRF offered by Count Recycling Systems is $99,500. The mobile
Ptarmigan system’s capital cost is approximately $75,000 (769).
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TABLE E-15. CAPITAL COSTS AND BOND ISSUES® (386)

Standard

Sample - Mean Sum Deviation Minimum Maximum N

ORICINAL CAPITAL COSTS

All Facilities $4,684260  $341,951,000 7,050,131 $11,000 $48,000,000 73
Planned $6,166,667  $277.500000 8,099,193 $300,000 $48,000,000 45
Existing $2,301,821 $64,451,000 4,012,160 $11,000 $20,000000 28

- ADJUSTED CAPITAL COSTS (1989 DOLLARS)

All Facilities $4,727,158  $345,082,536 7,109,979 $11,000 $48,000,000 73
Planned $6,169,185  $277,613,333 8,008,522 $300,000 $45.000000 45
Existing $2,409,614  $67469203 4346051 ©  $11.000 $22L06,672 28

ADDITIONAL OR RETROFIT COSTS
Existing $3,001,667  $18,010000 3,636,990 $120,000 $9,500,000 6

BOND ISSUES

All Facilities $13,888,889  $125,000,000 28,762,669 $200,000 $90,000,000 9
Planned $18983333  $113900000 34,987,965  $200,000 $90,000,000 6
Existing $3,700,000  $11,100000 3,897,435 $400,000 $8,000,000 3

RATIO OF ADIUSTED CAPITAL COSTS: DESICN CAPACITY (TONS PER DAY)

All Facilities $33223 - - 29.716 $1,100 $200000 73
Planned $37.477 - 31,920 $6,000 $200,000 45
Existing $26,387 - 24,814 $1,100 $79981 28

* No information was available form 19 planned and 12 existing MRFs with regard to
original capital costs. Only minimal information was available on retrofit costs and the
size of bond issues and these data have been presented for illustrative purposes only.
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TABLE E-17. ADJUSTED CAPITAL COSTS BY DESIGN CAPACITY (386)

Adjusted Design Capacity (Tons Per Day)
Capital Costs All
(1989 Dollars) 1099 100t0199 Over200 Facilities
" Less Than 54.5%* 10.5% 9.5% 30.1%
$1,000,000 - (22)
$1,000,001 to 39.4 68.4 143 39.7
$5,000,000 .. | (29)
More Than 6.1 21.1 76.2 30.1
$5,000,000 (22)
Tota! Percent 100.0 100.0 100.0 100.0
(Total Number**) "(33) (19) 1) (73)

* Percentage of column.

* No information was available from 31 MRFs with regard to adjusted capital costs.

TABLE E-18. ADJUSTED CAPITAL COSTS BY DEGREE OF MECHANIZATION (386)

Adjusted Degree of Mechanization
Capital Costs ‘ All
(1989 Dollars) Low High* Facilities
Less Than 46.7%** 16.7% 31.7%
$1,000,000 - (19
$1,000,001 to 50.0 36.7 43.3°
$5,000,000 (26)
More Than 33 46.7 25.0
$5,000,000 (15)

~ Total Percent 100.0 100.0 100.0
(Total Number***) (30) (30) (60)

* Includes Reuter projects.
** Percentage of column.

***No information was available from 44 ‘\dRFs with regard to adjusted capital costs or
degree of mechanization.

wTe CORPORATION E-50



TABLE E-19. OPERATING COSTS (386)

Standard
Sample Mean Deviation Minimum Maximum N
ANNUAL O&M COSTS INCLUDING DEBT SERVICING)
All Faclities* $1,261,625 1,458,152 $54,000 $5,000,000 10
Planned $2,017,600 1,787,587 $168,000 $5,000,000 5
Existing $505,650 399,690 $54,000 $858,000 5

* Nbo information was available from 59 planned and 35 existing MRFs with regard to
-~ O&M costs (including debt servicing).

ANNUAL O&M COSTS (EXCLUDING DEBT SERVICING)

All Facilities** $774,800 765,246 $33,400 $3,000,000 23
Planned $904,333 585311 $84,000 $1,900,000 9
Existing $691,529 872,416 $33,400 53,000,000 14

* No information was available from 55 planned and 26 existing MRFs with regard to
O&M costs (excluding debt servicing).

