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NOTI CE

Thi s docunent is intended to assist regional, state, and | ocal
community personnel, as well as individuals or corporations
considering the establishnment of a material recovery facility
(MRF). This docunent is not a regulation and should not be used as
such. The users of this handbook nust exercise their discretion in
using the information contained herein as well as other relevant
i nformati on when eval uati ng MRFs. The devel opnent and conpil ation
of the guidance and information contained in this handbook has been
funded wholly or in part by the United States Environnental
Protecti on Agency through Contract 68-03-3490 to PEER Consul tants,
P.C..

Mention of trade nanes or comercial products does not
constitute endorsenent or recomendation for use.



ABSTRACT

The purpose of this docunment is to address the technical and
econom ¢ aspects of material recovery facility (MRF) equi pnent and
technol ogy in such a manner that the docunent may be of assistance
to solid waste planners and engineers at the local comunity |evel
This docunment points out what technically can be done, what
materi al specifications can be achieved, and what the different
manual and mnechanical materials separation and recovery approaches
can cost.

Thi s handbook is designed for use primarily by engineering or
other technically trained personnel who are engaged in sone aspect
of design, specification, purchase, or inplenentation of MRFs.
Sources of information for this docunent include the design
engi neering comunity, vendors of equipnment, and various studies
funded by the U S. EPA O course, nmany presently operating MRFs
al so served as prine sources of information
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SECTION 1
I NTRODUCTI ON

The purpose of this docunent is to address the technical and
econom ¢ aspects of material recovery facility (MRF) equi pment and
technology in such a manner that the docunent may be of assistance
to solid waste planners and engi neers at the | ocal conmunity |evel.
This document points out what technically can be done, Wwhat
materi al specifications can be achieved, and what the different
manual and nechanical materials separation and recovery approaches
can cost.

This technol ogy transfer document is a handbook intended for use
primarily (but not exclusively) by engineering or other technically
trai ned personnel who are engaged in sone aspect of specification,
purchase, or inplenentation of MRFs. It should be noted that this
handbook offers some design-related infornation, but is not
intended to be a design guide. For this docunent, a MRF is defined
as a central operation where comm ngled and/or source separated

recyclables are processed nechanically or nmanually. Here, a
separation and/or beneficiation of recyclables prepares them to
meet market specifications for sale. Sources of information for

this docunent include the design engineering conmmunity, vendors of
equi prent, and U.S. Environnmental Protection Agency (U.S. EPA) and
ot her federal agency docunentation of process evaluations for MRFs.
O course, nmany presently operating MRFs also served as prine
sources of information

Thi s docunent focuses primarily on equi pnment and methods for the
separation and handling of separable or already source-separated,
recyclable constituents in the typical nunicipal solid waste
stream For any single recyclable constituent within the solid
waste stream alternative approaches are identified for separation
and recovery (nanely, manual versus fully automated versus sone
kind of conbined approach utilizing both manual and nechani cal

nmet hods) . For each piece of equipnent in any approach, the
docunent addresses: the basis of design; theory of operation;
sizing: and equipnment needs such as shredders, balers, etc. The

docunent descriptions include any limtations on materials in the
feed to the equipnent, area requirenents, building requirenents,

possible citing and permtting requirenents, industrial health
concerns, and |level of operator experience and training needed for
proper operation. In addition, economc factors are discussed:
purchase price; wutility requirenents; maintenance costs: |abor

costs ; auxiliary equi pnent pur chase needs: si zi ng: space



requi renents; redundancy requirenents; and all aspects necessary
for the devel opment of perfornmance and equi pnent specifications

The key focus is on the percent waste reduction (efficiency) and
costs. The docunent is intended to give guidance to the engineer
as to what should be incorporated into startup, inplenentation and
acceptance testing of any equipnent and systens to be included in

t he IVRF.

MRFs are relatively new in the solid waste nanagenent field, but

their popularity is fast increasing. |In the early 1980s, the first
MRF was established in Goton, Connecticut. This facility was
primtive by today's standards (not full scale). The G oton

facility today is operational, but it does not accept any of the
paper or plastic streans, which are vital and integral conponents
of any full-scale MRF. Recently 104 MRFs were identified in the
U S wth about one-third operational, about half (51 percent) in
early or advanced stages of pl anni ng, 11 percent under
constructi on, and 4 MRFs tenporarily shutdown or undergoing
significant retrofitting (GAA 1990).

An obvious question to many parties is the sudden increased
interest in the MRF as an approach to processing solid waste.
Interest stens from

desire to reduce MBWgoing to landfill.:-

achieve this reduction by maximzing recycling;, and

MRFs sinplify generator requirenments, and thus increase
participation in recycling.

The probabl e principal reason is that as solid waste di sposal costs
keep rising, a greater inpetus develops in the favor of recycling,

.and the devel opnent of nore MRFs. For exanple, when landfill costs
were |ess than $10 per ton, recycling nost of the waste stream was
not economcally attractive to the waste industry. However, now

with tipping fees in sone areas approaching, or even exceeding,
$100 per ton, waste nmnagers are willing to spend nore tine and
noney on recycling.

The appeal of MRFs seens to fall into three principal categories
(Biocycle, 1990):

. the feedstock of nobst MRFs is comm ngled recycl abl es;
collection needs can be sinplified, and
materials processed through MRFs are nore marketable.

Citizens are encouraged to participate in a MRF operation, and as
a result of this success of citizen participation, higher volunes

of materials will be taken from the solid waste stream Second,
because of the comm ngled nature of recyclables, collection vehicle
needs can be sinplified. Need for nmulticonpartnent vehicles is

reduced: nornmally only two conpartnents are required. Col l ection
times and costs can al so be reduced, because less tine is spent at
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the curb sorting materials or enptying several containers.
Finally, nost advocates believe that materials processed through
MRFs are nore marketable. They feel that the products of MRFs are
cl eaner, can better nmeet industry standards, and that the
consistent volunme of material that they can generate helps to
assure a market.

The desi gn of MRFs nust be such that comm ngl ed recycl abl es can
be separated, and the separated materials processed into narketable
comodi ties. Mst M¥F vendors have their own basic design concept,
but they maintain the flexibility to nodify their design depending
upon the specific requirements of the individual MRF. I'n other
words, vendors can respond to the needs of the community and try to
provide a systemthat will process the recycl ables that are comon
to that comunity.

Even though many of the MRF systens are highly nmechani zed, there

are still nmany jobs that are best done by humans. For exanple
nearly all of the systens presently in use hand sort glass by
col or. This approach is still the nost reliable way to ensure
quality. In any case, the trade-off between the nmanual and
nmechani cal MRFs is capital cost versus operating cost. The highly
nmechani cal systenms have a capital cost that ranges from 75 to 100
percent higher than those for the manual systens. A life-cycle
cost analysis over the operational life of the facility may show
that the higher operational costs for |abor intensive nanual
systens will become nore inportant than the initial higher capita
costs for mechanical systens. However, operating experience for
either type system is still too limted to allow independent
eval uation of the actual useful life of such facilities.

- The chief processing problemin any MRF is separating the m xed
bottles and cans. Most of the MRF systens utilize a nagnet to pul
the steel cans fromthe mxed materials. Once the ferrous materi al
is separated it can be either shredded or bal ed, dependi ng upon the

market. The remaining fraction then includes t he gl ass, al um num
and plastics. At this point in the process, nechanical systens can
be used to either separate the lighter fraction, alumnum and

plastics, fromthe glass. The nore manual systens normally utilize
workers to performthis function as well as to separate the gl ass
by col ors. The nechani cal systens, however, still normally use a
manual sort for separating glass colors: after the glass is
separated it can be crushed and stored for market. Al um num can be
separated fromthe m xed materials either manually or with al um num
separating equipnment such as eddy current separators. When
plastics are accepted at the MRF, they are normally separated by

type.

Wiile theoretically all the materials comng into a MRF shoul d
be recyclable, it has been shown that systens always have sone
resi dues. Such residues include contamnation that is mxed in
with the recycl abl es, sonme nonrecoverable materials (such as broken

1-3



m xed glass in a comm ngled, source-separated stream and sone
mat erial s which cannot be properly recogni zed by the sort mechani sm
used in the MRF. The anount of residue depends heavily upon the
processing efficiency of the facilities, and this is governed in
many instances by how well the community has separated its
recyclables, and by what collection nethod is used. For exanpl e,
if residents persist in disposing of nonrecyclable material in the
system, then understandably the anpbunt of residue increases.

1-4



SECTI ON 2
SPECI FI C APPROACHES TO MATERI ALS RECOVERY

2.1 | NTRODUCTI ON

The purpose of this section is to provide the reader with a
basis for wunderstanding, conparing, and evaluating the relative
nmerits of different approaches and solutions to the problens of
materials recovery. The information presented herein should be of
value to those public officials charged with review and decision-
maki ng responsibilities as well as to those individuals responsible
for MRF planning and design.

2.2 CONCEPT DESCRI PTI ON

Several approaches have been proposed for the recovery of

materials from nunicipal wastes over the past 40 years. The
proposed schenes range from |lowtechnology (i.e., |ow capacity,
relatively sinple, labor-intensive, mninmm hardware) processes to
hi gh-t echnol ogy (i.e., hi gh  capacity, relatively conpl ex,
nmechani cal -i ntensive, high capital and operation and maintenance
costs) concepts. Simlarly, a nyriad of devices have been

suggested for segregating one or nore materials from the waste
stream The decision to sel ect one approach versus another one is

affected by a nunber of factors. Some of these factors include:
si ze; cost; | ocati on: envi ronment al i mpact s: and econom c
conditions of the particular area. There are a |arge nunber of

conceptual designs and conbinations of equipnent that could be
descri bed, designed, and i nplenented. The scope of this docunent

does not permt Ilengthy descriptions of all possibilities.
Consequently, the specific approaches and concepts described in
this docunent have been limted to only sone options. In addition

in order to avoid m sunderstandings, definitions of inportant terns
used in the docunent are provided in Appendix A Descri ptions of
the concepts and conditions used in the docunent follow

2.2.1 Basic MRF

The discussion of design and operating procedures for MRFs is
based on a "conceptual" or "basic" MRF. Sone variations from the

basic design are used to focus on sone specific points.

The basic MRF discussed in this docunent is one which is
desi gned, constructed, and operated under a few sets of conditions.
The conditions apply to the incomng waste and to the storage,
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processi ng,

conditions for

and shipping of the recovered materials. The

each of these itens are as foll ows:

1. I ncom ng Waste

The facility —receives only source separated
mat eri al s. The materials are delivered in two
di stinct forns. One stream consists of paper and

t he other of conmm ngled containers.

Materials that would be delivered to the facility
in the conm ngl ed container streaminclude: ferrous
netals, alumnum glass, PET, and HDPE

Recycl able materials are delivered to the facility
via commercial collection vehicles.

The facility is not designed to accommodate
sel f-haul vehicles.

2. Storage, Processing, and Shipping

For each of the two incomng fractions of
recyclable materials, the facility will provide raw
materials  storage, neans for separation and
processing, storage for finished products, and
nmeans for shipping the finished products in the
nost appropriate form A description of these
conditions is presented in Figure 2-1.

The types of finished products from the incom ng
paper stream i ncl ude: newspaper: m xed paper: and
sone corrugat ed.

The types of products from the comm ngl ed contai ner
stream include: ferrous containers; al um num
contai ners; PET bottles; HDPE containers; and gl ass
jars and bottles.

The fornms and conditions in which finished products
are to be shipped (and thus, the processing
necessary to produce those forns and to prepare
them for shipnent) are dependent upon the economics
of processing as well as upon the specifications of

the markets. Financial wviability and nmarket
requirements are two nmjor considerations that
affect the design of a MRF. It would not be

financially feasible, for exanple, to increase
pr oduct quality beyond that which would be
necessary to market the entire output from the

facility.
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Currently markets do not exist for all of the materials that can be
recovered fromthe waste stream In those markets that do exi st,
the market specifications are varied. Some of the forns and
conditions applicable to the finished products include:

. Paper
Separated by grade
Bal ed (bale size and/or weight specified), or |oose
Dry (or may include wet)
G ean (or contam nated or not weat hered)

. Ferrous Containers
Fl attened, unflattened, or shredded
Label s renmoved (or not)
Cean (or with limted food contam nation)
May or may not include binetal
Loose, baled, or densified into biscuit form with
bale or biscuit size and/or weight specified

. Al um num Cont ai ners
Fl at t ened, shr edded, bal ed, or densified into
biscuit form with bale or biscuit size and/or
wei ght specified
Free of noisture, dirt, steel, foil, lead, plastic,
gl ass, wood, gr ease, oil, or other foreign
subst ances

. PET and HDPE (handl ed simlarly)
Bal ed, granul ated, or | oose
Separated by color or type or m xed
Wth or wthout caps

. d ass
Separated by color and/or m xed
Size of cullet (maximum and/or mninmum specified
Nature and anount of allowable contam nation, if

any, specified

. Gener al
Avai |l abl e markets for secondary materials typically

specify the nmeans of packaging and shipping each

product . The specifications depend upon |ocation
and end-use. The specifications often include the
fol I ow ng:

0 Skids or pallets

0 Bundl es, bins, boxes, cartons, or druns
0 Trail er | oads

0 Rol | -of fs

0 Rail cars

2-4



2.2.2 Variations from the Basic MRF

In the text to follow, references and comments will be nade to
designs of MRFs which vary fromthe "basic" MRF. The comnments are
made because there are sone facilities that have been designed in
t hat manner. In addition, the current climate in the industry
points in those directions. These variations include:

1. The facility receives only source separated nmaterials in
a single incomng waste stream

2. The facility also receives other source separated
materials such as vyard waste, wood waste, tires,
corrugated, mxed netals, wused motor oil, lead and
batteries, wused clothing, appliances, other plastics,
etc.

3. The facility receives mxed nunicipal solid waste (NMSW
in addition to source separated materials.

4. The facility receives only m xed NMSW

5. In addition to receiving recyclables and/or mxed MW

from commercial haulers, the facility receives mxed MSW
from sel f-haul vehicles.

6. In addition to the recovery of recyclables, the facility
produces a refuse derived fuel (RDF).

7. In addition to the recovery of recyclables, the facility
prepares a conpostabl e feedstock

2.3 TECHNI CAL

2.3.1 Waste Characterization

In order to properly design a MRF it is advisable (in sone
states necessary to conply with |egislation), anong other tasks, to

perform an analysis of the waste stream i.e., a waste
characterization study, so that the variety and relative quantities
of incomng materials can be identified and determ ned. Act ua

field neasurenents are the preferred nethod of waste analysis. An
exanple of the conposition of residential curbside recyclables is
presented in Table 2.1. These relative quantities are influenced,
for each community, by various factors including:

1. State "bottle bills" which offer a financial incentive to
the consuner to return the container (netal, glass,
and/or plastic) to the seller thereby reducing the
guantity of the item(s) from the incom ng waste stream

2-5



TABLE 2. 1. EXAMPLE OF COWPOSI TI ON OF RESI DENTI AL
CURBSI DE RECYCLABLES*

Mat eri al % by wei ght

Newspaper 33
M xed Paper 41

Tot al Paper 74
d ass Bottles

d ear 11

G een 4

Br own 4
Tin Cans 4
Al um num Cans 1
Pl astic Containers

PET 1

HDPE 1

Total Conmmi ngled Containers 26

TOTAL 100

*

Not to be considered as either average or typical.

in the incomng waste stream

Significant variations in the relative quantity of

item(s) in the waste stream may occur due to seasonal

influences (beverage containers in resort areas,
exanpl e) . In addition, changes in population,

experienced at seasonal resort areas, nmay have a narked
consequence on the anmounts and types of wastes generated.

Community recycling education prograns.

2-6
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5. Community mandated and enforced recycling prograns versus
vol untary recycling prograns.

6. Rel ative ease (or difficulty) of participating in a
curbsi de recycling program

7. Tipping fee differentials between those at disposal
facilities and at a MF and/or the banning of sone
conponents (e.g., tires, yard waste) from disposa

facilities may bias the conposition of the incom ng waste
stream at those facilities.

2.3.2 Mass Bal ance

2.3.2.1 Introduction and Prelimnary Considerations--

In addition to determning the relative quantities of the
various conponents in the inconmng waste streans in order to
provide for the storage, separating, and processing of the raw
materials as well as for the handling of residue and for the
storage and shipping of finished products, it is necessary to
determine the anticipated anounts of each of these conponents.

The process by which this is acconplished is called a "mass
bal ance" analysis. A proper mass bal ance analysis considers the
nature of the incom ng waste streans, the |level of technology to be
enpl oyed in the separation and processing of materials, the narket
specifications for the end products, the economc justification for
separating and processing materials, and the |egislated or project
desi gnated waste diversion |evels which nust be net. An inportant
factor to consider before beginning the mass bal ance anal ysis and

the subsequent sizing of the MF and its subsystens, is the
anticipated total tonnage which the facility will be called upon to
handle. It is inperative that this total be identified and defined
as accurately as possible. Lacking such identification and

definition, it is highly inprobable that the facility will perform
as desi gned.

Exanpl e: A waste characterization study and landfill records
indicate that a community currently generates 46,500 TPY of
residential recyclables. Aso, through the use of pilot prograns
and or know edge of experiences in simlar communities, it is
estimated that 70% of the househol ds nay be expected to participate
in a curbside collection program then:

46, 500 TPY residential recycl abl es generated
x 0.7 househol d participation rate

32,500 TPY nmaxi mum avail able for cur bsi de
col l ection
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However, it is also realized that within each participating average
household, only 80% of the possible recyclable materials wll
actually be placed at curbside for collection, then

32, 500 TPY nmaxi mum avail abl e

X 0.8 household internal participation rate

26, 000 TPY collected at curbside and delivered
to facility.

A MRF may be planned to operate 52 weeks per year, 5 days per
week, or 260 days per year. Wien a holiday falls on a weekday t hat
day may be nade up on the weekend, then:

26, 000 TPY = 100 TPD coll ected at curbside and
260 days/yr delivered to MRF

Care nust be taken that anticipated growh in the popul ation and
the probable corresponding change in the waste stream quantities
are allowed for. This does not nean that the facility mnust be
built to deal with the waste stream 20 years from now, but it does
suggest that sone planning needs to be carried out for that future
requi rement. Schedul ed | egislated waste diversion rates al so have
a bearing on facility sizing.

If the facility is to be properly sized, then the facility
capacity nust be defined for the tipping floor as well as for the
processing lines (schedule for receiving nmay be different from
processi ng) . In addition, the intended nunmber of hours per day
(e.g., 8,12,16) and days per week (e.g., 5,6,7) for receiving and
processi ng waste nust be defined. Further, the size of the product
areas should reflect the frequencies of the shipping schedul es

-Al'so, the peak throughput capacity of the facility must be set to
conpensate for surges in throughput experienced after special

events, |ong weekends, major holidays, etc.

From a purely economc standpoint, it s generally
advantageous to utilize a facility as continuously as possible at
its design capacity. However, there are considerations which

dictate that the facility be operated |less than 24 hours per day
and/or 7 days per week, including:

. traffic to and fromthe facility:
noi se:
time allocated for preventive naintenance:
| oss of efficiency on second and third shifts (if nornal
operati on depends upon two or three shifts, there is |ess
opportunity to nmake up for the inevitable down tine); and
substantial changes in waste deliveries during the year
(e.g., at resort areas).
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2.3.2.2 Process Flow Chart and Mass Bal ance--

For the purpose of exanple, it is assuned that the facility
will receive 100 TPD of paper and conm ngl ed recycl able containers
in the proportions according to Table 2.1. The overall flows and
mass balance may be represented on a summary flow chart as
illustrated in Figure 2-2. A 90% recovery rate has been assuned
which results in 10 TPD of residue to be landfilled. The designer
should realize that the greater the separation of materia
categories that occurs at the source, the higher the probable
recovery rate of those recyclables at the MRF

2.3.3 Technoloay Considerations for a Basic MRF

The separation and processing steps required or desired at a
MRF are influenced by market requirements, by the characteristics
of the feedstock, and by the econom cs associated with separation,
processing, and transportation. Additionally, in geographical
areas where |abor wages are historically Iow and unenpl oynent high
there is greater reason to favor a labor intensive approach than
there is in those areas where |abor is scarce and | abor wages high.
The total quantity of materials and the relative percentages of
material grades or categories will have an effect upon the nethods
enpl oyed for recovery and processing, and nost certainly upon the
equi prent selected to recover and process the various nmaterials.

Tables 2.2 and 2.3 address sone of the nore common design
considerations of 1low- and high-technology systens. The
conbi nations of low and high technologies are virtually wthout
end.

2.3.4 Finished Product Specifications

A select list of grades and definitions adapted fromthe Scrap
Specifications Crcular 1990 as issued by the Institute of Scrap
Recycling Industries Inc. (ISRI) is presented in Appendix B. The
material in Appendi x B provides specifications for tin and al um num
cans. Finally, Appendix B presents exanples of actual buyer
specifications for various recyclable materials.

2.3.5 Fl ow Chart and Mass Bal ance--Low Technoloqgy

Using the proportions of recyclable materials as shown in
Table 2.1, the flow chart and nmass bal ance for the paper line are
shown in Figure 2-3. Simlarly, Figure 2-4 is a flow chart and
mass bal ance for the commingled container line. Wth reference to
either of these two figures the reader will note that nore or fewer
separations nmay take place at the sorting station. In the case of
the paper line, Figure 2-3, it is possible that the only product
desired is "mixed paper" in which case it is only necessary to
renove whatever material is considered to be contamnating to the
product. O, as markets develop or change, it may prove to be of
value to separate corrugated, office paper, or mxed paper

2-9
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TABLE 2. 2. COVMON DESI GN CONSI DERATI ON OF LOW TECHNOLOGY SYSTEMS
Material Basic Tipping Infeed Sorting interim Preparatlon Finished
Feedstock Floor Conveyor Conveyor Storage for Shipping Product
(or room) Storage
Paper Mixed wet & Handpick tiandpick Handpick In piles on Ship loose, as In piles on
dry paper, occ 8 occ & occ. processing is, or baled processing
including contaminants contaminants magazines, floor or in floor, in bins,
newsprint, high-grades, bins or compacted
old corrugated mixed paper, or baled in
containers etc. transport
(OCC), high- vehicles
grades, books,
magazines, &
contaminants
Commingled Tin, bimetal, & Handpick Handpick Handpick In piles. bins, Ship loose, In piles, bins,
Containers aluminum cans, centaminants contaminants; plastic, or containers as is containers, or
plastic, & glass magnetic aluminum, transport
containers, & separator for contaminants vehicles
contaminants ferrous
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TABLE 2.3. COMMON DESIGN CONSI DERATIONS OF It IGH TECHNOLOGY SYSTEMS
Material Basic Tipping Infoed Trommael Sorting Interim Preparaticn Finished
Feedstock Fioor or Conveyor Convayor Storage for Shipping Product
Special Station {or room) Starage
Paper Mixed wet & dry Handpick OCC Grapple or {ront- Separates Handpick Accumulated in Awo-tie baier tn stacks or
paper, including & conaminants end bader oversze OCC remaining OCC, bins or bunkers bales on
newsprint, okd asssted by a &/or newspaper magazines, high-  befare being processing floor
comugated con grapple &for from mxed grade, & mixed seloctively of stacked in
tainers (OCC), high  front-end bader paper papet, etc comveyed to transport vahicle
grades, books, baier
magaznes &
comaminants
Material Bask Tipping Floor Infesd Conveyor Screen Traveling Chain Curtaln
Feedstock or Spacial
Station
Commingled T, bimeal & Handpick Handpick contaminarts; magnetic Bioken glass recovered as underszed  Separate aluminum and plastic from
Containers aluminum cans, conaminants separator lor ferrous malerials glass
plastic and glass
contarers, &
comaminants
Material Sort Bale Biscult Shred Alr Classity Store
Ferrous Manual separaton With auo-tie With can in stacks on processing fioor,
(Bimetal) of tin cans and baier densier and OUIdoOrs, Of In 3 Iranspod vehcle
bimetal (¥ required) pafletize
Fefrous Manua! separation With auo-tie Wih can With can To remove Convey shvedded carns 1 outsde
(T Cans) of tin cans and baler densfier and shredder labels transpor vehicle, of bales or bescurs
bimeta! (I required) paketize in stacks on procassing fioor,
oudoors, of in a transport vehcie
Material Separate Flatten Store Bale Store Biscuit Store
Aluminum Eddy current Weh can Pneumatically With auto-tie Inbales on Compress n a {n stacks on the processing focf or
apparatus flattener convey ko baler processing floor densiier and outdoors of In a Iransport vehicie
separates outside trars- of oUdoors paketize
akyminum from port vehicle
plastic
Material Sort Interim Perforate Bale Stors
Storage
Plastic (PET) Manual sort of in overhead Drop from overhead hopper or Mechancally or pneumatically from in stacks or bales on processing fioor
PET, HOPE, ather hoppers pneumatically convey to perforator periorator 10 auto-tie baier of outdoars i transpont vehcles
Material Sort Interim Granutate Bale Stors
Storage
Plastic Manual sort of In overhead Drop from overhead hopper or Mecharnically or pneumatically convey Granulated n gaylords on processing
(HDPE} PET, HDPE, other hoppers pneumatically convey o granulator from hopper to auto-lie baler fioor before loading into transport
vehicle, baled in stacks on processing
{loor of owrdoors in ransport vehicles
Material Sort Crush Upgrade Store
Glass Optical astomatic sort or hand son by To meet markel specfications Remove paper labeks, metal bds, & in burkers for loading by front-end

colot

other comaminants by trommet and/ot
air classifier

toader, of n overhead bins for
selecitvely conveying 1o lransporn
vehcles




£€T-¢

2977  7TTTT7C . Baler -----

|
J
33.08 Newspaper | e
— : 66.99
Newspaper -
Paper Products
74.43 _ . 37.22 .
——— P> Sorting Station Shipped Loose
Total Mixed (or in Compactor Trucks)
41.35 Paper Paper to Markets
Other 7.44
Paper
Residue
to Landfill

S —
4 Quantities shown in TPD

' _ ''= Alternate process

Figure 2-3. Flow chart and mass balance--low technology--
paper line.



*SUTT JIauTejuod paTbutwwod
--AboTouyosl MOT--ddueleq SSBW pue JIeyd MOTd °p-g oInbrg

[

| QdL u umous semueny

EdClH/.LBd

gzge
sue)
[ljpueT o} slauleu0) wnuiwnjy
anpIss B -_—
PISod | uonels buog - uonesedog 4% S0't
6.2 Z 822 onauben /562
| snoJlo4
)
YA A
ssen
08'8t
€20 ¢ uone;s
(< Bupos
3d0H
SSE[D /13d ‘wnjy ull | leyswlg uiL | jejswig
72679 L €0'¢ S6°0 t2'0 010 | 80°Z a0

sjeusie|
paloAoday [eloL

8/°¢¢

14



products. The system can be designed to accommobdate such changes

with mniml capital

expendi t ure.

In the case of the conmngled container line, Figure 2-4, it

is also possible to

i ncrease or decrease the nunber of materia

categories separated from the incom ng stream For exanple, glass

can be sorted by col or,

if warranted: or tin cans, if no narket is

available, are permtted to join the residue to be landfilled.In

each case depicted

in Figures 2-2 through 2-4, a 90% material

recovery rate has been assuned. In actual practice there are many

factors which have an
these factors are

TABLE 2. 4.

i nfluence on this recovery rate. Some of
in Table 2.4.