O&M COSTS PER TON PROCESSED (INCLUDING DEBT SERVICING)

All Fadilities $36.51 16.95 $8.15 $66.66 10
Planned $35.45 4.72 $30.00 $40.00 5
Existing $37.56 24.92 $8.15 $66.66 5

Q&M COSTS PER TON PROCESSED (EXCLUDING DEBT SERVICING)

All Fadilities $32.29 27.69 $5.43 $130.43 23
Planned $20.61 8.90 $11.07 $38.46 9
Existing $39.80 33.06 $543 $130.43 14

RESIDUE DISPOSAL COSTS (DOLLARS PER TON)

All Fadlities $52.49 2291 $11.00 $114.50 39
Planned $50.50 21.73 $12.00 $75.00 14
Existing $53.60 2391 $11.00 $114.50 25

**No information was available from 50 planned and 15 existing MRFs with regard to
residue disposal fees.
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E32 (Cofisction Coata

Collection costs are ditficult to generalize due to several location-specific factors that affect collection
‘productivity, including equipment capacities, distance between stops, set-out practices, waste quantities
(pounds and containers per stop), distance to the MRF, worker productivity, climate, topography, and
traffic. Also, the documentation and reporting practices of public and private sector hauling operations
are inconsistent. As a resuR, littie comparative information is available.

By way of lustration, however, Table E-20 summarizes the projected comparative collaction costs (as of
1990) for various program allernatives in a New York State suburban setting (i.e., lower Hudson Valley)
(786). This analysis highlights the comparative collection costs of intensive and commingled source
separation scenarios based on expected participation and separation efficiency rates for each
alternative. In this specific case, the operating cost per ton (including debt service) of a MRF to process
commingied recyclables compatible with coliection alternative number four was estimated to be $68 per
ton. Theretore, the total prograrn cost for the commingled curbside program of $113 per ton was only
slightly higher than collection costs alone for a comparable intensive curbside program of $99 per ton
(excluding processing).

intuitively, collection costs for the curbside collection of recyclables are higher than for conventional
curbside waste collection. Most collection costs are & function of units served or, to a much lesser
externt, tons collected. The aforementioned curbside services require a dedicated vehicle of special
design, and each truckioad processes less tons per unit of time, due to the densily of materials and
typically the inability to use compaction equipment. Consequently, dedicated collection effectively
doubles variable collection cosis per stop (e.g., per single family househoid). Due to the lower tons per
vehicie, operating and capltal costs: per ton increase as well, the amount depending on the density of
materials collectad, the relative utilization of each vehicie cornpartment, and the distance from the route
to the MRF.
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TABLE E-20. COMPARISON OF COLLECTION ALTERNATIVES (786)

(Once per Week Coliection)
ALTERNATIVE CogT/TON cosTant LAKH/DAY
. Mixed peper and mixed con- 45 27 3.31
tainers in two-compartment
vehicle to high tech MRF.
2. On route sort of news, brown/ 103 4“4 2.32

green glass, clear glass tin/alu-
minum to low tech MRF.

3. Three-way sort of news, com- 48 38 4.32
mingled coatainers, low grade
papers, OTganics to composting

snd MRF.
4, Number 1 with plastics. 45 29 3.50
5. Number 2 with plastics. 9 45 2.51
6. Number 3 with plastics. 46 38 4.50
7. Full sort of news, brown glass, 154 n 2.57

green glass, clear glass, tin, alu-
minum, PET, HDPE, and yard
" waste utilizing two trucks.

wTe CORPORATION

E-53



E4 POTENTIAL ENVIRONMENTAL IMPACTS

Compared to other solid waste management alternatives, recycling, including only the collection and
sortation of recyclables, is accepted by many as enviconmentally benign. There is, however, very limited
technical data to support this hypothesis or the environmental impacts that may be assoclated with
separating recylables directly from MSW or from the reformulation of recyclables into new products. For
this reason, the U.S. EPA's Environmental Criteria Assessment Office has been studying the potential
hazards that may be associated with municipal solid waste recyciing (905). Resulls ame expected to be
available in mid-1992. Also, the Solkd Waste Association of North America, at the request of the U.S.
EPA as part of ts MITE program, I8 also planning an evaluation of facilities which process (for the
purpose of recycling) materials from MSW. Environmental, process design, and cost data will be
evaluated for selected operating MRFS. Results are expected to be available in 1993 (906).