FACTORS AFFECTI NG MATERI AL RECOVERY RATE

Factor

Exolanation

Market Specifications

Contamination of
Incoming Materials

Glass Breakage

Relative Quantities per
Sorter

Equipment Design

Human Factors

Fictitious Ueights

“Loose" (i.e., unconstrained) specifications potentially
increase recovery rates over those recovery rates that are
attainable in the case of “tight" (i.e., constrained)
specifications

This factor is closely related to that of market specifications
in that some markets Will accept products which other markets
consider as unacceptable because of contamination

This factor applies to glass containers and it is influenced by
the manner in uhich the containers are set out, collected,
transported, sorted, and handled at the Facility. Broken glass
is more difficult to sort than unbroken glass

Over a given period of time, the greater the number of units of
any given recyclable a sorter must separate from the waste
stream, the lower the recovery rate. Conversely, recovery can
be increased by increasing the number of sorters utilized

Proper design of conveyors and separation equipment for the
types and quantities of materials handled, directly affects
recovery rates. For example, an excessive bed depth of
commingled containers on a conveyor can substantially limit the
manual or automatic recovery of any given material

Providing a clean, uell-Lit, and pleasant environment in uhich
to work uith particular attention to worker training, safety,
health, and comfort will tend to increase recovery rates

Most MRFs are nou equipped with a truck scale and scale house.
Additionally, values for tare weights for regular haul vehicles
are either in the scale’'s computer data base or they are
determined after tipping. Care must be taken, particularly
during periods of inclement weather, that the weight of an
incoming load does not include an inordinate amount of free
water from a recent rain or snowstorm which would inaccurately
represent the ueights of incoming materials.
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2.3.6 Flow Chart and NMass Bal ance--Hi gh Technology--Paper Line

Using the proportions of recyclable materials as shown in
Table 2.1, the flow chart and mass bal ance for the paper line are
shown in Figure 2-5. Wth reference to this flow chart, the
incomng paper is conveyed to a tronmel (a rotating cylindrica
screening device) so designed that |large material (newspaper and
corrugated) will pass through the cylinder (oversize material, or
"overs") while small material (mxed paper) wll fall through the
screen openings as undersized material ("unders"). Provi si on
should be nade at the trommel inlet to nmanually divert extra-Iarge
pi eces of corrugated which may jam the system It should be noted
that the tronmel nmay al so be designed to renpve grit and gravel and
ot her conponents smaller than mxed paper that would contam nate
the end product.

At sorting station #1, unacceptable materials are renoved for
landfilling. In addition, corrugated and m xed paper are separated
from the newspaper stream The trommel "unders" (i.e., m xed
paper) are conveyed to sorting station #2 where unacceptable
materials are renmoved for landfilling. The remai ni ng paper joins
the corrugated renmoved from sorting station #1. Newspaper and
m xed paper are collected separately and accumnul ated in individual
bins. Each paper category is separately processed through an auto-
tie baler as conditions warrant for shipnment to narkets.

As a variant to this schene, the trommel as well as sorting
station #2 could be elimnated. This option, of course, would put
a greater burden on the manual separation effort at sorting station
#1.

2.3.7 Flow Chart and Mass Balance--High Technology--Commingled
Cont ai ner _Li ne

Continuing with the exanple, and using the proportions of
recyclable materials as shown in Table 2.1, the flow chart and nass
bal ance for the conm ngled container line are shown in Figure 2-6.

Wth reference to this flow chart, the incomng commngled
containers are introduced to the processing line on a combn infeed
conveyor. For the purposes of describing the processes as well as

to provide a nodul ar system concept, the conm ngled container line
is presented as consisting of four basic nodul es. They are:

. ferrous nodul e
gl ass nodul e
pl astics nodul e, and
al um num nodul e

2.3.7.1 Flow Chart--H gh Technol ogy--Ferrous Mdul e--

Flow chart, Figure 2-7, is an enlarged view of that portion of
Figure 2-6 which pertains to the separation and processing of
ferrous material. Al conmngled containers are conveyed to a
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magnetic separator whose function is to extract all ferrous
materials from the rest of the comm ngled container stream The
efficiency with which this task is acconplished is a function of
the design of the nagnetic separator, the bed depth of the
materials subjected to the magnetic field, the ratio of ferrous
containers to other materials and the proportion of ferrous
containers which are filled or partially filled with food, liquid
or other substances.

Once separated from the other containers and dependi ng upon
the narkets, the ferrous containers are manually sorted (sorting
station #1) into two streans, i.e., binetal and tin. Residue is
collected and transported to landfill. Bi netal containers may be
flattened, baled, or densified into biscuit form Tin cans may be
flattened or shredded and introduced to an air classifier for the
renoval of |abels |oosened by the flattening, or shredding process.
Alternatively, tin cans may be flattened, baled or densified wth
or wi thout binetal cans. Ferrous cans that are not renoved by the
magnetic separator from the commngled containers stream are
conveyed to a sorting station where nmanual separation takes place.
The cans renoved manually are returned, by neans of conveyors, to
join the ferrous renoved by the magnetic separator

2.3.7.2 Fl ow Chart-- H gh Technol ogy--d ass Modul e- -

Flow chart, Figure 2-8, is an enlarged view of that portion of
Figure 2-6 which pertains to the separation and processing of
gl ass. After magnetic separation of ferrous from the conm ngled
contai ner stream the remaining containers pass over a screen which
enabl es much of the broken glass to be renpbved as "unders." The
"overs" enter a traveling chain curtain which separates plastic and
al umi num containers from the glass containers. The gl ass
containers are then conveyed to a sorting station. d ass
containers are hand sorted by color wth each col or passing through
a glass crusher. Depending upon market specifications, each cullet
stream may be introduced to a small trommel for renoval of paper
| abel s and caps. The nechanical renoval of |abels and caps may be
further assisted by pneumatic neans. The '"unders" from the
screening operation join the mxed glass from the sorting station
and are processed in the sanme manner as are the various colored
gl ass contai ners. Residues from the sorting station and the
trommels are collected and transported to landfill.

2.3.7.3. Flow Chart--H gh Technol ogy--Plastics Mdul e--

The flow chart, Figure 2-9, is an enlarged view of that
portion of Figure 2-6 which pertains to the separation and
processing of plastics. After magnetic separation of ferrous and
the renoval of broken glass by the screen, plastic and al um num
containers are separated from the glass containers by neans of a
traveling chain curtain. An eddy current device is then used to
ej ect alumnum cans from the plastic/alumnum substream The
pl astic containers are conveyed to a sorting station where PET is
hand separated from HDPE. Trace plastics entrained with the gl ass

2-20



12-¢

3.46

lvllv
Ferrous
1.05 >l
Aluminum 2557 Screen 17.16 i 2.98 -
D EEEE— —
226 0033_.8_3 : wonont] Plastics and
%Y Containers 0.33 13.16 ] 0.69 Aluminum
Y 5.64 Plastic Glass § Ferrous
1860 Brokan & Alum.
Glass ass
.01 1.10
<————— Trommel (a)(b) ™l :MWMW?
1_.8 Amber T = Amber
Sorting
.AF%BB:S_ (a)(b) A.I\/IJ O“wmm b e Station 2
3.29 Green ) prusner A Green
<} —
16.92 .02 Gl 5.23
Aloﬂll Trommel (a)(b) Al\.(l;ﬂcm%.mww? Adll 1.88
ass | 521 Clear T = ear :
Cullet | h
.03 Glass 1.72
r.lﬁoaam_ (a)(b) A.luam:m_. (b Mixed
7.33 Mixed T
- ™~
0.35 " i
Residue _ Y Residue 2.21
Quantities shown in TPD 2.56
| _ 1= Alternate process MWMMM:

.__|= Equipment necessary
for other modules

(a) Trommels are only needed if market requires
for the removal of paper labels and caps

(b) Depending upon quantities, glass may be
processed through a single crusher and trommel.

Figure 2-8.

Flow chart--high technology--glass module.



"oInpouw sorjserd--Aboriouyosy ybriy--3aeyo Mold "6-2 2aInbrdg

SINPOW JOYIO 0§
A1essa00u wowdinbg =[:j

$59001d djewoyy ;: 7

ddl W umoys saunuend I

34QH peiejnuelgy  gL|
T T
spioien
oeInueIS
3dQH BL'1 ?
=0 /_/
13d pereg 134 ¢ uopars onseid
- weg <} Xeioped . p—
seo 520 | Obupos \uniﬁx?nrv
oo ooms
o4 Bugiog
wanwny 900 290 135115}
(o ———
wnuiwny tr2 ‘wny R 08’8l
pue sogseld shosed ssejo soqseld
1154 wnupny 690 SL'EL €0 ‘ . coupIog | Dus.vld
< y pue sopseld u’%uuno uEYD mﬁm BulLwoD 9022
- . - I B N
sa e orel S | U < wnupnry
‘ o'l
SNOLD 4
\ ] — T

2-22



substream from the air classifier or traveling chain curtain are
hand separated at the glass sorting station and transferred to the
pl astics sorting station for PET/HDPE separation.

PET containers are collected, perforated and bal ed. HDPE
contai ners can be granul ated. The plastic granules are |oaded into
gaylords for shipnent to market. Alternatively, HDPE containers
can be baled instead of granul ated. Residue is collected and
transported to landfill.

2.3.7.4 Flow Chart--H gh Technol ogy--Al um num Mdul e- -

The flow chart, Figure 2-10, is an enlarged view of that
portion of Figure 2-6 which pertains to the separation and
processi ng of alum num cans. After separation of alum num cans

fromplastic containers by the eddy current device which enpl oys an
el ectromagnetic field to repel nonferrous netals, the cans are
flattened and pneumatically conveyed to a transport trailer.
Alternatively, the cans may be baled or densified into biscuit form
to neet market specifications. Trace alum num which nmay have
escaped separation fromthe plastics by the eddy current device is
routed from the plastics sorting station to the can flattener,
baler, or densifier as applicable.

2.3.8 Flow Charts/ General Comment

Wth regard to the flow charts illustrated in Figures 2-3
t hrough 2-10 for |ow and high technol ogy systens, the reader should
recognize that there are alnost limtless conbinations and
nodi fications of the systenms presented. For exanple, Figure 2-6
includes a traveling chain curtain (or other automatic sorting
device) to sort glass fromthe rest of the waste stream If this

-operation did not exist, then the screen "overs" would be directed
to the eddy current device for alumnum extraction wth the
remai nder directed to a sorting station which would conbine the
activities described as taking place at sorting stations #2 and #3.

2.3.9 WMaterial Densities

In order to properly size a MRF, and to select or design the
equi pnent used therein, it is necessary to have know edge of the
densities associated with the various nmaterials as received,
handl ed, processed, and stored. Al density values are the result
of dividing the weight of the material by its volumne. The
differences arise due to the forns in which the material is found.

Material Density Definitions:
. Bul k Density: Weight of material divided by the.

volume of that portion of a container which is
filled with the materi al
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. True Density: Wight of the material in its

natural form (e.g., glass, rather than (glass
bottles) divided by its vol une.
Conpressed Density: Wight of material divided by
its volune during or after having been exposed to
conpressive forces in a confined space. Cellulosic
materials can be conpressed to densities as high as
75 1b/cu ft.

Densities of several materials received, handled, processed, and
stored at MRFs are listed in Table 2.5.

2.3.10 Fixed Equi pnent

The purpose of this subsection is to provide guidance to the
reader who is involved in the review and sel ection process of fixed
equi prrent as enployed in a MRF

2.3.10.1 Fixed Equi prent Commonly Present in a MRF--
A conprehensive list of various types of fixed equi pment which
may be included in a MRF is presented in Table 2.6.

2.3.10.2 Fixed Equipnment Descriptions--

The follow ng equi prent descriptions are provided to give the
reader a brief overview of machinery commonly enployed in a MF
Since new special purpose nachines continue to be developed to
serve this growng industry, the list should not be regarded as
al | -incl usive. The facility planner/designer shoul d be
particularly cautious in placing reliance upon unproven technol ogy.

In the review and selection process of individual itens of
-fixed equiprment, it should be recognized that these itens nust not
only conpatibly interrelate with one another, but also with the
various collection vehicles which deliver the incomng naterials as
well as in-plant rolling equipnent and transport vehicles for
shipping the final products.

2.3.10.2.1 WMaterial handlins equipnment (conveyors)--the nost
common piece of equipnment for handling materials in a MRF is the

conveyor. There are several types of conveyors available
Sel ection of the correct types of conveyors in a MRF nust take into
consideration a nunber of interrelated factors. Conpl et e

engineering data are available for many types of conveyors;
consequently, their performance can be accurately predicted when
t hey are used for handl i ng materi al s having wel | -known
characteristics. However, if the material characteristics are not
wel | - known, even the best designed conveyor will not perform well.
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TABLE 2.5. AVERACGE DENSITIES OF REFUSE COVPONENTS

Component Density

Refuse Densities Ib/yd3
Loose 100-200
After dumping from compactor truck 350400

In compactor truck 500-700

In landfill 500-900
Shredded 600-900
Baled in paper baler 800-1200
Bulk Densities |b/ft3
oCC 1.87
Aluminum cans 2.36
Plastic containers 2.37
Miscellaneous paper 3.81
Garden waste 4.45
Newspaper 6.19
Rubber 14.90
Glass bottles 18.45
Food 23.04

Tin cans 4.90
True Densities lb/ft3
Wood 37
Cardboard 43
Paper 44-72
Glass 156
Aluminum 168
Steel 480
Polypropylene 56
Polyethylene 59
Polystyrene 65
ABS 64
Acrylic 74
Polyvinylchloride (PVC) 78
Resource Recovery Plant Products In/ft>
dRDF 39
Aluminum scrap 15
Ferrous scrap 25
Crushed glass 85
Powdered RDF (Eco-Fuel) 27
Flattened aluminum cans 9
Flattened ferrous cans 31




TABLE 2. 6. FI XED EQUI PMENT WH CH MAY BE EMPLOYED I N
A NMATERI ALS RECOVERY FACI LITY

Material Handling Equipment
Belt Conveyor
Screw Conveyor
Apron Conveyor
Bucket Elevator
Drag Conveyor
Pneumatic Conveyor
Vibrating Conveyor

Separating Equipment
Magnetic Separator
Eddy Current Device (aluminum separator)
Disc Screen
Trommel Screen
Vibrating Screen
Oscillating Screen
Traveling Chain Curtain
Air Classifier

Size Reduction Equipment
Can Shredder
Can Densifier/Biscuiter
Can Flattener
Glass Crusher
Plastics Granulator
Plastics Perforator
Baler

Environmental Equipment
Dust Collection System
Noise Suppression Devices
Odor Control System
Heating, Ventilating, & Air Conditioning (HVAC)

Other Equipment
Fixed Storage Bin
Floor Scale for Pallet or Bin Loads
Truck Scale
Belt Scale
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Some of the nost inportant factors to be considered in conveyor
sel ection include:

. capacity;

: | ength of travel;
[ift;
characteristics of the material: and
cost.

The nost conmon types of conveyors used in a MRF are the belt
conveyor, the apron conveyor, and the screw conveyor. A short
description of each follows.

Belt Conveyor

In a MRF, the belt conveyor is enployed in several forns.
Sonme of these forns include:

Trough Type: In general, the trough type belt conveyor wll use
troughing idler rolls which cause the conveyor belt to form a
concave contour with its sides sloping at 20°, 35°, or 45" with a

hori zont al pl ane (see Figure 2-11). The purpose of this
cross-sectional concavity is to retain free flowing materials
(e.g., alumnum cans, bottles, crushed glass, etc.), and to
mnimze or prevent spillage. In order to further mnimze

spill age problens, skirt boards (see Figure 2-12) are often used at
belt transfer points.

The Conveyor Equi pnent Manufacturers Association (CEM)
provi des a desi gn handbook for belt conveyors. Tables 2.7 and 2.8
have been adapted from information published by the CEMA for sone
specific materials generally handled in a MRF.

The designer is referred to the nost recent issue of ASME/ ANS
B20.1, Safety Standard for Conveyors and Related Equi pnent, for
informati on and guidance in the design, construction, installation
operation, and nai ntenance of conveyors and related equipnent. In
addition to general safety standards applicable to all conveyors
and rel ated equi pnent, Section 6.1 of the Standard is specifically
applicable to belt conveyors.

Flat Belt Type: Most flat belt conveyors enployed in a MRF are of
the "slider belt" design in which the conveyor belt is backed up by
and slides on a steel supporting surface rather than on idler
rolls. Flat belt conveyors are popularly utilized in the sorting
process at a MRF for they permt easy access to the material
carried on the belt. Wen a flat belt conveyor is used in an
inclined position, it is often supplied with cleats and skirt
boards for the full length of the conveyor in order to nore
positively convey the materials and prevent spillage. Tables 2.9
and 2.10 have been adapted from belt capacity tables published by
the CEVMA for some specific materials generally handled in a MRF.
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Figure 2-11. Trough type belt conveyor.

Skirtboards

Bolted Adjustable

Rubber Edging
Belt
Figure 2-12. Belt conveyor with skirtboards.
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TABLE 2. 7. APPROXI MATE CONVEYOR BELT CAPACI TI ES
(20" TROUGH) "¢ ( TPH)

Belt Width (Inches)2

Component3 18 24 36 48 60 72
Glass Bottles* 60 116 283 522 83.4 1218
Plastic Bottles® 0.8 15 3.7 6.8 108  15.8
Aluminum Cans?* 0.8 15 3.7 6.8 10.8 15.8
News5 3.9 7.5 18.1 33.3 531 77.5
OCCs 1.2 2.2 5.3 9.8 15.6 22.8
Loose Refuses 3.5 6.7 16.0 29.4 46.9 68.4
Refuse from Compactor Truck® 8.7 16.6 40.0 73.6 1172 171 .0

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,

36 in. belt width; TPH = 20 FPM/100 FPM x 3.7 TPH = 0.7 TPH

‘Conveyor Speed = 100 FPM

2Edge Distance (inches) = 0.055 x belt width + 0.9. Three egual idler roll lengths

3Densities as per Table 2-5
4Surcharge Angle = 5”
SSurcharge Angle = 30”

8Based on capacities published in CEMA “Belt Convevors icr Buik Matcrizls®
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TABLE 2.8. APPROXI MATE CONVEYOR BELT CAPACI TI ES
(35" TROUGH)- (TPH)

Belt Width (Inches)?

Component? 18 24 36 48 60 72
Glass Bottles® 8.9 17.2 41.7 77.0 122.9 179.4
Plastic Bottles* 1.2 2.2 5.4 10.0 16.0 23.3
Aluminum Cans#* 1.2 2.2 5.4 10.0 16.0 23.3
News® 4.7 9.0 21.6 39.7 66.3 92.2
OCCs 14 2.6 6.3 11.7 19.5 27.1
Loose Refused 4.1 7.9 19.0 35.0 58.5 81.3
Refuse from Compactor Truck® 10.4 19.8 47.6 87.5 146.2 203.3

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width; TPH = 20 FPM/100 FPM x 5.4 TPH = 1.1 TPH

‘Conveyor Speed = 100 FPM

*Edge Distance (inches) = 0.055 x belt width + 0.9. Three eaual idier roll lengths
3Densities as per Table 2-5

“Surcharge Angle = %

SSurcharge Angle = 30"

5Based on capacities published in CEMA “Belt Conveyors icr Bulk Mzaterials”



TABLE 2.9. APPROXI MATE CONVEYOR BELT CAPACI TI ES
( FLAT BELT) ¢ (TPH)
Belt Width (Inches)?
Component3 18 24 36 48 60 72
Glass Bottles® 1.1 2.2 5.1 9.4 149 218
Plastic Bottles* 0.1 0.3 0.7 1.2 1.9 2.8
Aluminum Cans* 0.1 0.3 0.7 1.2 1.9 2.8
News® 24 4.6 10.9 19.9 31.6 46.1
OCCs 0.7 1.3 3.2 5.9 9.3 13.6
Loose Refuse® 2.1 4.0 96 176 279 407
Refuse from Compactor Trucks 5.3 10.0 24.0 43.9 69.8 101.7

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width; TPH = 20 FPM/100 FPM x 0.7 TPH = 0.14 TPH

‘Conveyor Speed = 100 FPM
2No idlers

3Densities as per Table 2-5
4Surcharge Angle = 5’
SSurcharge Angle = 30"

6Based on capacities published in CEMA “Belt Conveyors for Buik Materials"



TABLE 2. 10. APPROXI MATE CONVEYOR BELT CAPACI Tl ES
(FLAT BELT WTH 6-IN. H GH
SKIRTBOARDS) " ( TPH)

Belt Width (Inches)?

Component3 18 24 36 48 60 72
Glass Bottles” 34.0 47.4 75.1 104.1 134.4 165.9
Plastic Bottles* 4.4 6.2 9.6 13.5 17.5 21.6
Aluminum Cans# 4.4 6.2 9.8 13.5 17.5 21.6
News> 13.6 19.9 34.7 521 72.3 95.1
QCccs 4.0 5.9 10.2 15.3 21.3 28.0
Loose Refuse’® 12.0 176 30.6 46.0 63.8 83.9
Refuse from Compactor Truck® 30.0 44.0 765 1149 159.4 209.8

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width: TPH = 20 FPM/100 FPM x 9.8 TPH = 2.0 TPH

‘Conveyor Speed = 100 FPM

2No idlers

3Densities as per Table 2-5

4Surcharge Angle = 5

5Surcharge Angle = 30°

5Based on capacities published in CEMA “Belt Conveyors for Sulk Kiatenals"



Most flat belt conveyors rely upon the friction force between
the head pulley (drive pulley) and the conveyor belt to drive the
conveyor. Where particularly heavy loads are anticipated (e.g.
MSW) chains are attached to the underside and to each side of the
belt for the full [length. This configuration usually is
acconpani ed by cleats attached to the carrying surface of the belt
as well as full length skirtboards to retain material on the
conveyor. ASME/ ANSI B 20.1 Safety Standard is equally applicable
to flat belt conveyors as it is to the trough type as previously
di scussed.

Apron Conveyor

An apron conveyor consists of steel pans (flat or contoured)
supported by chains and is used in applications in which the
conveyor nay be subject to substantial inpact and abuse. Gui de
rollers riding on steel rails mnimze the frictional forces.
Cleats may be incorporated on the pans for inclined applications.
Apron conveyors are often enployed as infeed conveyors and nay be
located in a pit below floor level. Anple provision should be nade
for access for cleanout and naintenance. Section 6.5 of the
ASVE/ ANSI B 20.1 Safety Standard is specifically applicable to
apron conveyors.

Screw Conveyor

The screw conveyor (or auger) may be used to transport dry,
dense, free flowing materials (e.g., tin cans forned as nuggets).
Screw conveyors have also been used for bin discharge and as
netering feed devices. These units are not designed to transport
stringy, abrasive, or very wet materials.

Pneumat i ¢ Conveyor

A pneumatic conveyor utilizes a stream of air to convey
suspendabl e materials (e.g., alumnum cans or dust) through a tube
Pneumatic conveyors may utilize either a vacuum or a positive
pressure. The pneumatic conveyor offers the facility designer nore
flexibility in equipnent |ocation. However, the nunber of changes
in direction in the lines should be kept to a mnimm since they
result in pressure (efficiency) losses as well as probable points
of stoppages and wear.

2.3.10.2.2 Material handling equipnment (separation)--The
foll owi ng equipnent is enployed to separate one or nore materials
from the waste stream or substream It should be recognized that
none of these devices can be expected to be 100% effective.

Magneti c Separ at or

Magnetic separation is a relatively sinple unit process and is
used to recover ferrous metal from the conm ngled waste stream
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Magnets may be either of the permanent or the el ectronagnetic type.

They are available in three configurations, nanely, the "drum
(Figure 2-13), the nmagnetic head pulley (Figure 2-14), and the
magnetic belt (Figure 2-15). They nmay be assenbled and suspended
in line, crossbhelt, or nounted as conveyor head pulleys. The
magnetic head pulley conveyor is arranged so that in its operation

the material to be sorted is passed over the pulley in such a
manner that the nonferrous material wll fall along a different
trajectory than wll the ferrous material. The drum magnet
assenbly can be installed for either overfeed or underfeed and
directs the ferrous along a trajectory other than that taken by the

nonferrous nmaterial. The magnetic belt, in its sinplest orm
consi sts of single magnets nounted between two pull eys that support
a cleated conveyor belt nechanism The efficiency of magnetic

separation is affected by the bed depth of the waste stream For
nore conplete renoval of ferrous, a secondary nagnetic separator
may be considered. Conveyor and hopper conponents in the vicinity
of the magnetic field should be constructed of nonmagnetic
material s. Addi tional information on nagnetic separation can be
obtained in References 1 to 7.

Eddy Current Device (A um num Separator)

An al um num separator enploys either a permanent nagnetic or
el ectromagnetic field to generate an electrical current (eddy)
whi ch causes al um num cans (nonferrous netals) to be ejected and
separated fromother materials. A umnum separation nmay take pl ace
in the formof a conveyor head pulley or in the formof an inclined
stainless steel pl ate. Addi ti onal information on alum num
separation can be found in References 7 to 10.

D sc Screen

A disc screen consists of parallel nmultiple shafts al
rotating in the same direction. D scs are nounted on each of these
shafts, and spaced in such a fashion so that the discs on one shaft
are |ocated mdway between the discs on an opposing shaft. The
shafts and discs are so positioned relative to each other as to
establish fixed interstices through which the undersize materi al
(e.g., broken glass or grit) will pass and the oversize material is
conveyed by both the discs and the series of rotating shafts. A
schematic view of a disc screen is presented in Figure 2-16. D sc
screens are subject to danp and stringy material wapping around
the shafts and discs and thus reducing the interstices. At the
infeed location, abrasive naterial (e.g., broken glass or grit) may
abrade the outside dianeters of the shafts and discs so as to

substantially increase the interstices. Also, large pieces of
corrugated may act as a barrier to smaller material dropping
through the interstices. Any of these conditions can have a

significant detrinmental effect upon performance.
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Trommel Screen

The tromel is a rotary cylindrical screen, gener al
downwardly inclined, whose screening surface consists of wire nes%
or perforated plate. A diagram of a typical tromel screen is
presented in Figure 2-17. The tunmbling action of the tromel

efficiently brings about a separation of individual itens or pieces
of material that nay be attached to each other, or even of one
material contained w thin another. Large trommels (8 to 10 ft in
dianeter, and up to 50 ft long) have been used to separate |arge
OCC and/or newsprint from mxed paper or commingled containers
(particularly fromglass containers). Spall trommels (1 to 2 ft in
dianeter, by 2 to 4 ft long) have been used to separate |abels and
caps from crushed gl ass. These snmall units are sonetines used in
conjunction with an air streamto aid in the separation

Two-stage trommels have also been used in waste processing.
In two-stage trommels, the first stage (the initial length of
screen) is provided with small apertures (e.g., 1 in. dianeter)
whi ch permt broken glass, grit, and other snmall contaninants to be
renoved. The second stage is provided with larger apertures (e.g.
5 in. dianmeter) which allow glass, alumnum and plastic containers
to be renoved from the waste stream In the particular types of
MRFs discussed in this docunent, the oversize materials (overs)
m ght consist primarily of OCC and news, dependi ng upon the make-up
of the incom ng waste stream

Many factors influence the separation efficiency of a trommrel
i ncl udi ng:

. characteristics and quantity of the incomng materials:
size, proportions, and inclination of the cylinder
screen:

rotational speed: and
size and nunber of screen openings.

Vi brating Screen

A vibrating screen utilizes a wire nesh or perforated plate
screen deck to separate relatively dense, dry, undersize materials
from | ess dense oversize materials. A schematic diagram of a
vibrating screen is given in Figure 2-18. Vibrating conveyors are
nore tolerant of stringy materials than are other conveyors.