Groundwater resources are largely unaffected by recycling. MRFS for curbside separation programs
typically are constructed on a concrete pad that prevents seepage of any waste poliutants into the soils.
Moreover, these facilities typically handie pre-cleaned, dry, and solid components of the waste stream.
Facilities are usually new and therefore subject to state-of-the-art design and regulatory scrutiny with
respect to surface drainage and run-off. Potential groundwater impacts of mixed-waste MRFs would be
similar to the fuel preparation module of an RDF facilty or front-end processing of a mixed waste
composting plant.

Atmospheric emissions from recycling programs are from two sources: collection operations and
processing facilities. Curbside recycling programs that employ dedicated vehicles increase vehicular
emissions 10 the atmosphere on a unit basis. Emission data on specially-designed recycling vehicles
was nhot identified in the literature search. Atmospheric emissions data from MRFs processing
commingled recyclables also is largely unavailable, except for limited data on a low technology facility in
Groton, Connecticut (787), demonstrating low leveis of particulate, VOC, and metals emissions.

Dust emissions likewise are minimal on route and in each MRF for curbside sorted materials.
Operations usually are conducted indoors where ventilation and localized dust surpression measures are
taken as required. Mixed waste MRF8 experience greater opportunity for dust, but more sophisticated
ventilation and collecting devices are typically used, such as cyclones and fabric filters.

Potential noige impacts are from two sources: collection vehicies and machinery. Coliection vehicles are
equipped with conventional noise abatement devices. Machinery rcise is surpressed by restriction of
operations 1o the interior of buildings.
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Potential vector impacts are minimal in front-end processing systems in general dus 10 the enclosure of
processing operations, ventilation, and pest control. MRFs for curbside source separation programs also
process a cleaner fraction of the waste, which often is pre-washed by the waste generator of food and
other organic residues. The putresciblie waste conieft of the commingled source-separated recyclable
stream entering a MRF can be virtually eliminated with a carefully-controlleci collection program.

Odor emissions are controlisd with similar design features for vehicies and machinery as are used to

control noise and dust. In addition, in mixed waste processing systems such as front-end systems, the

tipping floor areas can be designed to maintain a slightly negative pressure to control odors. Again, due

10 the minimal putrescibie waste content of commingled or source-separated recyclables entering a
MRF, odor is typically not a problem.

ES ENERGY PRODUCTION REQUIREMENTS

Mixed waste processing facilities have energy requirements comparabls to RDF fuel preparation piants,
but MRFs servicing curbside source saparation programs require conceptually less energy to operate.
No information on energy requirements is readily available in the public literature.

One appeal of materials recycling is the reported energy savings available in reprocessing of recycled
materiais and the avoidance of processing virgin raw materials (295, 723, 774, 271). Table E-21
llustrates erergy savings claimed (788, 271) for the Substitution of recycled feedstock for virgin material
in basic manutacturing processes.

TABLE E-21. ENVIRONMENTAL BENEFITS DERIVED FROM SUBSTITUTING
RECYCLED MATERIALS FOR VIRGIN RESOURCES

(modified from 271)
(percentages)

Eavircomental Benefit Aluminum Steel Paper Glass
Reduction of Energy Use 90-97 47-74 23-74 432
Reduction of Air Pollution 95 85 74 20
Reduction of Water Pollution 97 76 35 ' -
Reduction of Mining Wastes - 9 - 80
Reduction of Water Use - 40 58 50

W om nnam Aﬂeu 5‘55



E.6 INTEGRATION WITH OTHER TECHNOLOGIES
Materials recycling plays an integral role in the overall management of municipal solid wastes:

) Composting: Requires materials separation to remove impurities, reduce odor, and
remove inorganics.

() Landfiling: Landfilling benefits from recycling in the sense that the landfill life is
extended when materials are diverted. A MRF can be located at the landtill, reducing
residue disposal time and costs.

) MSW Combustion: Removal of low Btu materials such as metals and glass improves
the fuel quality, whereas removal of high Btu materials such as paper and plastic will
reduce the fuel yield. The higher heating value (HHV) of the fuel will be affected.

A study was conducted on the effects of recycling on Massachusetts’ solid waste combustion capacity
projected to the year 2000 (792). This study considered: 1) the cumulative effects of Massachusetts’
goals of 10 percent scurce reduction and 48 percent recycling by the year 2000; 2) a predicted change in
the percentage of plastics in the waste stream from 7.3 percent in 1990 to 9.2 percent in 2000; and, 3)
the diversion to landfill of non-combustible materials such as white goods, street sweepings, and
unrecycled metals and glass. The net result of these three factors is an estimated increase in the HHV
from 4,754 Btu per pound (without recycling) to 5,884 Btu per pound, a 24 percent increase.

Specifically, this increase can be attributed to the removal of low Btu yard waste, metals and glass, and
non-recyclable, non-combustibles; and an expected increase in the percentage of plastics in MSW in the
year 2000. Removal of high Btu paper and piastic in accordance with the recycling goals is expected to
have a much smaller affect on the HHV than that due to the removal of the low Btu materials.

Most of the combustion facilities in Massachusetts are limited on a heat input basis, and therefore the
quantity of fuel that can be bumed is a function of its Btu content. Any increase in the energy content of
the fuel must be accompanied by a comresponding decrease in the feed rate. The Massachusetts study
estimated that for every Btu per pound added to the HHV, the processing capubility decreases by
approximately 640 tons per year. Thus, Massachusetts will need to provide an additional disposal
capacity of 723,000 tons per year to meet the expected disposal requirements in the year 2000 i the
recycling goaic are achieved.
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E.7 RESEARCH NEEDS

A relatively emerging technology and immature industry segment, materials recovery requires
substantially more research to assess performance and develop improved applications. Primary areas
-of focus are likely to include:

0 Collaction, classification, and analysis of design features, capital costs, operating costs,
and operating parameters of facilities. The focus should be on system costs, including
collection and processing

0 New materials processing techniques, especially for glass

0 New glass collection techniques

(] New uses and applications for recovered materiais of all quality specifications, especially
jow quality specifications

o Environmental impact performance of recycling systems, including collection and
processing

0 Life cycle costing analysis of recycling versus virgin material use in basic products

wTe CORPORATION E-57

e - W A2 B4



148

164

181

185

258

264

265

271

291

295

301

316

325

APPENDIX E. MATERIAL RECOVERX/MAIERIAL.RECYCLING TECHNCLOGIES
REFERENCES

Glenn, J., "1990 BioCycle Survey: Fast Pace for MRF Development,”
BioCycle, May 1990, p.26.

Egosi, N.G. and E.J. Romeo, "Meeting High Expectations Through MRF
Design," Solid Waste & Power, June 1991, p. 48.

Savage, G.M. and L.F. Diaz, "Processing of Solid Waste for Material
Recovery,"” Proceedings of ASME National Waste Processing Conference,
Long Beach, CA, June 1990, pp. 417-426. :

Prosser, H.J., "Waste Recycling in the 1990's," Institute of Waste
Management Seminar on Managing Wastes in the 1990's, Brentwood, UK.
Warren Spring Lab No. W91007, February 1991.

McGrath, S., "Commingled vs Separation Program Design Criteria,"
Proceedings of Sixth International Conference on Solid Waste Management
and Secondary Materials, Philadelphia, PA, December 1990.

Grove, C., "Key Factors in the Curbside Program," Section IV - Planning
the Program. The BioCycle Guide to Collecting, Processing and Marketing
Recyclables, The JG Press, Inc., Emmaus, PA, 1990,

Bullock, D. and D. Burk, "Commingled Versus Curbside Sort," Section IV -
Planning the Program. The BioCycle Guide to Collecting, Processing and
Marketing Recyclables, The JG Press, Inc., Emmaus, PA, 1990.