Damp, sticky materials have a tendency to blind the screen
deck and thus inpair the performance. Large pieces of corrugated
and/ or excessive material bed depth can substantially decrease

separation efficiency.
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products. The system can be designed to acconmobdate such changes
with mnimal capital expenditure.

In the case of the commingled container line, Figure 2-4, it
is also possible to increase or decrease the nunber of material
categories separated fromthe incomng stream For exanple, glass
can be sorted by color, if warranted; or tin cans, if no narket is
available, are pernmitted to join the residue to be landfilled.In
each case depicted in Figures 2-2 through 2-4, a 90% materi al
recovery rate has been assuned. In actual practice there are nany
factors which have an influence on this recovery rate. Sone of
these factors are listed in Table 2. 4.

TABLE 2. 4. FACTORS AFFECTI NG MATERI AL RECOVERY RATE

Factor Explanation

Market Specifications “Loose" (i.e., unconstrained) specifications potentially
increase recovery rates over those recovery rates that are
attainable in the case of "tight" (i.e., constrained)
specifications

Contamination of This factor is closely related to that of market specifications
Incoming Materials in that some markets will accept products which other markets
consider as unacceptable because of contamination

Glass Breakage This factor applies to glass containers and it is influenced by
the manner in which the containers are set out, collected,
transported, sorted, and handled at the Facility. Broken glass
is more difficult to sort than unbroken glass

Relative Quantities per Over a given period of time, the greater the number of units of

Sorter any given recyclable a sorter must separate from the waste
stream, the lower the recovery rate. Conversely, recovery can
be increased by increasing the number of sorters utilized

Equipment Design Proper design of conveyors and separation equipment for the
types and quantities of materials handled, directly affects
recovery rates. For example, an excessive bed depth of
commingled containers on a conveyor can substantially limit the
manual or automatic recovery of any given material

Human Factors Providing a clean, well-lit, and pleasant environment in which
to work with particular attention to worker training, safety,
health, and comfort will tend to increase recovery rates

Fictitious Weights Most MRFs are now equipped with a truck scale and scale house.
Additionatly, values for tare weights for regular haul vehicles
are either in the scale’s computer data base or they are
determined after tipping. Care must be taken, particularly
during periods of inclement weather, that the weight of an
incoming load does not include an inordinate amount of free
water from a recent rain or snowstorm which would inaccurately
represent the weights of incoming materials.
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2.3.6 Flow art and Ma Bal ance--H ah Technol --Paper Llin

Using the proportions of recyclable materials as shown in
Table 2.1, the flow chart and mass bal ance for the paper line are
shown in Figure 2-5. Wth reference to this flow chart, the
incomng paper is conveyed to a tronmel (a rotating cylindrica
screening device) so designed that large material (newspaper and
corrugated) will pass through the cylinder (oversize material, or
"overs") while small material (mxed paper) wll fall through the
screen openings as undersized material ("unders"). Provi si on
should be nade at the trommel inlet to nmanually divert extra-large
pi eces of corrugated which may jam the system It should be noted
that the tronmel may al so be designed to renpve grit and gravel and
ot her conponents smaller than mxed paper that would contam nate
t he end product.

At sorting station #1, unacceptable materials are renoved for
landfilling. |In addition, corrugated and m xed paper are separated
from the newspaper stream The tromel ‘'"unders" (i.e., mXxed
paper) are conveyed to sorting station #2 where unacceptable
materials are renoved for landfilling. The renai ni ng paper joins
the corrugated renmoved from sorting station #1. Newspaper and
m xed paper are collected separately and accunul ated in individual
bins. Each paper category is separately processed through an auto-
tie baler as conditions warrant for shipnment to markets.

As a variant to this schene, the tromel as well as sorting
station #2 could be elimnated. This option, of course, would put
a greater burden on the manual separation effort at sorting station
#1.

2.3.7 Flow Chart and Mass Bal ance--H gh Technology—--Commingled
Cont ai ner _Li ne

Continuing with the exanple, and using the proportions of
recyclable materials as shown in Table 2.1, the flow chart and nass
bal ance for the conm ngled container line are shown in Figure 2-6.

Wth reference to this flow chart, the incomng commngled
containers are introduced to the processing |line on a conmon infeed
conveyor. For the purposes of describing the processes as well as

to provide a nodul ar system concept, the conm ngled container |ine
is presented as consisting of four basic nodul es. They are:

. ferrous nodul e
gl ass nodul e
pl astics nodul e, and
al um num nodul e

2.3.7.1 Flow Chart-- H gh Technol ogy--Ferrous Mdul e--

Flow chart, Figure 2-7, is an enlarged view of that portion of
Figure 2-6 which pertains to the separation and processing of
ferrous material. Al conmngled containers are conveyed to a
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magnetic separator whose function is to extract all ferrous
materials from the rest of the comm ngled container stream The
efficiency with which this task is acconplished is a function of
the design of the magnetic separator, the bed depth of the
materials subjected to the nagnetic field, the ratio of ferrous
containers to other materials and the proportion of ferrous
containers which are filled or partially filled with food, liquid
or other substances.

Once separated from the other containers and depending upon
the markets, the ferrous containers are manually sorted (sorting
station #1) into two streans, i.e., binetal and tin. Residue is
collected and transported to landfill. Bi netal containers may be
flattened, baled, or densified into biscuit form Tin cans may be
flattened or shredded and introduced to an air classifier for the
renoval of |abels |oosened by the flattening, or shredding process.
Alternatively, tin cans nmay be flattened, baled or densified wth
or without binetal cans. Ferrous cans that are not renoved by the
magnetic separator from the conmmngled containers stream are
conveyed to a sorting station where manual separation takes place.
The cans renoved nmanually are returned, by nmeans of conveyors, to
join the ferrous renoved by the magnetic separator

2.3.7.2 Fl ow Chart--H gh Technol ogy--d ass Modul e--

Flow chart, Figure 2-8, is an enlarged view of that portion of
Figure 2-6 which pertains to the separation and processing of
gl ass. After magnetic separation of ferrous from the conmm ngled
container stream the remaining containers pass over a screen which
enabl es much of the broken glass to be renpbved as '"unders." The
"overs" enter a traveling chain curtain which separates plastic and
alum num containers from the glass containers. The gl ass
containers are then conveyed to a sorting station. d ass
containers are hand sorted by color with each col or passing through
a glass crusher. Dependi ng upon market specifications, each cullet
stream may be introduced to a small trommel for renoval of paper
| abel s and caps. The nechani cal renoval of |abels and caps nmay be
further assisted by pneunmatic neans. The "unders" from the
screening operation join the mxed glass from the sorting station
and are processed in the sane manner as are the various colored
gl ass contai ners. Residues from the sorting station and the
tromels are collected and transported to landfill.

2.3.7.3. Flow Chart-- H gh Technol ogy--Plastics Modul e--

The flow chart, Figure 2-9, 1is an enlarged view of that
portion of Figure 2-6 which pertains to the separation and
processing of plastics. After magnetic separation of ferrous and
the renoval of broken glass by the screen, plastic and al um num
containers are separated from the glass containers by neans of a
traveling chain curtain. An eddy current device is then used to
eject alumnum cans from the plastic/alumnum substream The
plastic containers are conveyed to a sorting station where PET is
hand separated from HDPE. Trace plastics entrained with the gl ass
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substream from the air classifier or traveling chain curtain are
hand separated at the glass sorting station and transferred to the
pl astics sorting station for PET/HDPE separation.

PET containers are collected, perforated and baled. HDPE
contai ners can be granulated. The plastic granules are |oaded into
gaylords for shipnment to market. Alternatively, HDPE containers
can be baled instead of granul ated. Residue is collected and
transported to landfill.

2.3.7.4 Flow Chart--H gh Technol ogy--A um num Mdul e- -

The flow chart, Figure 2-10, is an enlarged view of that
portion of Figure 2-6 which pertains to the separation and
processi ng of alum num cans. After separation of alumnum cans

fromplastic containers by the eddy current device which enploys an
el ectromagnetic field to repel nonferrous netals, the cans are
flattened and pneumatically conveyed to a transport trailer.
Alternatively, the cans may be baled or densified into biscuit form
to neet market specifications. Trace alum num which may have
escaped separation fromthe plastics by the eddy current device is
routed from the plastics sorting station to the can flattener,
baler, or densifier as applicable.

2.3.8 Flow Charts/ General Comment

Wth regard to the flow charts illustrated in Figures 2-3
t hrough 2-10 for |ow and high technol ogy systens, the reader should
recognize that there are almost Ilimtless conbinations and
nodi fi cations of the systens presented. For exanple, Figure 2-6
includes a traveling chain curtain (or other automatic sorting
device) to sort glass fromthe rest of the waste stream If this

-operation did not exist, then the screen "overs" would be directed
to the eddy current device for alumnum extraction wth the
remai nder directed to a sorting station which would conbine the
activities described as taking place at sorting stations #2 and #3.

2.3.9 WMaterial Densities

In order to properly size a MRF, and to select or design the
equi pnent used therein, it is necessary to have know edge of the
densities associated with the various materials as received,
handl ed, processed, and stored. Al density values are the result
of dividing the weight of the nmaterial by its volune. The
di fferences arise due to the forns in which the material is found.

Material Density Definitions:

. Bul k Density: Weight of material divided by the.
volune of that portion of a container which is
filled with the material
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. True Density: Weight of the material in its

nat ur al form (e.g., glass, rather than glass
bottles) divided by its vol une.
Conpressed Density: Wight of naterial divided by
its volune during or after having been exposed to
conpressive forces in a confined space. Cellulosic
materials can be conpressed to densities as high as
75 1b/cu ft.

Densities of several materials received, handled, processed, and
stored at MRFs are listed in Table 2.5.

2.3.10 Fixed Equi pnent

The purpose of this subsection is to provide guidance to the
reader who is involved in the review and sel ection process of fixed
equi prent as enployed in a MRF

2.3.10.1 Fixed Equi prent Commonly Present in a MRF--
A conprehensive list of various types of fixed equi pment which
may be included in a MRF is presented in Table 2.6.

2.3.10.2 Fixed Equipnent Descriptions--

The follow ng equi prment descriptions are provided to give the
reader a brief overview of machinery comonly enployed in a MRF
Since new special purpose nachines continue to be developed to
serve this growing industry, the list should not be regarded as
al | -inclusive. The facility planner/designer shoul d be
particularly cautious in placing reliance upon unproven technol ogy.

In the review and selection process of individual itens of
-fixed equipnent, it should be recognized that these itenms nust not
only conpatibly interrelate with one another, but also with the
various collection vehicles which deliver the incomng naterials as
well as in-plant rolling equipnment and transport vehicles for
shipping the final products.

2.3.10.2.1 Material handling equipnent (conveyors)--the nost
common piece of equipnment for handling materials in a MRF is the

conveyor. There are several types of conveyors available.
Sel ection of the correct types of conveyors in a MRF nust take into
consideration a nunmber of interrelated factors. Conpl et e

engineering data are available for many types of conveyors;
consequently, their performance can be accurately predicted when
they are used for handling materials having wel | -known
characteristics. However, if the material characteristics are not
wel | -known, even the best designed conveyor will not perform well.
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TABLE 2.5. AVERACGE DENSI TIES OF REFUSE COVPONENTS

Component Density

Refuse Densities lb/yd:3
Loose 100-200
After dumping from compactor truck 350400

In compactor truck 500-700

In landfill 500-900
Shredded 600-900
Baled in paper baler 800-1 200
Bulk Densities Io/#>
occ 1.87
Aluminum cans 2.36
Plastic containers 2.37
Miscellaneous paper 3.81
Garden waste 4.45
Newspaper 6.19
Rubber 14.90
Glass bottles 18.45
Food 23.04

Tin cans 4.90
True Densities !b/ft3
Wood 37
Cardboard 43
Paper 44-72
Glass 156
Aluminum 168
Steel 480
Polypropylene 56
Polyethylene 59
Polystyrene 65
ABS 64
Acrylic 74
Polyvinylchloride (PVC) 78
Resource Recovery Plant Products Ib/f‘t3
dRDF 39
Aluminum scrap 15
Ferrous scrap 25
Crushed glass 85
Powdered RDF (Eco-Fuel) 27
Flattened aluminum cans 9
Flattened ferrous cans 31




TABLE 2. 6. FI XED EQUI PMENT WH CH MAY BE EMPLOYED I N
A MATERI ALS RECOVERY FACI LITY

Material Handling Equipment
Belt Conveyor
Screw Conveyor
Apron Conveyor
Bucket Elevator
Drag Conveyor
Pneumatic Conveyor
Vibrating Conveyor

Separating Equipment
Magnetic Separator
Eddy Current Device (aluminum separator)
Disc Screen
Trommel Screen
Vibrating Screen
Oscillating Screen
Traveling Chain Curtain
Air Classifier

Size Reduction Equipment
Can Shredder
Can Densifier/Biscuiter
Can Flattener
Glass Crusher
Plastics Granulator
Plastics Perforator
Baler

Environmental Equipment
Dust Collection System
Noise Suppression Devices
Odor Control System
Heating, Ventilating, & Air Conditioning (HVAC)

Other Equipment
Fixed Storage Bin
Floor Scale for Pallet or Bin Loads
Truck Scale
Belt Scale
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Sone of the nobst inportant factors to be considered in conveyor
sel ection include:

. capacity:
| ength of travel;
[ift:
characteristics of the material: and
cost.

The nost common types of conveyors used in a MRF are the belt
conveyor, the apron conveyor, and the screw conveyor. A short
description of each foll ows.

Belt Conveyor

In a MRF, the belt conveyor is enployed in several forns.
Sonme of these forns include:

Trough Type: In general, the trough type belt conveyor w Il use
troughing idler rolls which cause the conveyor belt to form a
concave contour with its sides sloping at 20°, 35°, or 45" with a

hori zont al plane (see Figure 2-11). The purpose of this
cross-sectional concavity is to retain free flowing materials
(e.g., alumnum cans, bottles, crushed glass, etc.), and to
mnimze or prevent spillage. In order to further mnimze

spi |l age problens, skirt boards (see Figure 2-12) are often used at
belt transfer points.

The Conveyor Equi pnent Manufacturers Association (CEMA)
provi des a design handbook for belt conveyors. Tables 2.7 and 2.8
have been adapted from information published by the CEMA for sone
specific materials generally handled in a MRF.

The designer is referred to the nmost recent issue of ASME/ANSI
B20.1, Safety Standard for Conveyors and Rel ated Equi pment, for
informati on and guidance in the design, construction, installation
operation, and maintenance of conveyors and related equipnent. In
addition to general safety standards applicable to all conveyors
and rel ated equi pnment, Section 6.1 of the Standard is specifically
applicable to belt conveyors.

Flat Belt Type: Most flat belt conveyors enployed in a MRF are of
the "slider belt" design in which the conveyor belt is backed up by
and slides on a steel supporting surface rather than on idler
rolls. Fl at belt conveyors are popularly utilized in the sorting
process at a MF for they permt easy access to the naterial
carried on the belt. Wen a flat belt conveyor is used in an
inclined position, it is often supplied with cleats and skirt
boards for the full length of the conveyor in order to nore
positively convey the nmaterials and prevent spill age. Tables 2.9
and 2.10 have been adapted from belt capacity tables published by
the CEMA for some specific materials generally handled in a MF.

2-28



| |

=

Figure 2-11. Trough type belt conveyor.

Skirtboards

Bolted Adjustable
Rubber Edgingt

Belt

Fi gure 2-12. Belt conveyor w th skirtboards.
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TABLE 2. 7. APPROXI MATE CONVEYOR BELT CAPACI TI ES
(20" TROUGH) '*® (TPH)

Belt Width (Inches)*

Component® 18 24 36 48 60 72
Glass Bottles* 6.0 116 28.3 52.2 83.4 121.8
Plastic Bottles® 0.8 15 3.7 6.8 108 158
Aluminum Cans* 0.8 15 3.7 6.8 10.8 15.8
News5 3.9 7.5 18.1 33.3 53.1 77.5
OCCs 1.2 2.2 5.3 9.8 15.6 22.8
Loose Refuseb 35 6.7 16.0 294 46.9 68.4
Refuse from Compactor TruckS 8.7 16.6 40.0 73.6 1172 171.0

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width; TPH = 20 FPM/100 FPM x 3.7 TPH = 0.7 TPH

‘Conveyor Speed = 100 FPM

2Edge Distance (inches) = 0.055 x belt width + 0.9. Three equal idler roll lengths
3Densities as per Table 2-5

4Surcharge Angle = 5°

SSurcharge Angle = 30”

6Based on capacities published in CEMA “Belt Convevors icr Buik Matcrizals®
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TABLE 2. 8. APPROXI MATE CONVEYOR BELT CAPACI Tl ES
(35" TROUGH)- (TPH)

Belt Width (Inches)?

Component3 18 24 36 48 60 72
Glass Bottles® 89 172 417  77.0 1229 179.4
Plastic Bottles® 1.2 2.2 5.4 10.0 16.0 233
Aluminum Cans#* 1.2 2.2 5.4 10.0 16.0 233
News$ 4.7 9.0 216 39.7 663 922
OCCs 1.4 2.6 6.3 11.7 195 271
Loose Refuse® 41 7.9 19.0 35.0 58.5 81.3
Refuse from Compactor Truck® 10.4 19.8 47.6 87.5 146.2 203.3

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width: TPH = 20 FPM/100 FPM x 5.4 TPH = 1 .1 TPH

‘Conveyor Speed = 100 FPM

*Edge Distance (inches) = 0.055 x belt width + 0.9. Three ecualidier roll lengths
SDensities as per Table 2-5

4Surcharge Angle = 5’

5Surcharge Angle = 30"

6Based on capacities published in CEMA “Belt Conveyors for Butk Materials”



TABLE 2.9. APPROXI MATE CONVEYOR BELT CAPACI TI ES
(FLAT BELT)'-¢ (TPH)
Belt Width (Inches)*
Component3 18 24 36 48 60 72
Glass Bottles* 11 2.2 5.1 9.4 14.9 21.8
Plastic Bottles* 0.1 0.3 0.7 1.2 1.9 2.8
Aluminum Cans* 0.1 0.3 0.7 1.2 1.9 2.8
News® 2.4 46 109 199 316 461
OCCs 0.7 1.3 3.2 5.9 9.3 13.6
Loose Refuse® 2.1 4.0 96 176 279 407
Refuse from Compactor Truck> 5.3 10.0 24.0 43.9 69.8 101.7

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width; TPH = 20 FPM/100 FPM x 0.7 TPH = 0.14 TPH

‘Conveyor Speed = 100 FPM
2No idlers

3Densities as per Table 2-5
4Surcharge Angle = 5’
SSurcharge Angle = 30"

5Based on capacities published in CEMA “Belt Conveyors for Euik Materials”



TABLE 2. 10.

APPROXI MATE CONVEYOR BELT CAPACI TI ES
(FLAT BELT WTH 6-IN. H GH
SKIRTBOARDS) "¢ ( TPH)

Belt Width (Inches)?

Component? 18 24 36 48 60 72
Glass Bottles” 34.0 47.4 75.1 104.1 134.4 165.9
Plastic Bottles® 4.4 6.2 98 135 175 216
Aluminum Cans? 4.4 6.2 9.8 13.5 175 21.6
News? 13.6 19.9 34.7 52.1 72.3 95.1
OCCs 4.0 5.9 10.2 15.3 21.3 28.0
Loose Refused 12.0 17.6 30.6 46.0 63.8 83.9
Refuse from Compactor Trucks 30.0 44.0 76.5 114.9 159.4  209.8

EXAMPLE: To find capacity at other belt speeds: New belt speed = 20 FPM; Plastic Bottles,
36 in. belt width: TPH = 20 FPM/100 FPM x 9.8 TPH = 2.0 TPH

‘Conveyor Speed = 100 FPM
2No idlers

3Densities as per Table 2-5
“Surcharge Angle = 5"
5Surcharge Angle = 30’

6Based on capacities published in CEMA “Belt Conveyors for Bulk 'iaterials”




Most flat belt conveyors rely upon the friction force between
the head pulley (drive pulley) and the conveyor belt to drive the
conveyor. Where particularly heavy loads are anticipated (e.g.
MSwW) chains are attached to the underside and to each side of the
belt for the full Ilength. This configuration wusually is
acconpani ed by cleats attached to the carrying surface of the belt
as well as full length skirtboards to retain material on the
conveyor. ASME/ ANSI B 20.1 Safety Standard is equally applicable
to flat belt conveyors as it is to the trough type as previously
di scussed.

Apron Conveyor

An apron conveyor consists of steel pans (flat or contoured)
supported by chains and is used in applications in which the
conveyor nay be subject to substantial inpact and abuse. GQui de
rollers riding on steel rails mnimze the frictional forces.
Cleats may be incorporated on the pans for inclined applications.
Apron conveyors are often enployed as infeed conveyors and may be
located in a pit below floor level. Anple provision should be made
for access for cleanout and nmintenance. Section 6.5 of the
ASME/ ANSI B 20.1 Safety Standard is specifically applicable to
apron conveyors.

Screw Conveyor

The screw conveyor (or auger) nmay be used to transport dry,
dense, free flowing materials (e.g., tin cans formed as nuggets).
Screw conveyors have also been used for bin discharge and as
nmetering feed devices. These units are not designed to transport
stringy, abrasive, or very wet materials.

Pneumat i ¢ Conveyor

A pneumatic conveyor utilizes a stream of air to convey
suspendabl e materials (e.g., alumnum cans or dust) through a tube
Pneumati ¢ conveyors nmay utilize either a vacuum or a positive
pressure. The pneumatic conveyor offers the facility designer nore
flexibility in equipment |ocation. However, the nunber of changes
in direction in the lines should be kept to a mnimm since they
result in pressure (efficiency) losses as well as probable points
of stoppages and wear.

2.3.10.2.2 Material handling equipnment (separation)--The
foll owi ng equipnent is enployed to separate one or nore materials
from the waste stream or substream It should be recognized that
none of these devices can be expected to be 100% effective.

Magneti c Separat or

Magnetic separation is a relatively sinple unit process and is
used to recover ferrous metal from the conm ngled waste stream
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Magnets may be either of the permanent or the el ectronagnetic type.

They are available in three configurations, nanely, the ‘drum
(Figure 2-13), the magnetic head pulley (Figure 2-14), and the
magnetic belt (Figure 2-15). They may be assenbl ed and suspended
in line, crossbelt, or nounted as conveyor head pulleys. The
magnetic head pulley conveyor is arranged so that in its operation

the material to be sorted is passed over the pulley in such a
manner that the nonferrous material wll fall along a different
trajectory than wll the ferrous naterial. The drum nagnet
assenbly can be installed for either overfeed or underfeed and
directs the ferrous along a trajectory other than that taken by the

nonferrous material. The magnetic belt, in its sinplest form
consi sts of single magnets nounted between two pulleys that support
a cleated conveyor belt nechanism The efficiency of magnetic

separation is affected by the bed depth of the waste stream For
nore conplete renmoval of ferrous, a secondary magnetic separator
may be considered. Conveyor and hopper conponents in the vicinity
of the magnetic field should be constructed of nonmagnetic
material s. Additional information on magnetic separation can be
obtained in References 1 to 7.

Eddy Current Device (A um num Separator)

An al um num separator enploys either a permanent nagnetic or
el ectromagnetic field to generate an electrical current (eddy)
whi ch causes alum num cans (nonferrous netals) to be ejected and
separated fromother materials. Al um num separation nmay take place
in the formof a conveyor head pulley or in the formof an inclined
stainless steel plate. Addi ti onal information on al um num
separation can be found in References 7 to 10.

D sc Screen

A disc screen consists of parallel multiple shafts al
rotating in the sane direction. Discs are nmounted on each of these
shafts, and spaced in such a fashion so that the discs on one shaft
are |ocated mdway between the discs on an opposing shaft. The
shafts and discs are so positioned relative to each other as to
establish fixed interstices through which the undersize materia
(e.g., broken glass or grit) will pass and the oversize material is
conveyed by both the discs and the series of rotating shafts. A
schematic view of a disc screen is presented in Figure 2-16. D sc
screens are subject to danp and stringy material wapping around
the shafts and discs and thus reducing the interstices. At the
infeed | ocation, abrasive material (e.g., broken glass or grit) nmay
abrade the outside dianeters of the shafts and discs so as to

substantially increase the interstices. Also, large pieces of
corrugated may act as a barrier to smaller nmaterial dropping
through the interstices. Any of these conditions can have a

significant detrinental effect upon perfornmance.
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Figure 2-15. Magnetic belt.
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Trommel Screen

The trommel is a rotary cylindrical screen, general ly
downwardly inclined, whose screening surface consists of wire nesh
or perforated plate. A diagram of a typical tromel screen is
presented in Figure 2-17. The tunbling action of the tromel

efficiently brings about a separation of individual itens or pieces
of material that may be attached to each other, or even of one
material contained w thin another. Large tromels (8 to 10 ft in
dianeter, and up to 50 ft long) have been used to separate |arge
OCC and/or newsprint from mxed paper or conmmngled containers
(particularly fromglass containers). Small tromels (1 to 2 ft in
diameter, by 2 to 4 ft long) have been used to separate |abels and
caps from crushed gl ass. These snmall units are sonetinmes used in
conjunction with an air streamto aid in the separation

Two-stage tromels have also been used in waste processing.
In two-stage tromels, the first stage (the initial Ilength of
screen) is provided with small apertures (e.g., 1 in. dianeter)
which permt broken glass, grit, and other snmall contam nants to be
renoved. The second stage is provided with larger apertures (e.g.
5 in. diameter) which allow glass, alumnum and plastic containers
to be renoved from the waste stream In the particular types of
MRFs discussed in this docunment, the oversize materials (overs)
m ght consist primarily of OCC and news, dependi ng upon the nmake-up
of the incom ng waste stream

Many factors influence the separation efficiency of a trommrel
i ncl udi ng:

characteristics and quantity of the incomng materials:
size, proportions, and inclination of the cylinder
screen;

rotational speed; and

size and nunber of screen openings.

Vi brating Screen

A vibrating screen utilizes a wire nmesh or perforated plate
screen deck to separate relatively dense, dry, undersize materials
from | ess dense oversize materials. A schematic diagram of a
vibrating screen is given in Figure 2-18. Vibrating conveyors are
nore tolerant of stringy materials than are other conveyors.

Damp, sticky materials have a tendency to blind the screen
deck and thus inpair the perfornmance. Large pieces of corrugated
and/or excessive material bed depth can substantially decrease
separation efficiency.
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Cscillating Screen

An oscillating screen is configured in a simlar fashion as a
vibrating screen except that the notion is of an orbital nature in
the plane of the screen deck. The sane comments as those presented
for vibrating screens apply.

Traveling Chain Curtain

The traveling chain curtain consists of one or nore rows of
common chai n each suspended from a continuously revol ving |ink-type
conveyor chain describing a somewhat elliptical orbit around a
vertical axis. The curtain provides a barrier to |less dense (e.g.
alum num and plastic) containers while permtting denser materia
(e.g., glass) to pass through on a downwardly inclined surface.
The efficiency of the traveling chain curtain can be greatly
influenced by the feed rate into the unit. Excessive quantities of
incomng nmaterial may cause lighter materials to push through the
curtain rather than to be directed to one side. Det ai | ed
di scussi ons about screens commonly used in the waste processing
field can be found in References 6, 7, and 11 to 16.

Alr Cassifier

Air classification enploys an air streamto separate a |ight
fraction (e.g., paper and plastic) from a heavy fraction (e..g.
metals and glass) in a waste stream Variabl es other than densiity,
such as particle size, surface area, and drag, also affect the
process of nmaterial separation through air classification
Consequently, alumnum cans, by virtue of a high drag-to-weight
ratio, may appear in the light fraction, and wet and matted paper
may appear in the heavy fraction.