Robinson, W.D., ed., The Solid Waste Handbook, A Practical Guide, John
Wiley & Sons, Inc., 1986.

U.S. Environmental Protection Agency, Recycling Works! State and Local
Solutions to Solid Waste Management Problems. EPA/530-SW-89-014, January
1989.

U.S. Environmental Protection Agency, Ihe Solid Waste Dilemma: An Agenda
for Action, EPA/530-SW-89-019, February 1989.

U.S. Environmental Protection Agency, Municipal Waste Combustion Study,
Recycling of Solid Waste, EPA/530-SW-87-021i, June 1987.

Savage, G.M., "Design of Materials Recovery Facilities (MRFs)," Proc.,
First U.S. Conference on Munjicipal Solid Waste Management: Solutions for
the 90s, Vol I. Washington, DC, U.S. EPA Office of Solid Waste, June
1990.

Marks, A. and M. Gold, "Rhode Island Tackles Curbside Recycling,” Waste
Alternatives/Recycling, published by Naticnal Solid Wastes Management
Association, June 1988, pp. 34-38.

wTe CORPORATION E-58



327

332

334

336

339

386

347

669

723

764

765

766

767

769

770

Snow, D., "Trends in Collecting Recyclables,” Waste Alternatives/Waste
Reduction and Recycling, published by the National Solid Wastes
Management Association, June 1989, pp. 58-65.

Marcellino, M., "MRF Automation Making Strides into High-Tech,"
Recycling Today, July 1989, p. 38.

"Single-Container System Advantages," Waste Age, April 1989, pp.
129-132.

Bernheisel, J.F., "An Introduction to Materials and Markets," Waste Age,
April 1988, pp. 109-118.

Guttentag, R. and BE.G. Arnold, "What is a MRF?" Waste Alternatives/Waste
Reduction and Recycling, published by the National Solid Wastes
Management Association, June 1989, pp. 37-46.

Berenyi, E. and R. Gould, 1990-91 Materials Recovety and Recycling
Yearbook, Directory & Guide. Governmental Advisory Associates, Inc., New
York, NY, 1990, )

Rankin, S., "Recycling Plastics in Municipal Solid Wastes I: Myths and
Realities," J. Resource Management and Technology, October 1989, pp.
143-148.

Powell, J., "Keeping it Separate or Commingling It: The Latest Numbers,"
Resource Recycling, March 1991, 3 p.

Office of Technology Assessment, Congress of the U.S., "Facing America's
Trash: What Next for Municipal Solid Waste?," Washington, DC, 1988.

Deshaye, Joyce, "Study Provides Insights Into Recycling,"” Resource
Recycling, April 1990, 4 p.

Rhode Island Solid Waste Management Corporation, Request for Proposals
for a Materials Recycling Facility to be Located at Quonset Point/
Davisville Industrial Pa?k, North Kingstown, Rhode Island, 20 Oct 1989.

Gaston County, NC, Request For Proposals to Develop a Materials Recovery
Facility To Serve Gaston County, North Carolina, 22 Sep 1989.

Monmouth County, NJ, Request for Proposals for a Solid Waste Disposal
and Resource Recovery Facility, Monmouth County, New Jersey, prepared by
HDR Engineering, Inc., July 1989.

Culviner, P., "McMRFs: Mobile Recycling," Waste Age, May 1991, 3 p.
Delaware Solid Waste Authority, Request for Proposal: Establishment,

Operation, and Maintenance of Statewide Recycling Centers, September
1990.

wTe CORPORATION E-59



772

773

774

776

777

778

779

780

782

783

785

788

792

904

905

Keep America Beautiful, Inc., Overview: Solid Waste Disposal
Alternatives, April 1989,

Chertow, M., Garbage Solutions, A Public Official’s Guide to Recycling
and Alternative Solid Waste Management Technologies, United States
Conference of Mayors, Washington DC, 1989.

Franklin Assoclates, Characterization of Municipal Solid Waste in the
United States: 1990 Update, U.S. Environmental Protection Agency
EPA/530-SW-90-042, Washington, DC, June 1990.

National Solid Wastes Management Association, Recycling in the States,
Mid-Year Update 1990, Washington, DC, 1990.

Porter, J. W., Municipal Solid Waste Recycling: The Big Picture, U.S.
Conference of Mayors Recycling Conference, 29 March 1990.

Glenn, J. and D. Riggle, "Where Does the Waste Go?" BioCycle, April
1989, 6 p.

1
1

"New Age Drop-off Programs," The BioCycle Guide to Collecting,
Processing and Marketing Recyclables, The JG Press, Inc., Emmaus, PA,
1990.

Personal Communication with M. Bobinski, DPW Director, Concord, NH,
1941,

Finelli, A., "Secondary Materials Markets: A Primer," Solid Waste &
Power, August 1990, 5 p.

Salimando, J., "Rhode Island’s State-of-the-Art Plant," Waste Age,
September 1989, 4 p.

"MRFs Move Ahead," The‘BioCycle Guide. to Collecting, Processing and
Marketing Recyclables, The JG Press, Inc., Emmaus, PA, 1990.

Thurner, C. and D. Ashley, "Developing Recycling Markets and
Industries," National Conference of State Legislatures, Washington, DC,
July 1990.

Neal, D., "Effect of Recycling on Solid Waste Combustion Capacity in
Magsachusetts,” New England Environmental Expo, Boston, MA, 21 May 1991.

Delaware Solid Waste Authority, Annual Report 1991.
Personal Communication Between David V. Bubenick of wTe and Eletha-Brady

Roberts of the Environmental Criteria Assessment Office, U.S. EPA,
Cincinnati, OH, 20 March 1992.

wTe CORPORATION E-60



906 Solid Waste Association of North America, Request for Proposals to
Provide Consulting Services to Analyze and Evaluate Materials Processing
Facilities for Recycling Operations, prepared for the U.S. EPA MITE
Program, 17 March 1992.

wTe CORPORATION E-61



l) “ il Lt

1. NREL Report No.
NREL/TP-431-4988G

2. NTIS Accession No.

Document Control Page
) DE92016433

3. Reciplent's Accession No.

4. Title and Subtitle

Data Summary of Municipal Solid Waste Management Aliernatives. Volume VIL:
Appendix E-~Material Recovery/Material Recycling Technologies

5. Publicetion Date
October 1992

7. Author(s)
SRI International

8. Performing Organization Rept. No.

9. Performing Organization Name and Address

SRI International
333 Ravenswood Ave.
Menlo Park, CA 94025-3493

10. Project/Task/Work Unit No.
WM21.1010

11. Contract (C) or Grant (G) No.
(C) RF-1-11003

(@)

12. Sponsoring Organization Name and Address

National Renewsble Energy Laboratory
1617 Cole Blvd.
Golden, CO 80401

13. Type of Report & Pariod Covered
Subcontract Report

14.

15. Supplementary Notes
NREL Technical Monitor: Bimleshwar Gupte and Philip Shepherd (303) 231-1760

16. Abstract (Limit; 200 words)

data base.

The overall objective of the study in this report was 1o gather data on waste management technologies to allow comparison of
various alternatives for managing municipal solid waste (MSW). The specific objectives of the study were to:
1. Compile detsiled data for existing waste mansgement iechnologies on costs, environmental releases, energy
requiremnents and production, and coproducts such as recycled materials and compost.
2. Identify missing information necessary to make energy, economic, and environmental comparisons of various MSW
management technologies, and define needed research that could enhance the usefulness of the technology.
3. Develop a data base that can be used o ideniify the technology that best mests specific criteria defined by a user of the

Volume I contains the report text. Volume II contins supporting exhibits. Volumes I through X are appendices, each
addressing a specific MSW management technology. Volumes XI and XII contain project bibliographies.

17. Document Analysis
a. Descriptors
municipal waste; waste to energy; resuurce recovery: recycling

b. Identifiers/Open-Ended Terms

c. UC Categories
S 249

18. Avallability Statement
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

19. No. of Pages
67

20. Price
A04

Form No. U0SUE (5-30-87)