Air classifiers may be provided in one of a nunmber of designs.
The vertical, straight type is one of the nobst common units. Ar
classifiers require provisions for appurtenant dust collection,
bl ower, separation, and conveying. Schenmati ¢ diagrans of typical
air classifiers are provided in Figure 2-19. A considerabl e anount
of work has been carried out in the area of air classification of
solid wastes. Results of sone of this work are reported in
References 7 and 17 to 22.

2.3.10.2.3 Material handlins equipnent (size reduction)--
Several types of size reduction equipnent are used for waste
processing. The equipnment is enployed to reduce the particle size
and/or increase the bulk density of wmaterial in order to neet
mar ket specifications and/or to reduce the cost of storage and
transportation.
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Can Shr edder

A can shredder is enployed to reduce alumnum cans to

particles of small size (less than 1 in.). The process increases
the density and thereby conserves on transportation costs.
Shredded al umi num may conmand a premum price. The shredder is
often supplied conplete with infeed conveyor, nmagnetic separator,
bl ower, and dust collector. Due to the costs involved in size
reducti on, prior to the installation and operation of a can
shredder it is especially inportant to determine if the

specifications call for shredded al um num

Can Densifier/Biscuiter

A can densifier is used to form alumnum cans into biscuits
generally weighing on the order of 40 |b each. The capacity of a
densifier may be increased by placing the densifier in series with
and following a can flattener. A densifier offers a viable option
to baling aluminumcans. As with the can shredder, it is inportant
to verify that the market wll accept and pay for the biscuit-
shaped product. The typical range of floor area requirenents for
alum num can densifiers comonly used in MRFs is illustrated in
Fi gure 2-20. Production rates as a function of horsepower for
alum num can densifiers are presented in Table 2.11.

Can Fl attener

A can flattener is a device used for flattening alum num or
tin cans. It is often provided conplete with inlet hopper, belt
conveyor, magnetic separator and pneumati c di scharge. The crushing
mechani sm generally consists of a steel drum with hardened cleats
rotating against a pressure plate, or vulcanized rubber pressure
drum or one or nore sets of steel crushing rolls or druns.

Overl oad protection and provisions for separating any |iquids that

may still be in the containers should be incorporated in the system
desi gn.

Figure 2-21 illustrates the typical range of floor area
requirements for can flatteners (with infeed conveyors) as conmonly
used in MRFs. Cl earance should be provided for maintenance

al though nost flatteners are relatively light and portable, and
thus they can readily be noved to another |ocation for maintenance
if necessary. Typical production rates as a function of horsepower
for alum num and steel can flatteners are presented in Table 2.12.

d ass Crusher

A gl ass crusher is used to reduce whole glass bottles to snal
particle sizes in order to neet nmarket specifications. d ass
crushers are often supplied with a feed hopper and conveyor.
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r 8-0"to 12-6"

Fi gure 2-20. Typi cal range of dinensions for can densifiers.

TABLE 2. 11. TYPI CAL PRODUCTI ON RATES (1b/hr) AND
HORSEPOWNER FOR ALUM NUM CAN DENSI FI ERS

wt. of
Lb/hr Biscuit (Ib) HP
300 - 500 18 >
600 - 900 18 /2
2500 unfiattened 40 25

3600 flattened
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90" to 180"

Figure 2-21. Typi cal range of dinensions for can flatteners.

TABLE 2. 12. TYPI CAL PRODUCTI ON RATES (1b/hr) AND HORSEPOVER
FOR ALUM NUM CAN FLATTENERS

Horsepower
Lb/hr Blower Flattener Conveyer

Aluminum

1.200 unflattened 5 5 1/3

2,000 unflattened

4,000 flattened 5 7.5 1/2
Steel

2,000 unflattened 7.5 1/2

to 10
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G ass crushers are units that typically require relatively high
mai nt enance because of the abrasive nature of the glass. Specifi-
cations fromthe users should be checked before glass crushers are
included in the design of a MRF since sone buyers prefer to perform
their own crushing. d ass crushing is a dust produci ng operation
and provision should be made to address this condition

Figure 2-22 illustrates the typical range of floor area
requi rements for glass crushers used in MRFs. C earance should be
provided for naintenance although nost crushers are relatively
light and portable and thus could be readily noved, if necessary,
to another location for rmaintenance. Typical production rates
versus horsepower for glass crushers comonly used in MRFs are
presented in Table 2.13.

Pl asti cs G anul at or

A plastics granulator is used to size reduce PET and/or HDPE

containers to a flake-like condition. The granul ated plastic is
generally shipped in gaylords. Due to the relatively |large
reduction in volune, substantial savings in shipping can be
realized when plastic granulation is enployed. Pl astics

granul ation is an operation that requires a relatively high degree
of mai ntenance and nay be prone to dust generation. As wth
crushed glass, markets should be checked to verify that the
specifications call for granulated material. Some potential buyers
may wish to maintain close control over the type of plastic they
receive and believe that they are better able to do so by requiring
that the plastic be baled rather than granul ated.

Pl asti cs Perforator

Technically, a plastics perforator is not classified as a
piece of size reduction equipnent. However, its use is so
intimately associated with that of a baler that it is included in
this discussion. A plastics perforator is used to puncture plastic
containers in order to increase bale density wth resultant
shi ppi ng econom es. The perforations also elimnate the need to
renove bottle caps and inprove baler efficiency since bales are
easier to form Anple storage nust be provided for the perforated
containers so that the baler may be efficiently utilized.

Bal er

A baler is one of the nobst common pieces of processing
equi pnent enployed in a MRF. A diagram of a baler is presented in
Fi gure 2-23. Balers are used for formng bales of newsprint,
corrugat ed, high-grade paper, mxed paper, plastics, alum num cans,
and tin cans. These units are available with a w de range of
| evel s of sophistication. Sonme balers are equipped for fully
automatic operation while others demand a considerable amount of
operator attention. If the design calls for the use of the sane
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4-0'to
5"9"

96"t 015-9"

Figure 2-22. Typi cal range of dinmensions for glass crushers
(with infeed conveyor).

TABLE 2. 13. TYPI CAL PRODUCTI ON RATES (TPH) AND HORSEPOAER
FOR GLASS CRUSHERS

Horsepower
TPH2) Crusher Conveyor
1-3 1 113
3-4 1to2 112
5-6 1to2 112
15 7-1/2 1/2

a) Most glass crushers will accept 1 gal glass jars.

Figure 2-23. Bal er.
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baler to bale nore than one material, it is extrenely inportant
that the baler selected be specifically designed for that purpose.
The market specifications which nust be nmet should be determ ned
before a baler is selected. Not all automatic tie devices are
al i ke. The nunber and size of baling wires, as well as the
available wire tension, nust be adequate for the particular
materials to be bal ed.

Figures 2-24 and 2-25 depict the typical range of floor area
requirements for single-ram and two-ram balers respectively as
commonly used in MRFs. Cl earance should be provided for
mai nt enance and accunul ati on of finished bales. Table 2.14 lists
typi cal production rates for OCC versus horsepower for horizontal
bal ers comonly enployed in MRFs. Typical dinmensions, densities,
and weights of bales for a variety of materials are given in Table
2. 15. A considerable anmount of research as well as test and
eval uation of size reduction equi pnent has been carried out during
the past 20 years. Sone sources of information include References
6, 7, and 23 to 33.

2.3.10.2.4 Equipnent for environnental control--In order to
protect the health and safety of the work force as well as to gain
the goodwill and to nmeet environnental requirements of the
community in which the MRF is located, it often is necessary to
provi de environnental equi prent above and beyond that which
normally is supplied with the material handling, separation, and/or
size reduction equipnent. Title 29 of the Code of Federal
Regul ati ons, Part 1910, presents the Cccupational Safety and Health
Adm ni stration (OSHA) Standards which nmust be net to provide for
the safety and health of the workers. Local and/or regional codes
or legislation often address the environmental relationship of a
facility within the community. In the planning and design phase of
the facility it is wise to review those operations likely to cause
distress to either the worker or to the comunity (or both), and
seek ways in how to best aneliorate or elimnate the problens.

Dust Col Il ection System

Shr eddi ng, granul ati ng, crushi ng, bal i ng, and screening
generally are dust producing operations. Dependi ng upon the
severity (which often is a function of the volune of naterial
handl ed) of the problem the solution can vary anywhere from a
sinple dust mask for the worker, to individual dust collection at
each of the dust producers, to one or nore centralized dust
collection systenms to serve the total needs of the facility. Dust
collection systenms include fans, ducting, cyclones, and baghouses.

Noi se Suppression Devices

The majority of the equipnent used in MRFs generate noise
and/ or dust. As is the case with dust problens, the solution to
noi se problens can be sinple (e.g., hearing protection worn by the
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Figure 2-24. Typi cal range of dinmension for single ram balers.
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6-0"
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Fi gure 2-25. Typical range of dinmension for two ram bal ers.

TABLE 2. 14. TYPI CAL OCC PRODUCTI ON RATES* AND HORSEPOWNER
FOR HORI ZONTAL BALERS

TPH HP
5-6 50
4-13 75
7-19 100
8-23 150
10-28 200
22-31 300

a) Production rates will vary due to bale dimensions, bale density,
baler configuration, and other factors.



TABLE 2. 15. TYPI CAL DENSI TIES AND WEI GATS (45"x30"x62" BALES)*
FOR BALED NMATERI ALS

Bal e

Density Wi ght

Conmponent (1b/cu ft) (1b)
Cor rugat ed 25 - 33 1200 ~ 1600
News 30 - 40 1450 - 1940
PET 24 - 32 1160 - 1540
Al um num Cans 15 - 46 730 - 2230
Steel Cans 30 - 60 1450 - 2900
Solid Waste 38 - 54 1840 - 2610

* Bale sizes, volunmes and weights may vary by bal er manufacturer,
nodel , node of operation, noisture content, and other factors.

worker) or may require sound nmuffling equipnment and/or sound
proofing at specific work |ocations or throughout the building, or
i solation of specific pieces of equipnent.

Qdor Control Equi pnent

Qdor control is not generally a problem at a MRF unless the

MRF is processing mxed MW Qdors can often be reduced or
elimnated by mnimzing storage tine of raw materials or product
followed by frequent floor washdown. O her odor contro

t echnol ogi es i ncl ude:

. i mproved di spersion
odor maski ng;
wet scrubbi ng;
carbon adsorption;
catalytic incineration; and
thermal incineration

In severe odor conditions, multiple technologies nmay be
required. Each technology nay be acconpanied by problens (in
addition to capital and operating costs) of its own and indeed, the
technol ogy may not be acceptable to the control agency or to the
conpl ai nant s.
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Heating, Ventilating, and Air Conditioning (HVAC

The geographical location (and the associated climatic
condition) of the facility has a major influence on the HVAC system
required, as does the very building design itself,. Sone  MRFs
i ncorporate enclosed sorting station roons in which HVAC systens
can be nore effective than for open stations. Area heaters and
ceiling and wall insulation may also be enployed.  Adequate
ventilation must be provided to control fumes which my be
generated by material handling vehicles, i ncidental 1ncom ng

hazardous materials, and incidental welding operations.

2.3.10.3 Fixed Equipnment Capacity-- _
The process of MRF design should include that the

manuf acturer's rated capacit and naxi num capacity, generally
expressed in tons per hour XTHﬁ for conveying, separating, and
processi ng equi pnent, be established and guaranteed. For equi pnent
in a system in which there is no redundancy, it Is wse to
incorporate extra capacity, i.e., surge or maximm capacity, in
order to conpensate for the inevitable downtimes. Alternatively,
t he equi pnent nmay be called upon to operate on an overtine basis.

Exanpl e:

A paper baler has the following characteristics for a specific
grade of paper:

Rat ed Capacity: 25 TPH
Maxi mum Capacity: 27.5 TPH

The baler will have the follow ng schedule for normal operation

Nunber of hours per day: 8
Nunber of days per week: 5

Assuning that the baler is out of service for repair for 8 hours
during a |-week period, it is necessary to calculate the options
for making up the loss in production. The expected production can
be obtained by multiplying the rated capacity by the nunber of
hours of normal operation.

Expected production = 25 TPH x 40 hr = 1,000 tons

The "actual" production, however, is calculated based on only 32
hours of operation. Thus:

Actual production = 25 TPH x 32 hr = 800 tons

Consequently, there is a deficiency of production of 200 tons (1000
tons - 800 tons).
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The following options can be followed in order to nakeup the
def i ci ency:

Ootion 1

The baler could be operated for 7.3 hours of overtine at
maxi mum capacity (27.5 TPH).

200 tons = 7.3 hrs x 27.5 TPH

Qotion 2
The bal er could be operated for 8 hours at rated capacity (25
TPH) .

200 tons = 8 hrs x 25 TPH
Qotion 3
The baler could be operated for 80 regular hours at maxi num
capacity.

200 tons = (80 hrs x 27.5 TPH - (80 hrs x 25 TPH)

200 tons = 2,200 tons - 2,000 tons

2.3.10.4 Fixed Equipnment WMaterial Recovery Efficiencies--

As discussed in Subsection 2.3.5 and listed in Table 2.6,
there are various factors which affect the recovery rate of
mat eri al s. As shown in Table 2.16, the interaction of these
factors result in a fairly broad range of material recovery
ef ficiencies.

In each case, the low end of the efficiency range indicated in
Table 2.16 may be reached when the feed rate is heavy and the tine
of exposure of the material to the separation device is mninma
Conversely, the higher recovery efficiencies my be realized at
light feed rates (e.g., where a can or bottle is not buried in the
waste strean) and the tine of exposure of the material to the
separation device is maxim zed.

2.3.10.5 Availability of Fixed Equipnent--

Availability is defined as the estimated portion of time that
a particular piece of equipnent is available to perform the work
for which it is intended. This is a concept often overlooked in
the equi pment sel ection process. The concept of availability takes
on special significance when the equipnment in question is one of a
series of machines as is generally the case in a processing system
For exanple, assune that a single processing line consists of 5
pi eces of equi pnment served by 6 conveyors. Also assune that, for
the purpose of illustrating the concept, the availability of each
of the machines is 0.95 (i.e., each machine is expected to be down
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TABLE 2. 16. MATERI AL RECOVERY EFFI Cl ENCI ES FOR SEPARATI NG

EQUI PVENT
Typi cal Range of Materia
Machi ne Recovery Efficiencies (%
Magnetic Separator (ferrous) 60 - 90
Eddy Current (alum num 60 - 90
Di sc Screen 50 - 90
Trommel Screen 80 - 90
Vi brating Screen 60 - 90
Traveling Chain Curtain 60 - 90
Air Cdassifier 60 - 90
Sour ce: CalRecovery, |nc.

for repair, mmintenance, pluggage clearance, power outage, etc., 5%
of the time that it mght otherw se be running). Lastly, assune
that the availability of each of the conveyors is 0.99. Then, the
availability of the total system (i.e., the process line) on a
wor st-case basis (i.e., any given nmachine or conveyor is
unavail abl e when all others are available), is:

Conveyors (99% 6 x Machines (95% 5 = 72.8%

In other words, a system using these machines and conveyors
all in line in this nmanner for a 40-hour period would, on a
wor st -case basis, operate only 0.728 x 40 hours = 29.12 hours.
The exanple is provided to underscore the inportance of the
concept, and is not neant to suggest actual availabilities of
speci fic equi prment.

Equi prent and system availability can be inproved in various
ways. Sonme of these are:

. the selection of proven equipnent with a docunented and
val i dated history:

. the selection of heavy duty equipnent;
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. proper system design which anticipates jam and
pluggages, particularly at entrance, transfer, and
di scharge points (e.g., conveyors, discharge chutes, any
bends in system etc.) and provides for their relief or
el i m nati on:

. trained operating per sonnel who under st and t he
[imtations of the equipnent;

. trai ned mai ntenance personnel who can readily address
downt i ne probl ens;

. preventative naintenance program

. supply of spare parts with particular attention to |ong

|l ead itens; and

. awar eness, in the design phase, of the interrelationship
of equi pnent so that the discharge from one machine is
conpatible with the operations of downstream equi pnent
(if capacities don't match, sone sort of surge capacity
needs to be included).

2.3.10.6 Fixed Equipnent Redundancy--

Problens related to capacity and availability can be
substantially reduced by providing multiple nachines and/or
processing lines. This concept is known as redundancy. Judicious
use of redundancy in a design inplies that if a machine or
processiing line is out of service for any reason, another machine
or line can be brought into operation. Provi sion for redundancy,
however,, is often acconpanied by a requirenent for increased
capital expenditure, not only for the duplicate equipnment but aiso
for the additional building space necessary to house that
equi prrent .

A form of redundancy can be achieved by other |ess expensive
means, incl uding:

. Use of common parts. For exanple, standardizing belt
wi dt hs, notor sizes, and other nechanical and electrica
conponents wll reduce the spare parts inventory yet

allow ready repair of equipnent.

. Mul tiple-use equipnent. A paper baler, for exanple, nmay
be equipped to handle plastics, tin, and/or alum num

. Using diverters, for exanple, in anticipation of downtine
of a glass crusher for flint glass, may nake it feasible
to tenporarily divert that material to another glass
crusher for processing.
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. Markets may be avail abl e which suggest that redundancy in

sone equi pnent should be of mnor inportance. For
exanple, there may be a market for PET in ground or baled
form However, even at sone price reduction for the
final product, it may be wise to plan on selling the

baled product at the lower price rather than 1ncur
additional <capital and operating costs which may be
associated with the granul ating process.

Redundancy is a very inportant concept in the design of MRFs.
Redundancy is particularly inportant at points or sections of a
systemthat are critical to the continuous operation of the plant.
The inplenentation of redundancy nust be carefully balanced with
practicality and financial viability.

2.3.10.7 Sizing of Fixed Equipnent--

The considerations of recovery efficiency, capacity,
availability, and redundancy discussed in the preceding section in
addition to anticipated fluctuations in the daily quantities of
materials received, the size of the tipping floor, the nunber of
shifts planned for operating, budgetary constraints, and the degree
of risk one is willing to accept, all influence the design and
sel ection of individual pieces of fixed equipnent. It must be
enphasi zed that average daily tonnages calculated by sinply
dividing the annual tonnage by the nunber of operating days (see
Subsection 2.3.2, Mss Balance) can be quite msleading when
desi gning and sel ecting equi prment.

If one ignores budgetary constraints, a capacity safety factor
or multiplier, ranging from1 to 2 on the maxinum daily tonnages of
materials anticipated, should be considered. For exanple, a
“multiplier of unity would be reasonable for equipment sizing if the
facility were designed with total redundancy (with each piece of
equi pmrent capable of handling the full 1load), high equipnent
availability (proven equi pment and systens), single shift operation
(with the option of operating a second shift), and a relatively
consistent flow of materials. A multiplier of two would be
reasonabl e for equipnment sizing if the facility were designed wth
little or no redundancy, low availability due to the positioning of
many pieces of equipnment in series, two shift schedul ed operation

and large fluctuations in inflow of mnaterials. For equi prent
enpl oyed in the average MRF, a multiplier of 1.25 to 1.5 generally
is used. The unique concerns relating to the sizing of sorting
conveyors will be discussed in Subsection 2.3.12.2, Sorting Rates

and Efficiencies.

2.3.10.8 Maintenance of Fixed Equipnent--

Early in the design phase of a MRF, consideration should be
given to providing sufficient access to the fixed equi pment for the
mai nt enance and repair work required to Kkeep the facility
oper ati onal . Preparation of prelimnary maintenance procedures
(preferably with the assistance of the equipnent supplier) simlar
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to those exanples illustrated in Appendix C for belt conveyors
magnetic separator, trommel screen, can flattener, and bal er serve
not only to identify and evaluate the amount and quality of
mai ntenance required but also to alert the designer to those
equi prent conponents to which access nust be provided.

2.3.11 Rollins Egquipnment

The review and sel ection process of rolling equipnment for use
in a VRF enploys much of the sane rationale as that outlined for
the review and selection process for fixed equipnent. The
followng observations concern sonme special consi derati ons
associated with rolling equipment.

2.3.11.1 Rolling Equi prment Conmonly Found in a MRF--

bi ns
cont ai ners
fl oor scrubber

forklift
front-end | oader
manul i ft

skid steer |oader

steam cl eaner

vacuuni sweeper/ magneti c pi ck-up
yard tractor

2.3.11.2 Rolling Equi pnent Capacity--
Rol I'ing equi pnent (nost of which is material handling
equi prent) nust, of course, be adequate to perform the tasks

required to feed the plant, perform internmediate nmaterial
transfers, and to load out the products. Equi pment nust  be
sel ected of adequate power, speed, and size to handle the tonnages
anti ci pat ed. If the equipment is too small, the productive
capacity of the entire plant can be adversely inpacted. It is also

possible for the equipnment to be too large for the plant in that
there may not be enough room to maneuver

The information presented in Table 2.17 is provided as a guide
in the selection of an appropriate bucket size for a front-end
| oader handling the materials generally processed in a MRrF.

2.3.11.3 Availability of Rolling Equipnent--

Rol | i ng equi pnent should be considered as an integral part of
the process line of a MRrF. Downtine associated with rolling
equi prent which delivers nmaterial to an infeed conveyor, transfers
material to or fromvarious processes, or |oads the product into or
onto outgoing trucks, trailers, etc., affects the overall plant
availability just as does fixed equi pnent downtinme. The sane |ist
of considerations provided under that for fixed equipment apply to

rolling equipment.
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TABLE 2. 17.

EXAMPLES OF FRONT- END LQADER CAPACI TI ES

Average Loose Bulk Densitya)

Approximate TPH per cu yd Bucket

Component (Ib/cu yd) Capacity of Front-End Loader®)
Whole Containers

Glass 500 7.50

Plastics 65 1.00

Aluminum 65 1.00

News 170 2.60

occ 50 0.75

Loose Refuse 150 2.30

Refuse after 375 5.60

dumping from
compactor
truck

a)The values used are averages of a range of available data for each component.
b)For other front-end loader capacities, multiply the relative bucket size.
Bucket size = 2-1/4 cu yd. Glass = 7.5 TPH/cu yd x 2.25 = 16.9 TPH.



2.3.11. 4 Rol | i ng Equi pnent Redundancy- -

The requirenent for redundancy in rolling equipnment is not as
severe as that for fixed equipnent. Standard nodels of various
pieces of rolling equipment are often readily available for
tenporary or energency use froma |ocal dealership. Oten, as part
of a maintenance/service contract, a rolling equi pnent dealer wll
make available a replacenment unit in the event that a particular
machi ne nust wundergo extensive repair. Additionally, various
attachnents to basic machines may provide a degree of redundancy
t hrough nul ti-purpose use.

2.3.11.5 Rol | i ng Equi pnent Sel ecti on--

In the review and selection process of individual itens of
rolling equipnent, just as for fixed equipnent, it should be
recogni zed that these itens mnmust not only conpatibly interrelate
with one another, but also with the manner in which the raw
material is to be received, the in-process material transferred
and the product |oaded for shipnent. Special care should be given
as to whether or not the vehicle is to be used exclusively indoors
or outdoors, or both, particularly in regard to exhaust fune
gener ati on.

2.3.12 Hunan Factors

The purpose of this section is to explore a few of the
psychol ogi cal and physical relationships that arise as workers
interact with machinery in a MRF environment.

2.3.12.1 Staffing Requirenents--
Wiether a MF utilizes a 1low- or high-technology system
configuration or sone intermediate system there is a need for the

-enpl oynment of nmanual | aborers. In another section of this
docunent, job descriptions, enployee relations, health and safety,
and other topics will be discussed. The information presented in

Table 2.18 is provided as a guide to the size and make-up of the
work force in MRFs of various throughputs.

2.3.12.2 Sorting Rates and Efficiencies--
The ranges of nmmnual sorting rates and efficiencies for

various materials are presented in Table 2.109. In a mx of
materials, such as OCC and newspaper, higher sorting efficiencies
will generally be achieved by nmanually renoving ("positively
sorting") the lesser quantities of material from the greater. As
shown in Figure 2-5, in sorting station #1, residue at a rate of

4.4 TPD and OCC at a rate of about 9.8 TPD are positively sorted
fromthe incomng mx of 44 TPD. On the other hand, about 29.77
TPD of newspaper are permtted to pass through the sorting station
untouched (i.e., "negatively sorted"). Wth reference to sorting
station #2, in Figure 2-6, mxed broken glass would be negatively
sorted even though it represents a |ower throughput than either

green or clear glass since the broken glass would be nore difficult
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TABLE 2.18. APPROXI MATE RANGE OF STAFFI NG REQUI REMENTS

FOR MATERI AL RECOVERY FAC LI TI ES

Tons per Wek

Per sonnel 500 1, 000 1, 500 2,000
Ofice
Pl ant Manager 1 1 1 1
Scal emast er / Bookkeeper 1 1 1 1
Aerk o-1 1 -2 2 - 3 2 -3
Jani t or 0 0 0 1
Pl ant
For eman/ Machi ne QOper at or 1 -2 2 - 3 3 - 4 3 -4
Sorters 13 - 25 16 - 27 19 - 32 25 - 38
Forklift/FEL Qperators 2 - 3 3 - 4 4 -5 5-6
Mai nt enance 1 4
TOTAL 19 - 34 26 - 40 33 - 49 42 - 58

Sour ce: CalRecovery, |nc.

TABLE 2. 19. MANUAL

SORTI NG RATES AND EFFI Cl ENCI ES

Approximate Ranges

Material Containers/Ib Containers/Minute/ Lb/Hr/Sorter®) Recovery
Sorter Efficiency (%)

Newspaper S 1.500 - 10,000 60 - 95
Corrugated —— 1,500 - 10,000 60 - 95
Glass

(mixed/whole) 15-3.0 30-60 900 - 1,800 70 - 95
Glass

(by color) 15-3.0 15-30 450 - 900 80 - 95
Plastic

(PET. HDPE) 45-90 30-60 300 - 600 80 - 95
Aluminum

(from plastic) 22.5-27 30-60 100 - 120 80 - 95

a) Based on average sorting rates (containers/minute/sorter)
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to manually extract from the glass stream than whole glass
cont ai ners.

Sorting stations should be arranged so that the sorters are
not conpeting with one another for the sane item Sonme desi gners
acconplish this by positioning the sorters on only one side of the
sorting belt and by assigning specific materials to be handl ed by
each sorter. O her designers locate the sorters on both sides of
the sorting belt. In this particular situation, the sorting
positions are staggered along the belt length in order to avoid
conpetition by nmore than one sorter over the sane item Appropriate
widths for sorting belts, selected to mnimze personnel fatigue

and consequent |oss of efficiency, are given in Table 2.20. The
wor ki ng hei ght of the sorting belt should be between 36 in. and 42
in. fromthe platform level. A working height of 42 in. allows for

the installation of tenmporary risers for shorter workers.

Sorting belts should be outfitted with variable speed devices
capable of controlling the belt speed between 0 and 100 FPM The
hi gher belt speeds would be utilized under conditions where nost or
all of the material is anticipated to be negatively sorted. For
average sorting conditions for both paper sorting and comm ngl ed
container sorting, a maximm belt speed of 30 FPM is considered
appropri ate. Sorting rates and manual mat eri al recovery
efficiencies may be further enhanced by providing the sorting area
with conplete environnental control (i.e., heating, ventilation,
and air conditioning). This approach will also reduce personne
exposure to process noi se and dust.

Sanpl e Cal cul ati ons _(Paper)

-Refer to Figure 2-5, Paper Line - sorting station #1
I ncom ng paper = 44 TPD (5.5 TPH)
Design capacity = 1.5 x 5.5 TPH = 8.25 TPH
To find conbined density:
Newspaper (6.19 1b/cu ft) x 29.77 TPD = 184.3
OCC (1.87 1b/cu ft) x 9.83 TPD = 18.4
Residue (150 Ib per cu yd/27) x 4.5 TPD/44 TPD = 24.5/227.2
Average density = 227.2/44 = 5.16 1lb/cu ft

Capacities for flat belts (in cu ft/hr) at a speed of 100 FPM are
presented in Table 2.21.
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TABLE 2. 20. RECOMMENDED NMAXI MUM SCORTI NG BELT W DTHS

Recommended Maximum Belt Width (in.)

Sorting Process Sorting  Stations Sorting Stations
on One Side on Both Sides
Paper (OCC or ONP) 42 72
Commingled Containers 30 48

TABLE 2. 21. FLAT BELT CAPACITY®

Capacity at 100 FPM (cu ft/br)
Surcharge Angle

Belt Width
(in.) 5° 10° 15° 20" 25° 30°
18 120 246 372 498 630 762
24 234 465 702 942 1188 1446
30 378 756 1137 1527 1926 2340
36 552 1112 1677 2253 2844 3450
42 768 1542 2322 3120 3936 4776
48 1014 2037 3072 4128 5208 6318
54 1296 2604 3924 5274 6654 8076
60 1614 3240 4884 6560 8280 10050
72 2352 4722 7118 9558 12060 14640
64 3228 6460 9768 13116 16548 20091
96 4243 8514 12834 17238 21750 26406

a) Standard Edge Distance = 0.85b + 0.9 in. Adapted from CEMA “Belt Conveyors for Bulk
Materials.’



TABLE 2. 21. FROM TABLE 2.21 AND SURCHARCE ANGLE =

Belt Width (in.)
42 48 54 60 72

Cu ft/hr at 100 FPM 4776 6316 6076 10050 14640
Cu ft/hre at 30 FPM 1433 1095 2423 3015 4392
Lb/hr at 30 FPM and 7394 9778 12503 15557 22663
5.16 Ibfcu ft

TPH at 30 FPM and 3.7 4.9 6.3 7.0 11.3
5.16 ib/cu tt

Safety factors based on 5.5 TPH nominal feed rate:

54 in. belt with 6.3 TPH/5.5 TPH = 1 .1

60 in. belt width 7.6 TPH/5.5 TPH = 1.4

72 in. bell width 11.3 TPH/5.5 TPH = 2.1

30"

TABLE 2. 21. FROM TABLE 2.21 AND SURCHARGE ANGLE 5°
Belt Width (in.)
24 30 36 42 48
Cu ft/hr at 100 FPM 234 378 552 768 1014
Cu ft/hr at 30 FPM 70 113 166 230 304
Lb/hr at 30 FPM and 1103 1781 2616 3625 4791
15.76 Ib/cu ft
TPH at 30 FPM and 0.6 0.9 1.3 1.8 2.4
15.76 ib/cu ft
Safety factor based on 1.77 TPH feedrate:

36 in. belt width 1.3 TFH/1.77 TPH = 0.7

42 in, belt width 1.8 TPH/1.77 TPH =10

48 in. belt width 2.4 TPH/1.77 TPH = 1.36

2-61



Concl usi on

In the exanple chosen, a wdth of 72 in. for the sorting belt
at a speed of 30 FPM is an option which would provide sufficient
capacity to acconmodate nmaterial surges of 50% of the nom nal feed
rate. Consequent |y, |acking budgetary constraints, this belt is
the recommended choice for this particular application

l | cul ation nm ngl nt ai ner
Refer to Figure 2-6, Comm ngled Container Line--sorting station #2

Incom ng containers = 14.18 TPD (1.77 TPH)
Design capacity = 1.5 x 1.77 = 2.66 TPH

To find conbi ned density:

d ass (18.45 1b/cu ft) x 11.35 TPD = 209.4

Ferrous (4.9 1lb/cu ft) x 0.62 TPD = 3.0

Al um num (2.36 1lb/cu ft ) x 0.10 TPD = 0.2

Plastic (2.37 1b/cu ft) x 0.23 TPD = 0.5

Residue (150 |Ib per cu yds/27) x 1.88 TPD/14.18 TPD =

10.4/223.5
Average density = 223.5/14.18 = 15.76 1lb/cu ft

Concl usi on

In the exanple chosen, a wdth of 48 in. for the sorting belt
operating at 30 FPM is the only possibility which would provide
sufficient capacity to accomobdate any material surges (and that

woul d be approximately 36% over the nomnal feed rate). It is not
suggested that a wder belt be used since that would reduce worker
efficiency. If necessary, for short periods of tinme, the belt

coul d be operated at a higher speed (2.66 TPH/2.4 TPH x 30 FPM = 33
FPM in order to reach a 50% surge capacity.

2.3.12.3 Psychol ogi cal Factors--

In the long list of services and processes provided by
i ndi vidual s and organi zations in the comunities which make up our
society, few nmay be regarded as nore beneficial to and necessary
for our society than those associated with a MRF

Much can be done to enhance the status of the nmanual | aborer
both in the eyes of the public as well as in his or her own eyes.
They include, anong others:

. conducting an active and continuing public relations
canpaign siting the inportant contribution a MRF nmakes in
inproving the quality of life;

. designing and building a M¥F which is aesthetically
pl easing both to the visitor and to the worker;

2-62



. developing a sense of pride and acconplishrment in the
m nd of each worker for a difficult task well done: and

. maintaining the MRF in such a manner as to make it as
pl easant a place as possible in which to work.

2.3.12.4 Physical Factors--

As is true with many processing and/ or manufacturing plants,
workers in a MRF nust interact with both fixed and rolling
equi prrent on a continual basis. In a MRF, the incomng nmaterials,
particularly bottles (broken glass) and cans (sharp, ragged edges),
present physical dangers to the worker as does the equipnent
enpl oyed in handling and processing that material

In addition to the attention which nmust be paid to providing
each worker with safety clothing and equipnent and otherw se
adhering to the general industrial safety practices (OSHA), there
are a few special precautions to observe in the design and
operation of a MRF. They include, anong others:

. incorporating a systemin which the worker nonitors the
machine. This is to ensure that the nmachi ne operates as
intended and is not overl oaded;

. incorporating a systemin which the machine nmonitors the
wor ker . This is to ensure that should the worker, for
what ever reason, not perform the task as intended, the
machine will issue a warning or shut down:

. adopting an operating philosophy that the worker is not

in conpetition with the nmachine, but rather that the
wor ker and nmachi ne conplenment one another in order to
best perform the task;

designing the work stations in such a manner as to |imt
the physical exertion and awkward bendi ng, stretching,
lifting, and noving required to perform the task;

arrangi ng equi pnent controls in a sinple and consi stent
manner from machine to machine to reduce the chance of
operator error; and

. recogni zing the probability of fatigue or boredom because
of the routine nature of the tasks and adjusting working
schedul es and/or task assignnments accordingly.

2.3.12.5 Enploynment Qpportunities--
In communities of high or chronic unenployment (particularly

of unskilled |aborers), MRFs present an opportunity to alleviate
that condition. The MRFs also provide an opportunity for the
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enpl oynent of part-tinme seasonal workers typically required in
resort areas.

2.3.13 Acceptable Waste

Accept abl e waste may be defined as that naterial which the MRF
i s designed to receive and process for the markets identified. For
the basic MRF as described in Subsection 2.2.1, acceptable waste is
identified as source separated materials arriving at the facility
in two waste streans, i.e., paper and comm ngl ed containers.
Variations fromthe basic MRF which broaden the list of acceptable
waste are discussed in Subsection 2.2.2

The quality of the incomng waste materials is highly
dependent upon the understandi ng, cooperation, and participation of
the public. In order to increase the probability of the facility
recel ving acceptable waste, it is wise to publish a list, not only
of acceptable waste and how to prepare it, but also of waste that
is unacceptable, One such list is shown on Table 2.22

2.3.14 Raw Material Storage

The design of nmost MRFs incorporate sufficient storage area to
accommodat e the equivalent of at |east one day's supply of raw

material. Several factors influence the decision regardin? t he
amount of floor space to allocate to raw material. They include
. Redundancy. A facility with redundant processing systens

has | ess need for raw material storage space

. Processing vs receiving hours. A facility open to
receipt of raw material outside of schedul ed processing
tinmes nmust provide sufficient storage capacity for the
raw material. In the case where schedul ed processing
takes place (e.g., a second shift) beyond the NRF
receiving hours, raw material storage is also necessary
in order to provide the material to process.

Local regulations. In many localities restrictions are
pl aced upon the nunber of vehicles which nmay queue up to
unl oad. Adequate raw material storage space nust be
provided to prevent this condition from occurring.

Vehicles vs tipping floor configuration. The nere
provision of floor space for the storage of raw materials
may not totally address the problens discussed above.
Care nust be taken that the collection vehicles can gain
ready access to the tipping floor, quickly unload, and
depart with a mnimum of interference with other vehicles
and/or the front-end |oader(s) on the tipping floor
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TABLE 2. 22.

MATERI ALS TO BE COLLECTED FOR RECYCLI NG NEWSPAPER,

VWH TE OFFI CE PAPER, CORRUGATED CARDBQOARD, GLASS,

TIN CANS, ALUM NUM AND PLASTIC®

Acceptable
(Common Names)

Non-Acceptable

Preparation

Paper
Newsprint

White off ice paper

Cardboard
Corrugated

Glass
Bottles (any color)
Jars (any color)

Aluminum
Aluminum beverage cans,
foil, aluminum pie plates

- Tin Cans

All tin cans

Plastic
Only consumer (i.e., high
density polyethylene [HDPE],
shampoo bottles, detergent
bottles, milk and water
bottles, oil, anti-freeze
containers)
PET = beverage containers

Glossy paper
Magazines

Phone books
Colored office paper

Any waxed cardboard (i.e., milk
cartons)

Any corrugated contaminated
with food or other waste

Plate glass (window)
tight bulbs

Drinking glasses
Ceramics of any kind

Construction aluminum

Unwashed cans

Any brittle plastics (i.e.,
cottage cheese containers)
Film (i.e., plastic bags)
Ketchup bottles

Industrial plastic

Remove any tape,
rubber bands, or
staples

Flatten corrugated

Do not break

Rinse

Remove tops, rings
and caps

May leave paper labels

Rinse and clean

Rinse can

Remove label

Do not need to remove
both ends or flatten

Remove caps and rings
Rinse container
Flatten if possible

a) For example purposes only.



2.3.15 Product Storage

The amount and location (i.e., indoors or outdoors) of space
allocated to product storage is influenced, in great degree, by the
mar ket s. Paper products may be stored indoors in bales, |oaded

| oose into conpactor type transport vehicles, or baled and |oaded
into trailers or rail cars. Oten the nmarket will dictate on how
the product is to be shipped. Al umnumcans, tin cans and bineta

cans may be shipped |oose, flattened or otherw se size reduced and
shipped. The market specifications will also influence whether or

not the products may be stored outdoors pending shipnent. The
finished forns of other products as well have been discussed in
Subsection 2.2.1. and included in Tables 2.2 and 2.3. In any case,

sufficient space nust be allocated indoors or outdoors in order to
make an econom ¢ shipnent of the product to the market.

2.3.16 Building

The MRF buil ding design should be a joint effort on the parts
of the process engineer, structural engineer, and the architect.
The design will necessarily be influenced by the site conditions
and anticipated traffic patterns. Cear, wde bays utilizing a
m ni mum nunber of interior colums are preferred in order to
present the |east possible interference with trucks and other
rolling equipnent. A high bay tipping floor is often a requirenent
for the accomodation and dunping of raw material. Simlarly, wde
high bay doors are desired to mnimze the possibility of
interference with tipping vehicles.

Consi deration should be made in the design of the building for
t he possible future expansion of the facility to handl e greater
quantities and/or an increased variety of raw materials. The
buil ding should also be viewed as a tool for the mtigation of any
noi se, dust, litter, and odor that m ght otherw se adversely inpact
upon the surroundi ng nei ghborhood. Encl osed, well illum nated
sorting roons with properly designed HVAC systens will assist in
mai ntaining a high level of productivity and worker norale.
Qobviously, all building, fire, and safety codes nust be adhered to.

2.4 MRF MANAGENMENT
2.4.1 Organization

A nationwi de survey of MRFs (Table 2.23) gives a nunerical
breakdown of enpl oyees by managenent and nonmanagenent categori es,
and by size of facilities. The total nunber of enployees per
existing facility averages about 19. Planned installations at the
time of the survey, showed a higher workforce, approximately 26;
however, these planned facilities are larger in design capacity
than current plants.
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TABLE 2.23.

NUMBER OF FULL-TI ME EQUI VALENT

(FTE) EMPLOYEES

Standard
Sample Mean Sum Deviation Minimum Maximum
TOTAL EMPLOYEES
All Facilities 21.67 1,538 23.37 1.50 165.00
Planned Facilities 25.69 796 28.56 8.00 165.00
Existing Facilities 18.55 742 18.17 1.50 92.00
MANAGEMENT
All Facilities 2.87 204 2.96 0.10 16.00
Planned Facilities 3.56 110 3.57 1.00 16.00
Existing Facilities 2.34 94 2.28 0.10 12.00
NON-MANAGEMENT
All Facilities 18.79 1,334 20.94 1.00 150.00
Planned Facilities 22.13 686 25.69 7.00 150.00
Existing Facilities 16.21 648 16.22 1.00 80.00

N

71*
31
40

71
31
40

71
31
40

RATIO OF NON-MANAGEMENT EMPLOYEES: DESIGN CAPACITY (TONS PER DAY)

All Facilities 0.272
1t0 99 TPD 0.385
100+ TPD 0.142
Planned 0.159
Existing 0.360
Low-Tech 0.313
High-Tech 0.210

0.442

0.578
0.142

0.155
0.561

0.582
0.130

0.035

0.044
0.035

0.035
0.044

0.058
0.035

3.500

3.500
0.468

0.900
3.500

3.500
0.535

71

38
33

31
40

38*
31

* No information was available from 33 planned MRFs with regard to number of
employees (management or non-management); an additional two projects did not

furnish data with respect to degree of mechanization.



Data relating the ratio of nonmanagnent enployees to design
capacity are given in Table 2.24. This ratio can provide an
i ndi cation of operational effectiveness, as |abor costs are a
significant part of total operation and maintenance costs.
However, |ower |abor requirements nornmally result from the use of
fairlg sophi sticated equipnent. The increased capital costs nust
then be equated with |lower costs before a judgenent on operational
efficiency can be nade. In Table 2.23, the ratios of enployees to
different categories of M¥Fs is also given. These types include:
plants processing 1 to 99 TPD, and greater than 100 TPD; planned
and existing facilities; and "low" and "high-tech" pl ants.

2.4.2 operating Schedul es

The majority of MRFs surveyed (GAA, 1990) processed materials
on a 5-day per week basis. he nmean figure, as shown in Table
2.24, actually is 5.23 days per week with a range of 4.0 to 6.5
days per week.

Most of the MRFs surveyed operated one shift per day: sone
schedul ed two or three shifts. The mean value for all facilities
was 1.16 shifts per day. The length of a shift was 8 hours at
nearly all planned and existing facilities; however, a snmall nunber
of existing plants had shifts ranging from4 to 10 hours. The
aver age nunber of days that the MRFs were in operation varied
ggémeen 208 and 338; the average nunmber of days was approximately

It is inportant to note that the schedule of operations for
any facility will depend on locally defined conditions. These
condi tions woul d include collection schedul es, throughput of the
. facility, capacity of the facility, etc.

2.4.3 Job Descriptions

A variety of skills are required for personnel operating a
MRF. Descriptions of jobs to be carried out at a MRF are discussed
in the follow ng paragraphs.

2.4.3.1 Plant Manager - -

The plant manager works under the general supervision of an
operations vice president. The plant nmanager directs and
coor di nat es, through subordinate supervisory personnel, all
activities concerned with Production of end products fromthe
recyclables. The manager will confer with managenent staff at the
corporate level to ensure achievenment of established production and
$/ annual capacityquality control standards, devel opnent of and
conpliance with cost controls, developnent of operational budget,
and mai ntenance of the safety plan.
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TABLE 2.24. OPERATING SCHEDULES OF MRFs

Standard
Sample Mean Deviation Minimum Maximum N
DAYS OF OPERATION PER WEEK
All Facilities 5.23 0.42 4.00 6.50 99*
Planned Facilities 5.24 0.40 5.00 6.50 59
Existing Facilities 521 0.45 4.00 6.00 40

« No information was available from five planned MRFs with regard to days of plant
operation per week.

SHIFTS PER DAY

All Facilities 1.16 0.41 1.00 3.00 98 *
Planned Facilities 113 0.42 1.00 3.00 58
Existing Facilities 119 0.39 1.00 2.00 40

* No information was available from six planned MRFs with regard to the number of
shifts per day.

HOURS PER SHIFT

All Fecilities 8.00 0.50 4.00 10.00 98*
Planned Facilities 8.00 0.00 8.00 8.00 58
Existing Facilities 8.00 0.50 4.00 10.00 40

* No information was available from six planned MRFs with regard to hours per shift.

DAYS OF OPERATION PER YEAR

All Fecilities 266.51 21.29 208.00 338.00 98’
Planned Facilities 265.88 21.69 250.00 338.00 58
Existing Facilities 267.43 20.94 208.00 312.00 40

* No information was available from six planned MRFs with regard to the number of
days of plant operation per year.



2.4.3.2 Foreman--

The foreman works under the direct suEervision of the plant
manager. The foreman is responsible for the daily production of
end products in specified quantity and quality on both the m xed
recycl abl es and paper processing lines. The foreman w |l conduct
start-up and close-down procedures before and after his shift and
ensure that proper naintenance procedures are followed by the
enpl oyees under his supervision. Qher responsibilities include:
inspecting |oad-out of materials; ensuring that all work stations
are maintained in a clean and orderly manner: and verifying that
all enployees are furnished with appropriate safety apparel and
equi pnent .

2.4.3.3 Mintenance Mechanic--

The mai ntenance nechanic repairs and naintains, in accordance
wi th diagranms, sketches, operations manual s, trainingcfrograns,_and
manuf acturer's specifications, all  machinery an el ectrica
equi pment relating to processing. The maintenance nechanic is al so
responsi ble for perform ng mal ntenance checks before and after
operations, as well as initiating purchase orders for necessary
parts and supervising general factory workers in cleaning and
preventive mai ntenance tasks on individually assigned e?uipnent.
The senior naintenance nmechanic reports directly to the forenan.

2.4.3.4 Equi prent Operators-- _
The equi pnent operator is responsible for novenent and

transfer of recyclables. Each operator has a conplete
under st andi ng of the MRF systens, and is trained to assist in
material inspection and quality control. The operators on both

lines are responsible for properly loading material to assure a
fully charged receivin? pit and a well-m xed |oad, and to densely
and evenly load bales of processed material onto transfer trailers.
One equi pnent operator is responsible for facilitating baler-to-
trail er loadout of processed steel, alum num and plastic. Al
rolling stock operators and plant personnel are cross-trained for
versatility and plant efficiency.

2.4.3.5 Ceneral Factory Wrkers--

CGeneral factory workers are responsible for color sorting
gl ass and separating HDPE and PET plastics. Al general factor
workers are trained to ensure that contam nant-sensitive materia
(e.g., glass) is free of deleterious foreign matter such as
ceram cs, plate glass, and porcelain. GCeneral tactory workers are
trained to recogni ze nonrecyclable material and inform the foreman
if any potentially danmaging or hazardous itens are found in the

rocess flow. These are the only active sorters on the processing
i ne.

2.4.3.6 Quality Assurance |nspectors-- _
Qual ity assurance inspectors staff the mxed recyclables |ine

at the inspection station. The i nspector is responsible for

exam ning the material infeed for contam nants and nonrecycl abl e
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material s. A dedicated inspector--not sorters preoccupied wth
mai ntai ni ng end-product purity--is necessary to ensure the renova

of these reject materials.

2.4.3.7 Admnistrative Assistant--

The admnistrative assistant works under the direct
supervi sion of the plant manager. Duties of the adm nistrative
manager include: *"front office" tasks such as answering tel ephones
and reception; preparing and submtting all required reports such
as material shipnents, and personnel record keeping.

2.4.4 Health and safety Consi derations

It behooves any enployee of a MRF to be alert to potentia
health and safety ©problems associated with the workplace
environnent and thé waste stream processed. There are physi cal
dangers inherent in the comm ngl ed recyclables or MSW such as
broken glass, sharp netals, etc. ~There are also potentia
gnV|ronnentaI and medi cal dangers, particularly in raw MSW bl ow ng

ust, etc.

Wrkpl ace dangers are also present at a MRF. Mbile equi pment
such as fork lifts, front-end |oaders, and delivery trucks are
heavily utilized; conmon sense safety procedures nust "be fol | owed.
Further, the nature of a MRF processing line requires that certain
functions be carried out at elevated heights. Wth this in mnd,
there are steps to clinb, sortin% stations to tend, etc. Care must
be exercised in getting to and fromthe work station, as well as
while working. Safety helnmets are a nmust, as a high probability
exists that objects will fall froman elevated station fromtime to

tine.
Good safety practices are needed at any MRF. Thi s
necessitates a wel | -nmanaged safety training programto informthe

enployee as to what constitutes "working safely;" this is a
fundamental managenent responsibility.

2.5. MRF ECONOM C ANALYSI S

2.5.1 Introduction

The purpose of this section is to present a range of capital
and operating costs for MRFs. The costs for the facilities are
presented in two forns: unit costs, such as dollars per ton per da%
($/TPD), and in total cost for throughput capacities between 10 TP
and 500 TPD. A range of throughput capacities has been used to
refl ect any resultant econom es of scale. A range of costs is
presented in order to account for variations in both engineering
design and in capital and operating costs, and to accomodate the
w de variety of specific conditions that apply to MRF projects.
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2.5.2 composition of Recvcl abl es

In order to performthe cost analysis for the facility, a
composition of recyclable materials has been assuned. The assuned
conposition of recyclables expected to enter the facility is
presented in Table 2.25. Furthermore, it has also been assuned
that comm ngled paper will arrive into the facility separated from
commi ngl ed containers (alumnum steel, plastic and glass). This
go%ncigeg gﬁth the material flow assunptions presented in Figures

-5 and 2-6.

2.5.3 Capital Costs

2.5.3.1 Facility Construction Costs--

Esti mated capital costs have been devel oped for both facility
construction and for equipnent. Ranges for unit capital costs for
five major construction categories are presented I1n Table 2.26.
The difference between Ilow and high cost ranges include
project-specific conditions such as subsurface conditions, |ocal
topography, structural materials used for building construction
(e.g., steel or concrete) and |ocal building code requirenents.
Typical floor area requirements for the major sections of a MRF are
presented in Table 2.27 as a function of throughput capacity. As
Indicated in the table, primary variables are the anount of tipping
floor and storage capacity desired for processed recyclables. A
general rule is to maintain sufficient tipping floor capacity to
accomodat e a reasonabl e "worst-case" unschedul ed nai nt enance event
and enough storage capacity for one to two unit truckloads (about
20 tons/truck) for each material processed.

The unit cost elements given in Tables 2.26 and 2.27 have been
conbined in Table 2.28 to present total and unit construction costs
as a function of capacity. As shown in the table, in the case of
facilities having a capacity in the range of 10 TPD to 500 TPD, the
unit costs decrease as capacity increases.

2.5.3.2 Equi pment Costs--

Table 2.29 presents a range of typical unit equipnent costs
based upon the throughput capacity of the NMRF. Simlar to
construction costs of the facility, the unit costs for the
equi prent decrease as capacity increases. Reasons for the decrease
in unit costs include price reductions generally received from
vendors for |arge purchases and econom es of scal e obtained when
producing larger pieces of equipment, at least in the range of
facility capacities considered herein. Table 2.30 presents tota
equi pnent costs by throughput capacity. The data in the table also
show a sunmary of equipnent unit costs

2.5.3.3 Total Capital Costs--

Estimated total capital costs by throu%hput capacity are
presented in Table 2.31. The information in the table is divided
Into facility construction costs, equipnent costs, and engi neering
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TABLE 2. 25. ASSUVED RECYCLABLES coMPOSTION?’

Percent by
Material Weight

Newspaper 33
Mixed Paper 41
TOTAL PAPER 74
Glass Bottles 19
Tin Cans 4
Aluminum Cans 1
PET & HOPE Containers 2
TOTAL COMMINGLED CONTAINERS 26
TOTAL 100

a) Recyclables are assumed to arrive at the MRF as commingled paper and
commingled containers.

TABLE 2.26. TYPI CAL MRF CONSTRUCTI ON COSTS"'
($/sq ft FLOOR AREA)

Item LOW High Average Cost Segments

Site Work 53.00 $10.00 $6.50 Excavation
Grading
Paving
Landscaping
Weigh Scale

Utilities 51.00 $2.00 31.50 Electrical
Water
Sewage

structures $20.00 540.00 $30.00 Concrete
Structural
Doors
Indoor Utilities
Fire Control
Lighting

General 51.00 $3.00 $2.00 Bonds

Conditions b) Building Permit
Mobilization

Contingency c) $2.50 $5.50 $4.00

Total $27.50 $60.50 $44.00

a) Excludes engineering fee. See Table 2-29.
b) Equal to 5% ot other construction costs.
c) Equal to 10% of other construction costs.
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TABLE 2.27. TYPICAL MRF FLOOR AREA REQUI REMENTS BY
THROUGHPUT CAPACI TY (Sg. Ft.)®

Capacity (TPD)
Area Use 10 100 500

Tipping Floor b)

2 Day Capacity 3,000 7,500 30,000

3 Day Capacity 3.000 11.250 45,000
Processing 6,000 20,000 50,000
Storage c)

7 Day Capacity 8,750 35,000

14 Day Capacity 1,750 17,500

28 Day Capacity 3.500
TOTAL - Low 10.750 36,250 115,000
TOTAL - High 12500 48,750 130,000
TOTAL - Average 11,625 42.500 122.500
FT2/TPD - Low 1,075 363 230
FT2/TPD - High 1.250 488 260
FT2/TPD - Average 1,163 426 245

a) Except as noted.

b) Assumes a density of 300 Ib/cu yd, piled 12 feet high and a maneuvering factor
of 2.5 for 10 to 100 TPD and 2 for 300 to 500 TPD.

c) Assumes a processed material density of 800 Ib/cu yd and maneuvering factors equal
to those for the tipping floor.
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TABLE 2. 28.

ESTI MATED CONSTRUCTI ON COST RANGE BY THROUGHPUT

CAPACITY?®
Absolute Costs Unit Costs
Capacity Low cost High Cost Average Cost Low cost High Cost Average Cost
(TPD) (Total $) (Total $) (Total $) ($/TPD) ($/TPD) ($/TPD)
10 $295,625 $756,250 $511,500 $29,563 $75,625 $51,150
100 $996,875 $2,949,375 $1,870,000 $9,969 $29,494 $18,700
500 $3,162,500 $7,865,000 $5,390,000 $6,325 $15,730 $10,780

a) Costs based upon unit construction costs presented in Table 2-24 and floor area requirements shown in Table 2-25.
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TABLE 2. 29. TYPI CAL UNI T EQUI PMENT COSTS')
10 to 100 TPD 500TPD

Equlpment ltem Low High Average Low High Average
SORTING SYSTEM
Misc Conveyors $1,500 $2,500 $2,000 $1,500 $2,000 $1,750
Soit Conveyors $800 $1,200 $1,000 $800 $1,200 $1,000
Sort Platforms $1,000 $2,000 $1,500 $500 $1,000 $750
Tiommel Screens $200 $500 $350 $100 $300 $200
Magnet Separators $500 $1,000 $750 $300 $500 $400
PROCESSING SYSTEM
Balers b)

Paper $2,500 $3,500 $3,000 $1,500 $2,000 $1,750

PET (c) (c) (c) $8,000 $12.000 $10.000

Metals $40,000 $50,000 $45,000 $7.500 $10,000 $8,750
HOPE Granulators b) $45,000 $70,000 $57,500 $30,000 $45,000 $37,500
Glass Crushers b) $1,000 $2,500 $1,750 $1,000 $2,500 $1,750
ROLLING STOCK $2,000 $2,500 $2,250 $700 $1,000 $850

INSTALLATION

CONTINGENCY

10%

10%

10%

10%

10%

10%

8%

10%

8%

10%

8%

10%

a) Unit costs for conveyors and platforms expressed as $/ft length. All other costs as $/TPD
b) Unit cosls are expressed as $/TPD of capacily for each listed material.
c) PET baled using the paper baler.
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TABLE 2. 30.

ESTI MATED EQUI PMENT COST

BY THROUGHPUT

10 TPD 100 TPD 500 TPD
Equipment ltam Low High Average LOW High Average LOwW High Average

SORTING SYSTEM

Misc Conveyors $75,000 $125.000 $100,000 $300,000 $500,000 $400,000 $750,000 $1,000,000 $875,000
Sont Conveyors $32,000 $48,000 $40.000 $320,000 $480,000 $400,000 $800,000 $1,200,000 $1,000,000
Sort Platforms $40,000 $80,000 $60,000 $400,000 $800,000 $600,000 $500,000 $1,000,000 $750,000
Trommel Screens $2.000 $5,000 $3,500 $20,000 $50,000 $35.000 $50,000 $150,000 $100,000
MagneVEddy Seps $5.000 $10,000 $7.500 $50.000 $100,000 $75,000 $150,000 $250,000 $200,000
SORTING TOTAL $154,000 $266,000 5211,000 $1,090,000 $ 1.930.000 $1,510,000 $2.250.000 $3,600,000 $2,925,000
PROCESSING SYSTEM

Balers

Paper 516.748 $23,447 $20.097 $167,475 $234,465 $200,970 $502,425 $669,900 $586. 163

PET $0 $0 SO $0 $0 S0 $10,000 $15,000 $12,500

Metals 616.240 $20.300 $18.270 $162,400 $203.000 $182,700 $152.250 $203,000 $177.625
HDP& Granulalors $8,010 $12,460 $10.235 $80, 100 $124,600 $102.350 $267,000 $400,500 $333.753
Gilasa Crushers $ 1692 $4.230 $2.961 $16.920 $42,300 $29.610 $84.600 $211,500 $148,050
PROCESSING TOTAL $42.690 $60,437 $51,563 $426.895 $604,365 $515.630 $1,016,275 $1,499,900 $1,258,088
ROLLING STOCK $20,000 $25,000 $22,500 $200,000 $250,000 $225,000 $350,000 $500,000 $425,000
INSTALLATION $ 1S.669 $32,044 $26,256 $151.690 $202.749 $177.219 $261,302 $407,992 $334.647
CONTINGENCY $23.636 $38.628 $31.132 $166,858 $298.7 | | $242,705 $307.750 $600.789 $494,273
TOTAL EQUIPMENT COST $259,994 $424.908 $342.451 $2,055,443 $3,285,6826 $2,670.634 $4,265,335 $6,608,681 $5,437,008
UNIT COST ($/TPD) $25.999 $42.491 $34,245 $20,554 $32.858 $26,706 $8,531 $13.217 $10874
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10 TPD 100 TPD 500 TPD
Low Cost High Cost Average Cost Low Cost High Cosl Average Cost Low Cost High Cosl Average Cost
Cosl llem ($/TPD) ($/TPD) ($/TPD) ($/TPD) ($/TPD) ($/TPD) {$/TPD) ($/TPD) ($/TPD)
Conslruction $29,563 $75,625 $51,150 $9,969 $29,494 $18,700 $6,325 $15,730 $10.760
Equipment $25,999 $42.491 $34,245 $20,554 $32.856 $26,706 $8,531 513.217 $10.674
Engineoring $6.667 $14.174 $10,247 $3.052 $6,235 $4,541 $1.188 $2,316 $1,732
TOTAL $62,229 $132.290 $95,643 $33.575 $60,507 149.947 $16,044 $31.263 $23.386
10 TPD 100 TPD 500 TPD
Low Cost High Cost Average Cosl Low Cost High Coslt Average Coal Low Cosl High Cosl Average Cost
Cost llem {Total §) ({Total $) Total § (Told $) {Tolal 5) (Tolal Total § {Tolal S)
Conslruction $295.625 $756,250 $511,500 $996.875 $2,949.375 $1,670,000 $3,162,500 $7.865,000 $5,390,000
Equlpment $259,934 $424.308 $342.451 $2,055,443 $3,285,826 $2,670,634 S4.265.335 46,608,681 $5,437.008
Enginoering $66.674 $141.739 $102 474 $305.232 $623,520 5454.063 $594,227 $1,157,894 $866,161
TOTAL 5622,294 $1.322.897 $956425 $3357.550 $6.858.721 $4,994 698 $8,022,061 $15,631,576 $11.693,169




fee in order to provide a range of total capital costs for each
t hroughput capacity.

The ranges of total capital cost presented herein_are at the
upper end of the cost range for existing facilities. The reasons
for this phenonenon are as foll ows:

. many existing facilities do not have adequate floor area
for unprocessed and processed material storage;

. many existing facilities have been devel oped within
existing structures, thereby avoiding stringent new
bui | ding codes; and

. the inclusion of commngled mxed paper in the facility
designed for this docunment increases capital costs for
both sorting area and equipnent. Most  existing

facilities do not have this capability.

2.5.4 operating Costs

2.5.4.1 Labor Requirenents-- o

A range of |abor requirements based upon facility throughput
capacity is presented in Table 2.32. The data in the table show
that the greatest variability is associated wth the sorting

function. Sorting efficiency ﬁexpressed as man-hours/ton) is
hl%hly dependent upon each particular facility design. In general,
| abor requirenents for sorting per ton of material wll decrease

with increased capacity, due to the increased need for mechanica
separation equipnent such as classifiers and eddy -current
separators.

The nunber of sorters required al so depends upon the degree of

comm ngling of recyclable categories. A MRF which receives
separated material categories (e.g., clear glass versus color
mxed) wll require significantly fewer sorters than those

indicated in Table 2.32.

2.5.4.2 (Qperations and Mintenance--

Qperations and mai ntenance (O%M costs are presented in Tabl es
2.33 and 2.34 O the O&M cost elenents listed in the tables, the
costs that will vary the greatest include: (1) heating (which is
a strong function of geographical location and degree of
insulation): (2) maintenance (which is a function of type and
quality of the equipment as well as diligence of routine
mai nt enance); and (3) residue disposal.

Debt service has been included based upon an interest rate of
10% anortized over 20 years for facilities and seven years for
equi pnent . Taxes and depreciation have not been included in the
tables due to their dependence on plant |ocation and the tax
structure of each particular business and financial arrangenent.
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TABLE 2.32. TYPICAL Mrr LABOR REQUI REMENTS
Capacity (TPD)

10 100 500
Manager 1 1 1
Foreman/Operator 1 1-2 34
Sorters 1-2 13-25 6080
Maintenance O-l 1-2 4
Other a) 0 4-5 10-12
Administrative b) 0 1-2 23
TOTAL 3-6 2137 80-104
Manhours/TPD Low 24 17 1.3
Manhours/TPD High 4.8 3.0 1.7
Manhours/TPD Average 3.6 23 15

a) Includes rolling stock operators, equipment monitors and cleanup staff.
b) Includes scale monitors, bookkeepers and clerical staff.

Water & Sewage

70 GPO/Person

TABLE 2. 33. TYPICAL MRF UNI T OPERATI NG AND MAI NTENANCE
COSTS
Cost Hem Units $/Unit
LABOR
Sorters (a) $6.00/Hour
Other (@) $12.00/Hour
OVERHEAD b) 40% Labor
MAINTENANCE - $2.00/Ton (Low)
$2.50/Ton (High)
INSURANCE c) - $3.00/Ton (Low)
$4.00/Ton (High)
UTIUMES
Power 15 KWH/Ton (Low) 0.04 $/KWH (Low)
20 KWH/Ton (High) 0.07 $/KWH (High)

$2.00/1000 Gal

Heating d) 0MBTU/Ton (Low) $4.00 $/MBTU (Low)
0.05 MBTU(Ton (High) 88.00 $/MBTU (High)
FUEL 0.2 GalfTon $1.20/Gal

OUTSIDE SERVICES
& SUPPLIES

RESIDUE DISPOSAL

10% Operating Costs

0.1 Ton/Ton

$25.00 $/Ton (Low)
$100.00 $/Ton (High)

a) Varies based on number of employees per Ton. See Table 230
b) Includes Social Security. vacation and sick leave and insurance.

c) Includes workers’ compensation, property and liabilty.

d) Range of use based on climatic extremes.
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TABLE 2. 34.

ESTI MATED
CAPACI TY

ANNUAL

o&M COSTS BY THROUGHPUT

10 TPD 100 TPD 600 TPD
Equipinent Hem LOW High Avaraye Low High Average Low High Avarage

LABOR

Sorters $12.480 $24 960 $18.720 $162.240 $312,000 $237.120 $748.800 $996,400 $872.600
Ouies $49,920 $99.840 $74.800 $189.600 $299 520 $249,600 $499,200 $599,040 $540, 120
OVERHEAD a) $24,560 $49.920 137.440 $144,768 $244,608 $194.688 $499,200 $638 676 $569.088
MAINTENANCE $5.200 $6.500 $5.6850 $52.000 $65.000 $58,500 $260,000 $325,000 1202.500
INSURANCE b) $7,800 $10,400 so. 100 $76,000 $104,000 $91.000 $300,000 $520,000 $455,000
ulitimes

Power $1.560 $3.640 $2,600 $15,600 $236,400 $26,000 $78.000 $182.000 $130,000
Waler & Sewugye $36 $73 $55 $473 $910 $602 12.164 $2.912 $2 546
HHoullng ) SO $1.402 $701 so $14,018 $7,008 ) $70,060 135.040
FUEL $624 $624 $624 $6.240 $6.240 $6.240 131.200 $31,200 $31,.200
OUTSIDE SERVICES $10,258 $19.736 $14,997 $65,800 $108,269 $87,085 $250.858 $326,761 $293.810

& SUPPLIES
O & M SUBTOTAL $112838 $217.094 $164 066 $724.001 $1,190 563 $957.032 $2,759,442 $3.704.369 $3 231.606
OAM COST($/TPD) $43 40 $83 50 $83 45 $27.88 $45 81 $38 a4 $21.23 $28 50 $24 66
HESIDUE DISPOSAL $6,500 $26,000 $16.250 $65,000 $260,000 $162,500 $325 000 $§1.3w.m $812,500
LEBT SERVICE $93.749 $168 635 $139319 $560 258 $1.068,325 $6801.155 $1 204,745 $2,361,396 $2.180.044
TOTAL ANNUAL COST $213 047 $421.729 $320 536 $1350 159 $2.519 208 $1,021, 588 $4.369 147 $7.365 764 $6 224 749
ANNUAL COST{$/1P0) $41 96 $166 05 $123 28 $51 93 $u6 50 $73191 $33 64 $ 56 6 6 $47 au

a) includes Social Securily, vucation und sick lsave and lnsuiance
b} Includus woikers' cornpensation, property and liabilty

¢} Runye ot use basuvd on clitnatic exliemos



Consequently, the costs as presented may be considered appropriate
for a publicly owed and operated MRF

2.5.5 Sensitivity Of Capital And Qperating Costs

AstfreViOUSIy i ndi cated, the capital and operating costs

presented herein are based upon a recyclables stream which includes

m xed waste paper (MAP) and old corrugated containers (OCC). The

cost of sorting and MAP from newspaper is substantial. |If the
l'ist of recyclable materials is altered to eliminate MWP and OCC,

%hﬁlspecifications for a given MRF capacity would be reduced as
ol | ows:

total floor area and construction capital costs would be
reduced by 30%

. total sorting system costs would be reduced by 50% and

sorting labor effort and costs (including overhead) would
be reduced by 50%

The total inpact on annual costs (including debt service) would be
a reduction of over 30% when conpared to costs included in Table
2. 34.

2.6 PERFORVANCE GUARANTEES

Performance guarantees are established by the contractor, and
nornaluy become a part of the Agreenent. The contractor is
required to neet the guarantees presented throughout the course of
the operating period.

2.6.1 Facility Availability

A contractor m ght ?uarantee, for exanple, that the MRF and
its processing system would be capable of operating for 16 hrs per
day for 6 days per week, if necessary. Any exceptions to this
bl anket guarantee should be incorporated in the Agreenent.

2.6.2 Facility Capacity

~Quarantees on the capabilities of the processing system are
required. An exanple of specified coverage 1s as follows.

2.6.2.1 Paper Processing System -
A guaranteed rated capacity, TPD, for newspaper, corrugated
cardboard, office paper, and m xed paper woul d be established.

Also, a guaranteed naxi mum process residue per ton of paper
processed woul d be given. (Not e: t he process residue maxi muns

cannot be practicall'y guaranteed unless the collection systemis
properly nanaged.)
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2.6.2.2 Comm ngled Processing System - _ _

A guaranteed rated capacity, TPD, for commngled materia
(paper excluded) would be established. Also, a guaranteed maxinmm
process residue per ton of commngled material would be given

CQuarantees woul d be nade that naterial specifications would be
net. These specifications would include glass, alumnum ferrous
and plastics: specifications would be detailed in the Agreenent.

2.6.3 Environnental Cuarantee

The contractor would guarantee that all conmponents of the

facility would conply with all applicable federal and state
ordinances, rules and regulations, and any federal, state, or
?ounfy permts, |icenses, or approvals issued with respect to the
acility.

2.7 MARKETI NG

It is readily apparent to anyone in the recycling field that
stable markets for collected naterials are vital to any successful
program The recycling novenment has increased in popularity
throughout the United States; however, it has brought with it a
need to ensure that once materials are collected there will be a
mar ket for them Skeptics of any waste managenent practices
utilizing recycling will habitually ask the question," what happens
if you |l ose your narket?" (In fact, this is a very inportant
question; established secure markets are vital to any successfu
VRF operation.) This attitude also prevails in the political arena
where states or municipalities who are conmtted to recycling najor
portions of the solid waste stream are asking these same questions
"regarding the disposition of the recycled material.

An encouraging factor for the future of recycling is the rapid
rise in waste disposal costs over the |ast few years throughout the
country. This "avoi ded cost" situation has favorably altered the
econom cs of recycling; however, much of the industry will survive
onl If the revenue fromthe sale of recyclable materials is
sufficient. (I't should be noted that there is some indication of
declining costs for disposal in some areas of the country due to
source reduction, recycling, recession, etc. diverting waste from
landfills and incinerators, and creating "shortages of waste.")

2.7.1 NMarket Concerns for Recovered \Wastepaper

At the present tine, the waste paper market is one of the
recycling industry's primary concerns. Over the past year or two
the industry has blamed successful residential curbside collection
prograns for causing a glut in the nmarket place, and a subsequent
recession in the waste paper narkets.
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The waste paper nmarkets have experienced dramatic downturns in
the past; these downturns occurred in the early 70s and again in
the early 80s. Therefore, the industry has experienced ups and
downs |long before residential collection prograns were ever
i nstituted. (Governnent supported residential collection pro?rans
were essentially nonexistent in the 70s and early 80s.) Yet today
sone industry representatives are blamng | ocal governments for the
potential dem se of the waste paper business. However, nost |arge
city governnents have no choice but to devel op aggressive recycling
Prograns as a nmeans of reducing operational costs, extend |andfil

ife, and reduce the environnental hazards of landfilling.

Newsprint manufacturers are now receiving pressure fromtheir
custoners to use nore and nore recycled newsprint: this pressure
may result in
recycled fiber. In another paper arena, capacity is growng for
the use of old corrugated cardboard (OCC). The utilization of OCC
at the manufacturing mlls now exceeds a mllion tons per year
The trend for OCC use is positive: it has growm at a rate of
12 percent ?er_year over the past several years. I'n addition,
recycling of high-grade office paper has grown at a rate of 4
1/2 percent per year over the last 10 years. M xed paper narkets
show | ess pronmise: al so, decreases in packaging (source reduction)
may take away sone m xed paper narkets. A conpilation of waste
recovery figures for 1989 and 1990 is shown in Table 2.35.

It does appear that markets for recyclable Paper products are
adjusting to this supply increase that will allow nore and nore
citizens to participate in waste reduction. Markets in the United
States in the past have responded to the public demand for consumner

. products, and hopefully will respond to the public desire to reduce
waste and purchase recycled products.

2.7.2 Market Concerns for Recovered Steel Containers

A ready market exists for steel cans. Wien discussing the
recycling of steel cans, reference is nmade to two types of cans:
(1) the common tin can Stin plated) that is widely used for
foodstuffs, etc.: and (2) the binetallic can (steel can wth
alum num top) that is used for carbonated beverages. A nost
inmportant point to renenber is that steel scrap has been an
essential ingredient in steel nmaking for sonme tine. In fact, the
process is designed to utilize steel scrap, so that the market for
steel cans should continue to be dependable and very likely an
expandi ng one.

As is found with other secondary comodity materials, steel
can prices will vary according to market demand and geographic
region. Because of the world w de market denmand, prices for
established grades of iron and steel scrap are published regularly
in a nunber of national publications. For exanple, steel can
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TABLE 2.35. WASTE PAPER RECOVERY Fl GURES

1990 Waste Paper Data
(000 Short Tons)

Consumption at U.S.

Paper and Paperboard Total
Mills* Exports Collected
News 4,679.2 1,256.7 5,935.9
Corrugated 10,447.7 2,730.8 13,178.5
Mixed 2,491.9 1,146.3 3.638.2
High Grades 4.761.7 1,371.1 6,132.8
TOTAL 22,380.5 6,504.9 28,885.4

1989 Waste Paper Data
(000 Short Tons)

Consumption at U.S.

Paper and Paperboard Total
Mills* Exports Collected
News 4,138.1 1,281.1 5,419.2
Corrugated 9,993.5 2,918.8 12,912.3
Mixed 2,355.6 853.7 3,209.3
High Grades 4.455.1 1,253.4 5,708.5
TOTAL 20,942.3 6,307.0 27,249.3

* Includes consumption of molded pulp and other nonpaper uses.
(American Paper Institute)
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prices for baled railcar quantities are published in the scrap iron
and steel prices section of American Metal Market and in Iron Age.

Markets for all recycled materials including steel cans are
essentially regional in nature. The Steel Can Recycling Institute
(SCRI) maintains an up-to-date list of known purchasers throughout
the country for steel. o
expanded as’ new conmunity prograns cone on-line. It Is inportant
then to contact SCRI directly to get the nost current information
on scrap steel prices.

General |y speaking, the buyers in closest geographic proximty
to a coonmunity will be the nost | ogical purchasers of steel cans.
An exception to this general rule 1s the large national detinning
conpani es whi ch have their own transportation networks, and are
present@g working to establish regional buying networks for stee
cans. tablishment of this highly cost effective transportation
systemal |l ows conmunities to market their steel cans to plants that
are hundreds of mles away from them

Steel mlls are prime marketers for steel cans, but there are
other big potential markets including detinning conpanies. These
detinning conpani es have been working for a long tine in recycling
tin cans. (Drect purchases by steel mlls are |npactin% deti nning
econonm cs.) lron and steel foundries are also part of the nation's
steel -making infrastructure. They have not historically used a |ot
of steel cans, but the forecast indicates that this type of market
for recovering steel cans will be an active one in the years ahead.
Scrap processors and dealers are other potential narkets for steel
cans.  They have been supplying the industry with scrap material
for many years, and their role on scrap recycling and utilizing the
cans is one that looks as if it will increase in the future.

2.7.2.1 Steel MIls as Utinate Market for Steel Cans--

Steel mlls are the nmajor users for nobst steel cans: there are
more than 120 steel nills in the United States that have operating
furnaces. The steel-making process allows a certain anount of tin
in the scrap mix: also, mlls can conbine_steel can scrap with
other scrap sources to produce new steel. The steel industry has
been recycling scraP steel heavily through the sos; In Tact
approxi mately 100 billion pounds of ‘used steel were renelted each
year in the 80s.

Steel nills have essentially two types of furnaces: (1) the
basi ¢ oxygen furnace which utilizes approximately 20-30 percent
recycled steel scrap, and (2) the electric arc furnace which uses
nearly 100 percent scrap. As time goes on, steel cans are becom ng

nore and nore an essential part of the scrap nix.

In preparing steel cans for market, the nethod used wll
depend pretty nuch on the end market. For exanple, cans can be
shi pped | oose, shredded, or baled loosely or densely. Also, the
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end markets do not necessarily need to receive cans with |abels and
ends renoved: and steel nmills are ?enerally tol erant of small
levels of foreign matter. Paper Tabels and small anmounts of
Blastic_found on the tops of aerosol containers, for instance, are
urned in the extrenely high tenperatures of the furnace, so there
is really no need for concern for contamnation fromthis material.
Binetal cans, also do not require any special preparation for sale
to steel nmlls. They should be collected and processed mxed with
all other types of steel cans: in fact, the alumnum found on the
tops of steel beverage cans actually enhance the steel naking
process.

2.7.2.2 Detinning Conpanies as Utimate Mirket for Steel Cans--
In addition to the steel mills, detinners also purchase steel

cans directly. Most of them have sophisticated equipnent that
shreds the cans so that paper |abels and other mnor contam nants
are renoved prior to detinning. Through various processes,

detinners renove the tin from steel products containing steel.
Then they sell the detinned steel to steel nmills and foundries, and
the recovered tin to its appropriate markets. Each steel can
purchaser whether it be a steel conpany, a foundry, a detinning
conpany, or whatever, has its own specifications for postconsumer
steel cans. I n each category, the steel can scrap may include
alum num lids, but generally excludes nonmetallics or other
nonferrous netals, except those used in can construction

2.7.3 NMarket Concerns for Recovered {d ass

There are a nunber of ways glass bottles can be reused. They
can be ingredients in the nmaking of fiber glass and reflective
beadi ng; they have al so been used to help control beach front
erosion and as a substitute for stone in the making of roadway
"glasphalt.” However, the nost |ogical nmarket for used gl ass
containers is a glass plant simlar to the one where they were
manuf actured. At a glass plant they can be nelted down and renade
as new bottles and jars in a true exanple of closed-|oop recycling.

Near | all plants purchase glass from the general public;
therefore, for any beginning recycling project a glass plant is the
i deal spot to sell bottles and jars. or those who are not near a
glass plant, a call to one of the many intermediate glass brokers
woul d be in order. Wien contacting the plant or broker, it is
advisable to determne the hours of operation, prices paid, and any
particular quality requirenents. Most plants w il provide a

speci fication sheet upon request.

If a recycler has substantial tonnage of cullet (broken gl ass)
to sell, he may be referred to the conpany recycling director to
make special arrangenents. An investigation of the market will
show that gl ass recycling speci fications are rat her
strai ght forward. It is nost inportant that the naterial be color
sorted and contam nant free. he question then mght arise, what
is color sorted? For exanple, would a load of green glass be
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rejected if it has one amber container? Aso, just what are the
contam nants that are of concern

Color sorting is truly essential to the operation of a glass
plant; because It is npbst inportant to assure
manuf actured containers match the color specifications required by
the customer. For exanple, if too nmuch amber glass is put into a
clear flint batch, it can result in off-color bottles.  Further
m xed color cullet can cause chem cal conposition problens: it can
interfere wth the redness ratio which controls light transm ssion
through a container. Wth |arge amounts of contam nants, reactions
bet ween the reducing and oxidizing agents found in brown and green
glass can create foaming in a nelting furnace. Nevertheless, sone
markets do exist for mxed color cullet, especially in the fiber
glass industry. However, those markets are neither as stable nor
as lucrative as those for color sorted glass. Cccasionally one
hears talk of an "ecology" bottle: it is nade entirely from m xed
color cullet, but such a container finds few buyers in today's
mar ket pl ace.

There is some tolerance in color separation: and
specifications will vary fromplant to plant. However, In genera
to process glass into furnace-ready cullet so that it can be used
directly in the manufacture of new gl ass containers (bear in m nd
that these guidelines are not necessarily acceptable for al
consumers):

- only container glass is acceptable:

-« glass nust be separated by color into flint (clear), anber
(brown), and green;

« in flint glass, only 5 percent of the total l|load can be
colors other than flint; in anber glass 10 percent; and in
green glass up to 20 percent;

- glass nust be free of any refractory materials; it wll be
rejected if there is nore than a trivial amount of ceramc
material; and

- glass nust be free of metallic fragnents and objects, dirt,
excessive amounts of paper, or large anounts of excessively
decorated gl ass.

As previously stated, there is an excellent market for
contam nant free cullet; however, practically no market exists for
contamnated cullet. Some of the contam nants that nost effect a
gl ass plant operation are netal caps and |lids, ceramcs, stones,
and dirt. In the naking of new glass containers, silica sand, soda
ash, and linestone are the primary raw ingredients. Cullet can be
added to this mixture, which is then heated to approximtely
2600° F. At this tenperature the batch mxture is turned into a
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fiery nolten state that can be forned into bottles and jars;
however, netals, ceramics, and stones do not nelt. [Instead, they
remain intact and can damage the glass nelting furnace, or appear
in the new containers that are being made. Ceramcs are especially
bad because they may breakup into countless fragments; and, they
are not usual l found until they show up in the newy nade
cont ai ners. These inperfections would normally be caught by
I nspection before they | eave the plant; however, at this point they
have already created a najor manufacturing problem

Anot her source of contamnation is the ceramc and wre caps
that are found on sone beer and w ne bottles. Since the caps
remain attached to the neck of the bottle, they often end up in the
recycling bin, and, subsequently at the glass plant. Mst of the
nation's glass plants have beneficiation units on site, or nearby,
that will remove metal contaminants, as well as plastic and paper
| abel s. However, these units won't detect ceramcs or stones.
Thus, a solution to this potential problem nust depend on careful
processi ng by the supplier of the cullet. Al t hough paper and

| astic | abels do not need to be renoved, the bottles should be

ightly rinsed. As a rule of thumb, a bottle clean enough to be
stored in a home while awaiting collection should be cl ean enough
to be recycl ed. On another note, it is well to be aware that
container glass is what the glass plants need and want. Heat
resistant glass, along with w ndshields, w ndows, and crystal,
shoul d never be mxed with bottles and jars as their ingredients
are different, and the glass plants do not want them

d ass plants do not require that glass bottles and jars be
crushed by recyclers. The nmain reason tor crushing by a recycler
is to mnimze volunme for ease in handling and transportation.
Therefore, the question might arise as to whether a begi nning
recycler should invest in a glass crusher. The answer woul d depend
on factors such as the volume expected, the type of transportation
to be utilized, and the distance to the nmarket. Usually if glass
Is to be shipped as bulk in dunmp trucks, it is not necessary to
crush the gl ass. Many recgclers ship glass in "gaylord" boxes;
t hese boxes can hold as nmuch as a ton of cullet, and are desi gned
for a fork lift operation. However, for high volume users, it is
usual 'y advisable to ship by dunp truck, or even by rail

The future of the glass cullet market |ooks prom sing. At
present, usage is estimated to be 25 to 30 percent; however, the
I ndustry has announced an overall goal of 50 percent cullet usage,
and has setup glass recycling prograns over nuch of the United
States. Many plants could increase their cullet consunption to the
70 to 75 percent range, if there were adequate supplies of cullet.
For the foreseeable future, cullet prices should remain relatively

st abl e. The price of cullet reflects the avoided cost of raw
materials, and the energy savings for the |ower nelting tenperature
of used gl ass. Unlike aluminum glass cullet is not actively

traded on the world nmarkets; so, does not fluctuate due to
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i nternational demand or curr ency rﬁ%es. Perhaps the biggest
question is, can recyclers provide the quantity of quality color
sorted glass that the plants need? Cur bsi de prograns that

conmmingle material are bound to produce sone glass resjdue that can
not be color sorted. d ass container planfs Wl be unable to

accept this residue and alternative markets nust be pursued.

2.7.4 MNarket Concerns for Recovered Al um num

The recycling in the United States of alum num used beverage

cans (UBcs) confinues to increase.  This trend is shown in
Table 2.36, where the 1990 recycllng rate is listed as
63. 6 percent. Further, this translates to a recycling of 54.9

billion cans, wth the recovery of some 1.93 billion pounds of
al umnum  As shown in Table 2.36, alum num UBC recycllng has been
increasing dramatically for several years, especially during the
1980s.

TABLE 2.36. U . S. ALUM NUM UBC RECYCLI NG RATES

Year Million Lbs. Billion Cans Recycling %
1972 53 1.2 15.4
1980 609 14.8 37.3
1985 1,245 33.1 51.0
1989 1,688 49 .4 60.8
1990 1,934 54.9 63.6
Calculation for 1991 rate:
UBC scrap (billion 1bs.) 1.934
Average number of cans/lb. 28.43
Total cans recycled (billions) 54.984
Total new cans shipped (billions) 86.513
Recycling rate 63.6

(Aluminum Assn., Can Manufacturers Institute, Institute
of Scrap Recycling Industries)

Most of this recovered al um num has gone directly back into
new cans, because it is possible to nake an al um numcan entirely
of recycled netal. Typically, an alum num can body is nade from
used al um num beverage cans and can manufacturing scrap. However
primary alumnum (fromthe ore) is needed as the total vol une
demand consi derably exceeds the supply of recycled nmetal. Al um num
can ends are typically made fromalloyed prinmary al um num and end
manuf acturing scrap. Therefore, it iS possible to have a finished
al um num can and end that cone alnost entirely fromrecycled
sour ces. It is likely, however, that the newly manufactured
alumnum can will be produced froma mxture of recycled al um num
can manufacturing scrap and primary alum num 7n percentages
dictated by conpany needs, production schedules ‘and narket
economi cs at the tine.
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A point to remenber, however, is that every alum num can that
is recycled can go into a new can. This situation assures a never
ending market for a container that does have the best recycling
record in the beverage industry. Further, al um num produced by
recycling requires 95 percent |ess energy than that needed to nake
it fromthe ore. This contributes to a scrap val ue that nakes
recycling possible wthout any kind of corporate subsidy or
government assistance. No other beverage container material has
the capability, as does alumnum to pay the public a sufficient
anount of noney to notivate themto recycle. The value is there,
the market is there; alumnum can recycling will work.

All major beer brands and nost soft drinks are sold in
al um num cans; about 95 percent of today's beverage cans are
alumnum In addition, nost cans are clearly |abeled as recyclable
alumnum  However, this can be verified by placing a nagnet on the
side of the can (will not stick to alumnun). Al um num cans nust
be clean and dry for recycling, or nost recycling centers wll
deduct 10 percent fromthe purchase price for ‘dirty or wet
containers. Further, it is well to remenber to keep the collected
cans In a secure place, indoors if possible. Used cans are
val uabl e, and should not be transported in a vehicle open to w nd
and weat her .
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SECTION 3
CENERAL MRF CONCERNS
3.1 SITING AND PERM TTI NG CONCERNS

Several criteria need to be considered when |locating a MRF.

First of all, it is desirable that the MRF be near the collection
area, since mninmzation of travel distances is quite inmportant to
the successful operation of a MRF. In addition to proximty to the

collection routes, access to mgjor haul routes is also inportant.

Access roads nust be able to handl e heavy truck traffic: also,

truck routes should be designed to mnimze the inpact of vehicular
traffic on surrounding nei ghborhoods. Aside fromthe routing
I ssues, the land on which the MRF is to be built nust be zoned for
i ndustrial purposes, and the area used should provide satisfactory
isolation. Further, it is nmost inportant when siting a facility to
i nvol ve the neighborhood, and secure community acceptance. Thi's
Is, in many cases, the nmost difficult task in the siting procedure

O interest is the fact that sone communities have had good success
in using closed landfill sites as sites for new MRFs.

In the past, the decision-making process for situations
concerning munici pal solid waste nanagement was nornally
centralized in the hands of a few key governnental personnel
-However, over the last 20 years or so, nongovernmental interests
have becone nore involved in |ocal decision-naking: and, citizens
have denonstrated that they will not accept "behind the scenes”
deci sions on solid waste nanagenent. Therefore, the manner in
which the siting process is carried out for a MRF can have a
significant effect on public acceptance of the overall project by
the public. Not only can a cl osed-door, decision-making process
waste tinme and resources, it can jeopardize the credibility of the
prof essional planners. Further, if the trust and confidence of the
public is lost, it is nearly inpossible to recover.

The siting process nornally consists of three rel ated phases:
planning, site selection and tacility design, and inplenentation.
Any of these stages of the siting process nmay be subjected to
i ntense public coment and debate. A review of ‘the major steps in
faciliay siting (EPA/530-SW~-90-019) show that inportant decisions
are made very early in the planning phase for a solid waste

managenent facility (Figure 3-1).

For example, early in the planning phase, choices nust be nade
to determne a waste nanagement strategy, and whether a MRF is the
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Planning

Recognizing the growing waste stream, rising

costs, and capacity shortfall.

ldentif ying the Problem

Designing the Siting Strategy
activities.
Researching, debating, and choosing among the

Assessing Alternatives

Choosing Site Feasibility Criteria
characteristics.

Planning and integrating public involvement,
risk communication, mitigation, and evaluation

options: recycling, source reduction, incineration,
and land disposal.

Studying population densities, hydro-
geological conditions, and socioeconomic

sell: Site Selection an
designation; acquiring land; conducting permit

Performing initial site screening and

developing environmental

« Selecting the Site
impact statements

procedures;

Choosing technologies, dimensions, safety
mitigation plans,
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Designing the Facility
characteristics, restrictions,
compensation arrangements, and construction
Phase lll: Implementation:

Operation Monitoring incoming waste; managing waste
disposal; performing visual and lab testing;
controlling noise, litter, and odor.

Management Monitoring operations and safety features;
performing random testing of waste; enforcing
permit conditions.

Closure and Future Land Uses Closing and securing the facility; deciding on
future land uses; and performing continued
monitoring.



facility that is really needed. Later, after a decision has been
made to site a MRF, a mmjor issue remains as to its location. The
criteria that are assessed to determne suitability for a potenti al
site I ncl ude hydr ogeol ogi cal condi tions, soci oeconomi C
characteristics, and population densities. Regardless of where the
MRF is |ocated, the burden of the facility will be placed on the
pe%PIe living nearby: thus, exposing themto nore noise, traffic,
and pollution than the overall popul ation being served by the
facility. Sonmetimes these constituencies are rural or inpoverished
people who tend to be poorly represented in the traditional
deci si on-making process. Nevertheless, these people can gain the
support of a large coalition fromwthin or outside the community
in response to potential inequities or other political issues.

In selecting a site for a MRF, sone citizens wll alnost
certainly question the validity of any technical work carried out.
Also, the involved community will be concerned about negative

effects on property values, safety, air quality, noise, and litter
or about broader issues such as the inmpact on comunity prestige.
Sone citizens may argue for conpensation arrangenents, or other
fornms of guarantees against negative inpacts. so, it is nornal
for public opposition to increase as site selection tine
appr oaches. Finally, before a site is selected, the overal
proj ect nmust be approved by state agencies that are often
responsive to political pressure from comunity groups.

The public concerns are usually associated with safety features
of the facility. Goundwater contamnation and air pollution are
by far the issues nost frequently requiring attention, although

noise, litter, and traffic issues also appear. The operator’s
credentials and past record are also inportant concerns during site
-selection or facility design. O her points of contention may

include the types of wastes allowed at the site, and whether the
site should be restricted to [ocal haul ers.

Qperation and managenent plans for a MRF often are inportant to
t he general public. Demands are sonmetimes mnade for strict
nmonitoring and enforcenent activities to ensure conpliance by
haul ers and operators. These demands nay include |ocal supervision
of the facility, along wth state agencies' support of the |ocal
enforcement efforts. These actions may include revoking disposa
pernmts, testing wastes, and nonitoring air and groundwater. It is
also inportant to note that no siting proposal is conplete wthout
pl anning for closure and future |and use. Local citizenry wll
often argue how the |and should be used after closure, or how
groundwat er nonitoring should be maintained.

I ssues and chal | enges facing public officials and citizens have

changed over the last two decades. It is reasonable to expect that
new | ssues and new challenges will energe in the com ng years.
There is no set of procedural steps that wll guarantee a
successful  siting process. Public officials from different
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comunities nust tailer their siting strategy to their own
particul ar needs and issues. The follow ng guidelines sunmarize

the nost inportant points nade in this discussion:

. accept the public as a legitimte partner

. listen to the concerns of the different interests and groups
in the comunity;
plan a siting process that permts full consideration of
policy alternatives; o
set goals and objectives for public involvenent and risk
communi cation activities in each step of the process; _
create nechanisns for involving the public early in
deci si on- maki ng process:
provide risk information that the public needs to make
I nformed deci si ons:
bedprepared to mtigate negative inpacts on the comunity;
an
eval uate the effectiveness of public involvenment and risk
communi cation activities.

Al though these eight guidelines are not all-enconpassing, each
is inportant in defining an effective siting process. The
gui del ines are specific enough to lend structure to a nultitude of
pl anning activities, but they do not substitute for the good
j udgement of project |eaders and other interested parties.

3.2 CONTRACTI NG | SSUES

Unlike air and water pollution control which has been largely
regul ated at the state and federal levels, solid waste disposal has
traditionally been the responsibility of local governnments
(al though now regulated, to a degree, at both state and federal
| evel s). However, the design, construction and operation of a MF
is nore like a general business enterprise than are the nore
traditional municipal functions, such as public health and safety,
social services, etc. Nevertheless, there are now a grow ng nunber
of private/public partnerships in the MRF industry that illustrate
the utilization of the resources and capabilities of a public
agency, While enjoying the greater flexibility and efficiency
associated with private sector operations.

Wien a |ocal governnent undertakes establishing a MRF as a neans
of reducing the solid waste disposal stream it nust first assess
its own capabilities and then define the role of any prospective
private partner. Conversely, however, it may be in the interest of
a private developer to attenpt to interest a public agency in such
an endeavor. I'n any event, pronoters of any kind of recyclin
initiatives often ave to abide by public procurenent an
Fontracting procedures that have been dictated by state and | ocal

aw.
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3.2.1 Contractual Arrangenents

Before entering into any type of MRF contractual arrangenent,
t he sponsor of such a program nust address certain issues: (1)
what recyclable naterials are actually present in the waste stream
and their quantities: (2) is the processing facility going to be
directed toward centralized mechani cal processing or nore toward
source separation; and (3) what is the relationship with the
markets, and the quantity and quality of recovered materials that
can be sol d.

A successful recycling project will often involve sone form of
joint venture between a public agency and a private contractor
Among the MRFs which are currently operational, approximtely 65
percent are owned by private firnms Wwth the remaining facilities
owned by the public or not-for-profit sectors (GAA 1990).
However, = with regard to the planned facilities, the ownership
pi cture changes substantially; 62 percent of the planned facilities
will be publicly owed, with the private sector decreasing its
share to 38 percent of the projects. However, despite this trend
toward public ownership and financing, private firnms will continue
to operate nost of these facilities. Private enterprises operate
83 percent of the existing projects, and about the sanme (79
percent) of planned installations (GAA, 1990). A nore recent
survey (Biocycle, 1991) showed a reversal in this trend wth about
73 percent of all operating facilities being privately owned, wth
82 percent being privately operated.

A formal procurenent aimed at establishing a MRF can involve:
(1) either a two-step process, where responses to a request for
qualifications (RFQ are evaluated to establish a short |ist of
qualified contractors who are eligible to respond to a request for
proposal (RFP), or (2) a combined RFQ RFP under which each firm
maki ng a proposal has to establish its qualifications in the course
of extending its offer. Wether contractors are screened first in
an RFQ or as part of an RFP, the inportance of selecting a
qualified party can not be overenphasized. There is no substitute
for a contractor having the appropriate skills, experience, and
t echni cal and financial resources to inplenent a project
effectively. In order to give an idea of the scope of an RFP, a
sanpl e Table of Contents for an RFP is shown in Table 3.1.

The RFP shoul d present as much background information as
possi bl e concerning the Project; any contractor before submtting
a response to an RFP will want to know that the %roposed facility
has a good chance of being financed and built. he background
section of the RFP should include a discussion of a nunber of
t opi cs. For exanple, the RFP shoul d address the denographic and
economi ¢ characteristics of the area, legal authority of the
procuring agency, the type of guarantee with regard to the waste
supply, Information concerning any private recycling prograns that
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TABLE 3.1. SAMPLE TABLE OF CONTENTS FOR AN RFP
(TO RECEIVE, PROCESS, AND MARKET
HOUSEHOLD RECYCLABLE MATERIALS)

CONTENTS

1 General Information

1.1 Introduction
1.2 Plan Implementation
1.3  Overall Program Timing

2 Project Overview

Introduction

Recycling Implementation Plan

Procurement of MRF Services

Recyclable Materials Collection and Delivery
Recyclable Materials Quality

Recyclable Materials Quantities

General Requirements

NNNNDNDDNDN
~No o hhwN P

3 Technical Requirements

Facility Requirements

Operations Requirements

Environmental Performance Standards

MRF Public Education Facility Requirements
Proposer Technical Experience and Qualifications

wWwwww
O WNPE

4 Service Requirements and Business Arrangements

4.1 General

4.2  Service Requirements for Facility Siting, Permitting,
Design, and Construction

4.3 Service Requirements for Facility Operations

4.4  Option to Provide Services to Private Customers

4.5 Term of Service

4.6 Performance Guarantees and Assurances

4.7 Financing

4.8 Performance Bonds and Proposal Security

4.9 Payment for Services

4_.10 Business Proposal

4.11 Default and Remedies

4.12 Insurance Requirements

4.13 Other Requirements

4.14 Minimum Financial Qualifications

4.15 City Policy Compliance

(continued)
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TABLE 3.1. (continued)

5 Proposal Requirements and Evaluation

Executive Summary

Qualifications of Proposer and Project Organization
Technical Proposal

Business Proposal

City Policy Compliance

Proposal Evaluation Criteria

o1 0101 O1 01 01
oghwNE

APPENDICES

Appendix A Historical Daily Tonnages (FY 1987-88)
Appendix B Technical and Business Proposal Forms
Appendix C City Policy and Compliance Attachments
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are taking place in this area, and what sort of public support and
regulatory requirements are to be expected.

Next, the RFP should detail the respective responsibilities of
the procuring agency and the contractor. Nornally the municipality
woul d be involved 1n furnishing the facility site, and providin
informati on necessary for securing any types of environnmenta
permts for construction and operation of the facility. The
muni ci pality woul d al so usually be responsible for delivering, or
having delivered, the recyclable material to the facility.  The
muni cl pality probably would al so be in a position of exercising
| egal control over the disposal of waste materials fromthe MF
Further, a typical RFP will nornally assign to the contractor any
risks and responsibilities involved in devel oping the project.
These responsibilities can include design and construction, and
furnishing of the labor, supplies, materials, equipnment, services,
and technol ogy necessary to conplete the facility in accordance
with product specifications.

~The RFP should contain a section dealing with the criteria under
whi ch the proposals wll be eval uat ed. Points that are nornal
covered in the criteria include the foll ow ng: (1) technica
feasibility of the facility design; (2) Prior experience with this
design, and whether or not simlar facilities have been operated
el sewhere: (3) qualifications of the personnel assigned to the
project; (4) efficiency and reliability of the proposed system
with special attention to the subjects of safety and environnmental
protection: %5 credit rating and financial stability of the
proposing party: and (6) net revenue or net cost that would be
I mposed on the procuring agency.

Al though the RFP and the resultant proposal tend to be |engthy,
conpl ex documents, the end result is an offer by the proposer to
the public agency to perform certain work for a specified price
under terns and conditions established in the RFP. (A sanple
proposal Table of Contents is shown in Table 3.2.) Further, it is
certain that an effective public/private sector partnership depends
on a clear understanding by each party of its respective rights and
obl i gations.

3.2.2 Flow Control

Muni cipalities are now being forced to resort to waste disposal
met hods other than landfilling. This has come about largely due to
the shortage of landfill capacity in the United States. Recycling,
cornposting, and other types of approaches to municipal waste stream
managenment are being explored extensively. Wwen considering a MRF
it is essential that the municipality be able to guarantee delivery
of consistent amounts of solid waste. This can be acconplished by
a municipality only if it can control the waste streanms wthin its

3-8



TABLE 3.2. SAMPLE TABLE OF CONTENTS FOR A PROPOSAL

SAMPLE ELEMENTS OF A PROPOSAL

PROPOSER QUALIFICATIONS, TECHNICAL PROPOSAL
BUSINESS PROPOSAL, CITY POLICY COMPLIANCE
CONTENTS
Section I1--Proposer Qualifications
1.0 Introduction
1.1 Project Team Experience

1.1.1 Design and Technical Qualifications
1.1.2 Reference Facility

1.2 Project Team Organization
2.1 Organizational Chart
2 Design/Equip Team

3 Operations Management
4 Project Team Staffing

1.
1.2.
1.2.
1.2.

1.3 Local Employment Opportunities, Local Business Involvement

1.4 Financial Qualifications

1.5 Personnel and Facility Management

1.6 Marketing Management

1.7 Technical Ability

Section Il1--Technical Proposal

2.0 Introduction

2.1 Location

2.2 General Design

2.2.1 Building Description

(continued)
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TABLE 3.2. (continued)

1 Architecture

2 Building Description

.3 Public Education Facility Description

4 Building Structures, Utilities, and Details

2.2.2 Tipping Hall

2.2.3 Commingled Recyclables Line

2.2.4 Breakage Minimization and Broken Glass Recovery
2.2.5 Paper Processing Line

2.2.6 Material Stockpiling and Storage

2.3 Operating Plan

Facility Scheduling

Throughput Capacity

Materials Receipt

Materials Inspection and Quality Control
Residue Removal

Process Residue Allowance
Unacceptable/Hazardous Waste Procedures
Records and Reports

Secondary Materials Marketing Schedule

NRODNONNNNN NN
WWWWWwWwwww
Co~NoUubhwnN P

2.4 Maintenance Plan

2.4.1 General Maintenance
2.4.2 Site Maintenance--"Good Neighbor Provision"
2.4.3 Equipment Maintenance

2.5 Onsite Traffic Handling

2.5.1 Municipal Collection Vehicles
2.5.2 Transfer Trailers
2.5.3 Employee and Visitor Vehicles

2.6 Personnel

2.6.1 MRF Staff

2.6.2 Job Descriptions

2.6.3 Employee Training

2.6.4 Health and Safety Plan

2.6.5 Job Partnership Training Act (JPTA)
2.6.6 Contract Labor

(continued)
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TABLE 3.2. (continued>

2.7 Permitting Plan

2.8 Utilities

2.9 Other Facility Users

2.10 Multiple Proposals/Combined Facilities

2.11 Environmental Impact Assessment

2.12 Process Flow Diagram

2.13 Process Control and Instrumentation

2.14 Process Mass Balance

2.15 Process Energy and Water Balance

2.16 Availability Analysis

6.1 System Availability

6.2 Rugged Engineering

6.3 Built-in Surge Capacity

6.4 Contingency Sorting and Processing Strategies

2.17 System Capacity
2.17.1 Expanding Minimum Design Capacity--Mixed Recyclables
2.17.2 Expanding Minimum Design Capacity--Paper Line
2.17.3 Expanding Minimum Design Capacity--Z Shift Operation

2.18 Product Specification:
Glass, Aluminum, Tin, PET, HDPE

2.19 Materials Marketing:

Aluminum, PET, HDPE, Tin, Glass, Mixed Cullet, Newspaper,
Letters of Intent

Facility Drawings and Schedules

Site Plan Layout

General Arrangement

Facility Cross Section
Electrical Single-Line Diagram
Schedule

(continued)
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TABLE 3.2.  (continued)

Technical Proposal Forms
B-2 Technical Description of Site/Facility/Equipment
B-11 Performance Guarantees
B-12 Performance Assurances
B-13 Product Specifications
Section |llI--Business Proposal
Proposal Forms
Section 1V--City Policy Compliance
4.0 Contractor"s Past Record
4.1 Construction Phase Compliance
4.2 Local Employment Opportunities
4_3 Operations Phase Compliance
4_4 Non-Profit Organization Involvement
Appendices

Appendix A: Resumes of Key Project Team Members
Appendix B: Throughput Verification and Material Storage Calculations

List of Tables

Table 1: Contractor®s Recycling Facilities
Table 2: Project Organization Chart

Table 3: Operations Staffing Chart

Table 4: Facility Throughput Capacities

Table 5: Processed Material Loadout Chart
Table 6: Facility Staffing

Table 7: Potential Future Recyclable Materials
Table 8: Revenue Projections
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boundaries. It is normal practice, however, that a nunicipality in
controlling the MSWstreamwthin its boundaries controls both the
di sposal site of the waste and the price paid for disposal

Miuni cipalities typically exercise control over waste flow by
passing legislation that requires haulers to transport the solid
waste they have collected to a disposal site that is determ ned br
the municipality. The haulers pay a tipping fee at the disposa
site: the fee is established by the municipality. However ,
conpetitive concerns may be raised because this |egislation, passed
by the nunicipality, mght allow the nunicipality to essentially
control the entire narket for solid waste disposal. Accordingly,
activities of this type could cone wthin the jurisdiction of the
federal antitrust |aws. State and |ocal governnents, sinply
because they are governmental entities, are not automatically
exenpt from federal antitrust laws. In addition, private parties
that contract with such governnental entities for waste disposa
services are also potentially liable under federal antitrust |aws.

Now while state governments may be exenpt, nunicipal governnments
do not necessarily receive a blanket exenption because they have
only del egated, not sovereign power. However, the United States
Supreme Court has ruled that nunicipalities qualify for the state
action exenption so long as their anticonpetitive behavior is
undertaken pursuant to a clearly articulated state policy.
Further, protection from antitrust damage liability is also
avai | abl e under the Local Governnent Antitrust Act of 1984, which
prohi bits damage actions against |ocal government officials and
enpl oyees acting in an official capacity as well as private persons
acting at government direction.

Once it has been determned that it is legal to control the
waste stream the next step is to determne how this control is to
be exercised. A municipality does have a variety of options wth
regard to controlling the waste stream First, control can be
exercised nerely by requiring its drivers to haul the waste to a
specific site. Second, the nunicipality mght have a contract with
t he haul ers which woul d authorize themto haul the waste to a
specific site. O thirdly, the nunicipality could authorize
Brivate collection by allowing a direct contractual arrangenent

etween the residents and the private haul ers.

Anot her area where the municipality nust retain control is the
cost of disposal. The nmunicipality would typically devel op an
annual rate setting procedure based on estimated cost of the
di sposal system and estimted revenues fromthe system This rate
determ nation procedure would nornally be adm nistered by an agency
that has been given the authority to nmanage the solid waste system

Waste flow control to a MRF is necessary not only for financia
reasons, but in order for the systemto operate efficiently. A MF
woul d be devel oped to handl e a specific |level of throughput. If
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that level of waste is not available, costly downtinme results for
the facility. An insufficient amount of waste also woul d increase
the cost per ton of waste handled, and would have a detrinental
effect on equi pnent nmaintenance schedules. It is clear that
muni ci pal control over the waste stream is essential to an
efficient waste disposal systemand the |lack of control can lead to
uni ntended consequences. If waste flow control and proper
admnistration is carried out, then the municipality will better be
able to ensure that its waste disposal system can operate as

anti ci pat ed.
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APPENDI X A
d ossary
(Definitions drawn Princi pally from

ASTM Speci al Technical Publication 832,
H. I. Hollander, ed.)
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Accept ance testing

Aggregat e

Alr classification

Alr classifier

Alr knife

Angl e of repose

ANS|

APC

Li st

of Descriptions

Testing of process equipment and
the overall processing system

A granular naterial of mnera
conposition such as sand, gravel
shell, slag, or crushed stone used
with a cenenting mediumto form
nortars or concrete, or alone as in
b?se courses, railroad ballasts,
etc.

A process in which a streamof air
Is used to separate m xed materi al
according to the size, density, and
aerodynam c¢ drag of the pieces.

A mechani cal device using air
currents to separate solid
conponents into "light-fraction" or
"heavy~fraction."

Paper or paperboard is air dry when
its moisture content is in
equilibrium with atnospheric
conditions to which it is exposed.
According to trade customair dry
pul ps are assuned to contain 10%
moi sture, and are sold on this
basi s

Jargon for a blower device intended
to separate steel cans from nore
massive pi eces or iron and steel.

The maxi mum acute angle that the
inclined surface of a pile of

| oosely divided naterial naturally
makes with the horizontal.

American National Standards
Institute.

Air Pollution Control.
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Apron conveyor

Ash

Bal er

Bal | istic separator

Baffl e

Bond paper

Bridge crane

Briquetter

Br oker

A set of continuous chains that are
supported and noved by a system of
sprockets and rollers while
carrying overlapping or

i nterlocking plates upon which bul k
materials are noved.

The inert residue that remains
after a solid waste and fuel
m xture has been incinerated.

A machine used to conpress
recyclables into bundles to reduce
vol ure. Balers are often used on
newspaper, plastics, and corrugated
car dboar d.

A device that drops mxed materials
having different physica
characteristics onto a high-speed
rotary inpeller; they are hurled
off at different velocities and
land in separate bins.

A construction used to close or
defl ect the delivery of a noving
subst ance.

Term originally nmeant paper used
for printing bonds and stocks, now
generally refers to high grade
papers used for letters and high
quality printed work. It iIs
surface-sized for better witing
and printing quality.

A lifting unit that can maneuver
horizontally in two directions.

A machi ne that conpresses a
material, such as netal turnings,
coal dust, or RDF (refuse derived
fuel), into objects, usually shaped
like a pill, pellet, or pillow

An individual or group of
individuals that acts as an agent
or intermediary between the sellers
and buyers of recyclable naterials.
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Buf fer zone Neutral area which acts as a
protective barrier separating two
conflicting forces. An area which
acts to mnimze the inpact of
pol lutants on the environment or
public wel fare. For exanple, a
buffer zone is established between
a cornposting facility and
nei ghboring residents to mnimze
odor problens.

Bul k density The weight in air of a volume of
material including voids normal to
the material.

Bul ky waste Large itenms of refuse including,
but not limted to, appliances,
furniture: large auto parts:
nonhazar dous construction and
denolition materials: and trees,
branches, and stunps which cannot
be handled by normal solid waste
processing, collection, and
di sposal net hods.

Buy- back center A facility where individuals bring
recyclables i n exchange for
paynent .

By- product s Materials which result from

operation of a facility and which
cannot be conposted; but which can,
wi thin reason, be recycled,

mar ket ed, processed, or otherw se
utilized.

Capacity factor The ratio of the average |oad on a
machi ne or equipnent for the period
of time considered, to the capacity
rating of the machine or equipnent.

d anshel | bucket A vessel used with a hoist to
convey materials: it has two jaws
that clanp together when the vessel
is lifted by specially attached
cabl es.



Clean Ar Act

C ean Water Act

Comerci al waste

Comm ngl ed recyclables

Conm nut i on

Conpaction

Conpact or

Act passed by Congress to have the
air "safe enough to protect the
public's health." Requires the
setting of National Anbient Ar
Quality Standards (NAAQS) for nmjor
primary air pollutants.

Act passed by Congress to protect
the nation's water resources.
Requires the EPA to establish a
system of national effluent
standards for nmajor water

pol lutants, requires all

muni cipalities to use secondary
sewage treatnent, sets interim
goals of making all U S waters
safe for fishing and sw nm ng,
al l ows point source discharges of
pollutants into waterways only wth
a permt fromthe EPA, requires all
industries to use the best
practicable technology (BPT) for
control of conventional and
nonconventional pollutants, and to
use the best available technol ogy
(BAT) that is reasonable or

af fordabl e.

Waste nmaterials originating in
whol esal e, retail, 1nstitutional
or service establishnents such as
of fice buildings, stores, markets,
theaters, hotels, and warehouses.

A mxture of several recyclable
materials.

Si ze reduction.

Conpressing wastes to reduce their
volune. Conpaction allows for nore
efficient transport, but nmay reduce
aeration.

Power -driven device used to
conpress materials to a snaller
vol une.



Conputer printout paper

Cont ai ner deposit
| egi sl ation

Cont am nant

Corrugat ed paper

Cul | et

Cur bside collection

Cycl one separat or

Dense nedia separation

Densi ficati on equi pnent

Consists of white sulfite or

sul fate papers in forns
manufactured for use in data
processing machines. This grade
may contaln colored stripes and/or
conputer printing, and nay contain
not nore than 5% of groundwood in
the packing. A stock nust be
untreated and uncoat ed.

Laws that require nonetary deposits
to be levied on beverage

cont ai ners. The noney is returned

to the consumer when the containers
are returned to the retailer. Also
call ed "Bottle Bills."

Undesi rabl e constituent.

Paper or cardboard manufactured in
a series of winkles or folds, or
into alternating ridges and
grooves.

Cean, generally color-sorted,
crushed gl ass used to make new
gl ass products.

Prograns where recyclable naterials
are collected at the curb, often
from special containers, to be
brought to various processing
facilities.

A cylindrical and conical structure
Wi t hout novi ng Parts, whi ch
utilizes centrifugal force to
remove solids entrained in an air
stream

A separation process of nonferrous
metal from other large particles
such as rubber, plastic, bone, or

| eather, using a fluid solution
with a specific gravity about tw ce
that of water. he metal fraction
sinks in the solution while other
material floats.

Balers, pellet mlls, briquetters,
cubetters, etc.
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Densified refuse-derived
fuel (d-RDF)

Density

Design capacity

Det i nni ng

D version rate

Drag conveyor

Drop-off center

Dry process

Dust

A refuse-derived fuel that has been
processed to produce briquettes,
pell ets, or cubes.

The mass divided by the volune at a
stated tenperature.

The quantity of material that a
designer anticipates his system
wll be able to process in a
specified time period under
specified conditions.

Recovering tin from"tin" cans by a
chem cal process which nakes the
remai ning steel nore easily

recycl ed.

A nmeasure of the amount of waste
materials being diverted for
recycling conpared with the tota
anmount that was previously

di scar ded.

A conveyor that uses a series of
mechani cal barriers such as stee
bars fastened between two
continuous chains to drag nateri al
along a snmooth surface.

A nethod of collecting recyclable
or conpostable materials in which
the materials are taken by
individuals to collection sites and
deposited into designated
cont ai ners.

Processes which handle or process
solid waste directly as received
wi thout the addition of water.

A | oose term applied to solid
particles predomnantly |arger than
colloidal and capable of tenporary
suspension in air or other gases.
Dusts do not tend to flocculate
except under electrostatic forces:
they do not diffuse but settle
under the influence of gravity.



Dust | oadi ng

Eddy current separator

Ef f | uent

El ectroni c-optical sorter

El ectrostatic precipitator

Em ssi on

Energy recovery

An engineering term for "dust
concentration” --anong others,
usual ly applied to the contents of
air or gas ducts and em ssions from
stacks, expressed in grains per
cubic foot or pounds per thousand
pounds of gas or other equivalent
units.

A device which passes a varying
magnetic field through feed
material, thereby inducing eddy
currents in the nonferrous netals
present in the feed. The eddy,
currents counteract the magnetic
field and exert a repelling force
on the metals, separating them from
%hedfield and the remainder of the
eed.

Any solid, liquid, or gas which
enters the environment as a
by-product of a man-oriented
process. The substances that flow
out of a designated source.

Separates glass from stones and

pi eces of ceramcs; sorts the glass
according to color. Photoelectric
detector determnes the color or
oPaclty of the material and blasts
of air deflect the pieces into the
proper containers.

Device for renoving particul ate
matter from MAC facility air

em ssi ons. [t works by causing the
particles to becone

el ectrostatically charged and then
attracting themto an oppositely
charged plate, where they are
precipitated out of the air.

Di scharge of a gas into atmospheric
circul ation.

Conversion of waste energy,
generally through the conbustion of
processed or raw refuse to produce
steam  See also Minicipal Waste
Conmbustion and Incineration.
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Enterprise fund

EPA

Feedstock

Ferrous metals

Fines

Finished products

Firm capacity

Flail

Flat glass

Flight conveyor

Flint glass

A fund for a specific purpose that
is self-supporting from the revenue
it generates.

(United States) Environmental
Protection Agency.

Waste material furnished to a
machine or process.

Predominantly iron and steel
materials (typically contains small
amounts of paper, textiles,
plastic, and nonferrous metals) -
can be recovered by magnetic
separation.

Very short pulp fibers or fiber
fragments escape during paper
forming in the process water; may
be recovered for reuse or go into
sludges. Waste paper processing
creates extensive fines.

Wood chips, manure, screened
compost, and other products
produced from Acceptable Yard
Debris.

Assumed facility processing
capacity accounting for equipment
vulnerability.

A metal flange or tine attached to
a rotating shaft for moving,
mixing, and aerating leaves.

A general term covering sheet
glass, plate glass, and various
forms of rolled glass.

A drag conveyor that has rollers
interspersed in its pull chains to
reduce friction.

A lead-containing colorless glass.



Flow control

Fly ash

Front-end loader

Front-end recovery

Froth flotation

Grade

Gravity separation

A legal or economic means by which
waste is directed to particular
destinations. For example, an
ordinance requiring that certain
wastes be sent to a combustion
facility is waste flow control.

Small, solid particles of ash and
soot generated when coal, oil, or
waste materials are burned. Fly
ash is suspended in the flue gas
after combustion and is removed by
the pollution control equipment.

A tractor vehicle with a
bucket-type loader at the front end
of the vehicle.

Mechanical processing of as-
discarded solid wastes into
separate constituents.

A process for separating, in
aqueous suspension, finely divided
particles that have different
surface characteristics. Reagents
are selected which, when added to
the mixture, will coat only the
desired material and make their
surfaces water-repellent
(hydrophobic). When air is bubbled
through the solution, the coated
particles become affixed to the air
bubbles and are buoyed to the
surface where they can be removed
as froth.

A term applied to a paper or pulp
which is ranked (or distinguished
from other papers or pulps) on the
basis of its use, appearance,
quality, manufacturing history, raw
materials, performance, or a
combination of these factors.

Concentration or separation of a
mix of materials based on
differences in specific gravity and
sizes of materials.



Ground wood pulp

Hammermill

HDPE

Heavy media separation

Heavy metals

HHW

High~grade paper

Horsepower, shaft
(flywheel or belt horsepower)

Inclined plate conveyor

A wood pulp produced mechanically
by a grinding action that separates
wood fibers from resinous binders.
It is used principally for
newsprint and printing papers.

A type of crusher or shredder used
to break up waste materials into
smaller pieces.

High-density polyethylene
containers (containers for milk,
liquid detergents, bleach, film,
cosmetics, and medicines).

Separation of solids into heavy and
light fractions in a fluid medium
whose density lies between the
fractions.

Dense metals, specifically cadmium,
mercury, lead, copper, silver,
zinc, and chromium, which may be
found in the waste stream. High
concentrations in compost can
restrict use.

Household hazardous waste.

Relatively valuable types of paper
such as computer printout, white
ledger, and tab cards. Also used
to refer to industrial trimmings at
paper mills that are recycled.

Actual horsepower produced by an
engine, after deducting the drag of
accessories.

A separating device that operates
by feeding material onto an
inclined steel plate backed belt
conveyor so that heavy and
resilient materials, such as glass,
bounce down the conveyor, and light
and inelastic materials are carried
upward by the motion of the belt.



Inertial separator

Inorganic waste

Institutional waste

Integrated solid

waste management

Intermediate processing
center (IPC)

IPC
IRB

Kraft paper

LDPE

Device that relies on ballistic or
gravity separation of materials
having different physical
characteristics.

Waste composed of matter other than
plant or animal (i.e., contains no
carbon) .

Waste materials originating in
schools, hospitals, prisons,
research institutions, and other
public buildings.

A practice of using several
alternative waste management
techniques to manage and dispose of
specific components of the
municipal solid waste stream.

Waste management alternatives
include source reduction,
recycling, composting, energy
recovery, and landfilling.

Usually refers to the type of

MRF that processes residentially
collected mixed recyclables into
new products available for market;
often used interchangeably with
MRF.

See intermediate processing center.
Industrial revenue bond.

A paper made predominantly from
wood pulp produced by a modified
sulfate pulping process. It is a
comparatively coarse paper
particularly noted for its
strength, and in unbleached grades
is used primarily as a wrapper or
packaging material.

Low-density polyethylene containers
(trash bags, diaper backing, fruit
and vegetable self-serve bags,
storage bags).



Lignin

Live bottom bin

Live bottom pit

Magnetic fraction

Magnetic separation

Magnetic separator

Mandatory recycling

Manual separation

Mass burn

An amorphous polymeric substance
related to cellulose that, together
with cellulose, forms the woody
cell walls of plants and the
cementing material between them.

A storage bin for shredded or
granular material whereby
controlled discharge is by a
mechanical or vibrating device
across the bin bottom.

A storage pit, usually rectangular,
receiving truck unloaded material,
utilizing a push platen or
bulkhead, reciprocating rams or
mechanical conveyor across the pit
floor for controlled discharge
(retrieval) of the material.

The portion of municipal ferrous
scrap remaining after the
nonmagnetic contaminants have been
manually removed and the magnetic
fraction washed with water and
dried at ambient temperature or as
required by ASTM C29.

A system to remove ferrous metals
from other materials in a mixed
municipal waste stream. Magnets
are used to attract the ferrous
metals.

A device available in several
forms, used to remove iron and
steel from a stream of material.

Programs which by law require
consumers to separate trash so that
some or all recyclable materials
are not burned or dumped in
landfills.

The separation of recyclable or
compostable materials from waste by
hand sorting.

Combustion of solid waste without

preprocessing, as in a mass burn
incinerator.
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Material balance

Material specification

Mechanical collector

Mechanical separation

Mixed MSW

Mixed paper

Monorail crane

MRF
MSW

NAAQS

NESHAP

New corrugated cuttings

An accounting of the weights of
material entering and leaving a
process usually made on a time
related basis.

Stipulates the character of certain
materials to meet the necessary
performance requirements.

A device that separates entrained
dust from gas through the
application of inertial and
gravitational forces.

The separation of waste into
various components using mechanical
means, such as cyclones, trommels,
and vibrating screens.

MSW that has not undergone source
separation.

Low-grade recyclable paper
(paperboard, books, catalogs,
construction paper, glossy coated
paper (except magazines).

A 1lifting unit, suspended from a
single rail, that can only move in
one horizontal direction.

Materials Recovery Facility.
Municipal Scolid Waste.

National Ambient Air Quality
Standards.

National Emission Standards for
Hazardous Air Pollutants.

Consists of baled corrugated
cuttings having two or more liners
of either jute or Kraft.
Nonsoluble adhesives, butt rolls,
slabbed or hogged medium, and
treated medium or liners are not
acceptable in this grade.



Newsprint

NIMBY

Noncompostable

Nonferrous metal

NRC

NRHW

NSPS

NSWMA

OBW
occ
ONP

Organic waste

A generic term used to describe

paper of the type generally used in
the publication of newspapers. The
furnish is largely mechanical wood
pulp, along with some chemical wood

pulp.

Acronym of "Not In My Back Yard" -
expression of resident opposition
to the siting of a solid waste
facility based on the particular
location proposed.

Incapable of decomposing naturally
or of yielding safe, nontoxic end
products. Noncompostable materials
include glass, batteries, cans,
etc.

Any metal other than iron and its
alloys.

National Recycling Coalition; now
called RAC (Recycling Advisory
Council).

Nonregulated hazardous waste.

New Source Performance Standards -
EPA’s rule which requires the
removal of 25% of the waste stream
as the best available control
technology (BACT) for WTE plants.

National Solid Waste Management
Association.

Oversize bulky waste.
014 corrugated cardboard.
0ld newspapers.

Waste material containing
carbon-to-carbon bonds and being
biodegradable. The organic
fraction of municipal solid waste
includes paper, wood, food wastes,
plastics, and yard wastes.



Particle

Particle size

Performance bond

Performance specification

Performance test

PET

Picking table or belt

Post-consumer recycling

A small, discrete mass of solid or
liquid matter, including aerosols,
dusts, fumes, mists, smokes, and
sprays.

An expression of the size of liquid
or solid particles expressed as the
average or equivalent diameter or
minimum of two linear dimensions.

A bond or other instrument
guaranteeing the performance of all
obligations of the proposer or
guarantor to acquire and construct
a facility.

States the desired operation or
function of a product or process
but does not specify the materials
from which the product must be
constructed.

A test devised to permit rigorous
observation and measurement of the
performance of a unit of equipment
or a system under prescribed
operating conditions.

Polyethylene terepthalate
(carbonated soft drink bottles)
(beverage containers redeemable
under the California bottle bill,
AB 2020).

Table or belt on which solid waste
is manually sorted and certain
items are removed. Normally used
in composting and materials salvage
operations.

The reuse of materials generated
from residential and commercial
waste, excluding recycling of
materials from industrial processes
that has not reached the consumer,
such as glass broken in the
manufacturing process.

b
I
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Post-consumer waste

PP

Primary materials

PS

PSD

Pulverization

pvcC

Rated capacity

RCRA

Recovery

Material or product that has served
its intended use and has been
discarded for disposal after
passing through the hands of a
final user. Part of the broader
category, "recycled material."

Polypropylene (syrup bottles,
yogurt and margarine tubs, shampoo
containers, container caps and
lids, drinking straws).

Virgin or new materials used for
manufacturing basic products.
Examples include wood pulp, iron
ore, and silica sand.

Polystyrene (disposable dishes,
cups, bowls, egg cartons).

Prevention of significant
deterioration.

The crushing or grinding of
materials into very fine particle
size.

Polyvinyl chloride (meat wrap,
bottles for edible oils).

Recycling Advisory Council;
formerly NRC (National Recycling
Coalition).

The quantity of material that the
system can process under
demonstrated test conditions.

Resource Conservation and Recovery
Act.

The process of retrieving materials
or energy resources from wastes.
Also referred to as extraction,
reclamation, recycling, and
salvage.

>
!
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Recyclables

Recycling

Refuse

Refuse Derived Fuel (RDF)

Residential waste

Residue

Residue conveyor

Resource recovery

Materials that still have useful
physical or chemical properties
after serving their original
purpose and that can, therefore, be
reused or remanufactured into
additional products.

The process by which materials
otherwise destined for disposal are
collected, reprocessed or
remanufactured, and reused.

Putrescible and nonputrescible
solid wastes, except body wastes,
and including kitchen discards,
rubbish, ashes, incinerator ash,
incinerator residue, street
cleanings, and market, commercial,
office, and industrial wastes.

Boiler fuel made by shredding and
screening solid waste into a
material of relatively uniform
handling and combustion properties.
Often, recyclables can be recovered
from the RDF process.

Waste materials generated in single
and multiple-family homes.

Materials remaining after
processing, incineration,
composting, or recycling have been
completed. Residues are usually
disposed of in landfills.

A conveyor, usually of the drag or
flight type, used to remove
incinerator residue from a quench
trough to a discharge point.

A term describing the extraction
and utilization of materials and
energy from the waste stream. The
term is sometimes used synonymously
with energy recovery.



Reuse

RFP

Roll-off container

Rotary screen

Scavenger

Scrap

Screen

Screening

Screw conveyor

Secondary material

The use of a product more than once
in its same form for the same
purpose; e.g., a soft drink bottle
is reused when it is returned to
the bottling company for refilling.

Request For Proposal.

A large waste container that fits
onto a tractor trailer that can be
dropped off and picked up
hydraulically.

An inclined meshed cylinder that
rotates on its axis and screens
material places in its upper end.
Also known as trommel.

One who removes materials at any
point in the solid waste management
systen.

Discarded or rejected industrial
waste material often suitable for
recycling.

A surface provided with apertures
of uniform size. A machine
provided with one or more screening
surfaces to separate materials by
size.

The process of passing compost
through a screen or sieve to remove
large organic or inorganic
materials and improve the
consistency and quality of the
end-product.

A rotating shaft with a continuous
helical flight to move granular
type material, along a trough or
tube.

A material that is used in place of
a primary or raw material in
manufacturing a product.



Shear shredder

Shredder

Size-reduction equipment

Solid waste

Source reduction

Source separation

Special waste

Stack emissions

A size reduction machine that cuts
material between large blades or
between a blade and a stationary
edge. See Grinder, Hammermill,
Shredder.

A mechanical device used to break
up waste materials into smaller
pieces, usually in the form of
irregularly shaped strips.
Shredding devices include tub mill
grinders, hammermills, flail mills,
shears, drum pulverizers, wet
pulpers, and rasp mills.

Hammermills, shredders, etc.

Garbage, refuse, sludge from a
water supply treatment plant or air
contaminant treatment facility, and
other discarded waste materials and
sludges in solid, semi-solid,
liquid, or contained gaseous form,
resulting from industrial,
commercial, mining and agricultural
operations, and from community
activities.

The design, manufacture,
acquisition, and reuse of materials
so as to minimize the quantity
and/or toxicity of waste produced.
Source reduction prevents waste
either by redesigning products or
by otherwise changing societal
patterns of consumption, use, and
waste generation.

The segregation of specific
materials at the point of
generation for separate collection.
Residences source separate
recyclables as part of a curbside
recycling program.

Refers to items that require
special or separate handling, such
as household hazardous wastes,
bulky wastes, tires, and used oil.

Alr emissions from a combustion
facility’s stacks.
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Storage

Storage pit

Subtitle C

Subtitle D

Subtitle F

SWDA
SWMP

Tin can

Tipping fee

Tipping floor

TPD
TPH

TPW

The interim containment of solid
waste, in an approved manner, after
generation and prior to ultimate
disposal. See live bottom bin.

A pit in which solid waste is held
prior to processing.

The hazardous waste section of the
Resource Conservation and Recovery
Act (RCRA).

The solid, nonhazardous waste
section of the Resource
Conservation and Recovery Act
(RCRA) .

Section of the Resource
Conservation and Recovery Act
(RCRA) requiring the federal
government to actively participate
in procurement programs fostering
the recovery and use of recycled
materials and energy.

Solid Waste Disposal Act.
Solid waste management plan.

A container made from tin-plated
steel.

A fee, usually dollars per ton, for
the unloading or dumping of waste
at a landfill, transfer station,
recycling center, or waste-to-
energy facility, usually stated in
dollars per ton; also called a
disposal or service fee.

Unloading area for vehicles that
are delivering municipal solid
waste to a transfer station,
recycling center, composting
facility, or municipal waste
combustion facility.

Tons per day.

Tons per hour.

Tons per week.
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TPY

Transfer station

Trash

Trommel

Variable container rate

" Vibrating screen

Virgin materials

VOC

Volume reduction

Tons per vyear.

A permanent area where waste
materials are taken from smaller
collection vehicles and placed in
larger vehicles for transport,
including truck trailers, railroad
cars, or barges. Recycling and
some processing may also take place
at transfer stations.

Material considered worthless,
unnecessary, or offensive that is
usually thrown away. Generally
defined as dry waste material, but
in common usage it is a synonym for
garbage, rubbish, or refuse.

A perforated rotating essentially
horizontal cylinder (a hollow
cylindrical screen) used to break
open trash bags, screen large
pieces of glass and remove small
abrasive items such as stones and
dirt.

A charge for solid waste services
based on the volume of waste
generated measured by the number of
containers set out for collection.

An inclined screen that is vibrated
mechanically, and screens material
placed on it.

Material derived from substances
mined, grown, or extracted from
water or the atmosphere, and virgin
materials are juxtaposed to
secondary materials.

Volatile organic compounds.

The processing of waste materials
so as to decrease the amount of
space the materials occupy, usually
by compacting or shredding

(mechanical), incineration
(thermal), or composting
(bioclogical).

>
|
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Waste exchange

Waste paper

Waste reduction

Waste stream

WDF

Wet ton

White goods

WTE

Yield

A computer and catalog network that
redirects waste materials back into
the manufacturing or reuse process
by matching companies generating
specific wastes with companies that
use those wastes as manufacturing
inputs.

Any paper or paper product which
has lost its value for its original
purpose and has been discarded.

The term is most commonly used to
designate paper suitable for
recycling, as paper stock. Paper
waste generated in the paper
manufacturing process itself is
excluded.

Reducing the amount or type of
waste generated. Sometimes used
synonymously with Source Reduction.

A term describing the total flow of
solid waste from homes, businesses,
institutions, and manufacturing
plants that must be recycled,
burned, or disposed of in
landfills; or any segment thereof,
such as the "residential waste
stream”" or the "recyclable waste
stream."

Waste derived fuel facility.

Two thousand pounds of material,
"as is." It is the sum of the dry
weight of the material, plus its
moisture content. Yard waste
weighed on truck scales would
typically be reported this way.

Large household appliances such as
refrigerators, stoves, air
conditioners, and washing machines.

Waste-to-energy.
The quantity or percentage of

recovered product(s) from the
process.

bo
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APPENDIX B

List of Material Grades and Specifications



Table 1. Examples Of Buyer Specifications fc: Nowsgape:

Contamination
Buyer [Baled | Loose |Bundled [Grade | Rotogravure { Colored [OCC | Grocery |Maxamum | Delivery
Bags |Accepied
A X X - #7 Normal Normal | - [160 TPM | Trailer
B X X - #7 - - - - No limit Self-dump
C NO X X - No glossy - None! X 20-30 TPW |Semi-trailler |
D | NO| X X #6 - - - X |Notmit |Self-dump |
E X - - - - - - - Truck/Rail |
F I X - - - - - - - Flatbed/NVan J!
X = Acceptable
-~ = Not specified
Table 2. Examples of Buyer Specifications for OCC
Maximum
Buyer Baled Loose Quantity Method of
Accepted Delivery
A X - - Truck/rail
B X X No limit Self-dump
C X - - Flatbed/van
X = Acceptable

Not specified
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Table 3. Examples of Buyer Specifications for Tin Cans

Contamination
Buyer Baled Briquet Loose Flattened | W/Bi-Metal Food Delivery
& Labels
A 70 ibs/cuft  70lbs/cuft - - X X -
B 751bs/cuft - - X NO Truck or Rail
C 50lbs/cuft - X - - X Truck
D X - X NO - - Filatbed/Van

X = Acceptable
~ = Not specified

GENERAL INFORMATION?

a Cleanness. All grades shall be free of dirt, nonferrous metals, or foreign material of any kind, and
excessive rust and corrosion. However, the terms *free of dirt, nonferrous metals, or foreign material of
any kind’ are not intended to preclude the accidental inclusion of negligible amounts where #t can be
shown that this amount is unavoidable in the customary preparation and handling of the particular grade
involved.

b. Off-grade material. The inclusion in a shipment of a particular grade of iron and steel scrap of a
negligible amount of metallic material which exceeds to a minor extent to meet the applicable
requirements as to quality or kind of material, shall not change the cfassification of the shipment.
provided it can be shown that the inclusion of such off-grade material is unavoidable in the customary
preparation and handling of the grade involved.

ISRI code number Selected Definitions:

20gP No. 2 bundles. Old black and galvanized steel sheet scrap, hydraulically
compressed to charging box size and weighing not less than 75 Ibs per cu ft. May
not include tin or lead-coated material or vitreous enameled material.

211 Shredded Scrap. Homogeneous iron and steel scrap magnetically separated,
originating from automobiles unprepared No. 1 and No. 2 steel, miscellaneous
baling and sheet scrap. Average density 70 Ib/cu ft.

213 Shredded Tin Cans for Remelting. Shredded steel cans, tin-coated or tin-free,
may include aluminum tops but must be free of aluminum cans, nonferrous metals
except those used in can construction, and non-metallics of any kind.

215 Incinerator bundles. Tin can scrap. compressed to charging box size and
weighing not less than 75 Ibs/cu ft. Processed through a recognized garbage
incinerator.

aadapted from Scrap Specifications Circular 1990. Insutute cf Scrap Recycling Industries. Inc (ISR
bCurrent price often used as a basis by buyers for establishing price for tin cans.
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Table 4. Example of Specifications for Aluminum Used Beverage Containers (UBC)!

Shraddcd Densified Baled Actual Buyer Spectiications Baled
Density 12.17 3545 14-17 unflattened 141 22 -30
tbs/cu ft 22 flattened
Size Unilorm for a bundle 10 30 cu ft minimum. 30 cu # mimimum 24 16 40 x 30’ to 52° x 40° 1o 72
to 13" x 10%"° to 20° x 24° 10 40" x 30" 10 S2
6% 10 9 x 40° to 84
Bundle: 41" 10 44° x 51
10 54’ x 54’ lo 56’ height
Ferrous Magnetic Magnetic Magnetic
Separation
Free Lead None None NO”‘3
Steel. lead. None None None
bottle caps.
plastic.
cans, other
plastics,
glass.
wood. dirt,
grease.
trash, end
other
foreign
substances
Tying 4 to 6 5/8" x 0.020' steel 4 to 6 S5/8° x 0.020' steel A minimum of 6 5/8" x 0 020 steel straps or 6 to 10
Method bands or 610 10 #13 ga bands or 6 to 10 #13 #13 ga steel wires or equivalent are required
steel wires (or aluminum ga steel wires (or alum- Aluminum bands or wwes ate acceptable in
bands or wires of equiva- inum bands or wires of equivalent strength and number Bands or wire of
lent strength and equivalent strength and other material are not acceptable
number). number).
Skids and/| - Not acceptable Not acceptable Support sheets are not acceptable.
2f support
sheets
Aluminum Not Not acceptable Not acceptable
terns other acceptable
ha" UBC
Jther items Including Including moisture. by By special arrangement Composite bales of two or more Individual bales
moisture special arrangement between buyer and banded together to meet size specdications are
by special between buyer end seller seller not acceptable
arrange-
ment
between
buyer
and seller
other Max. of 5% Biscuit shall have band- -
Conditions tines less ing slots in both
than 4 mesh. | directions lo facilitate
Max. of banding. One vertical
2.5% lines band per row and min-
less than tmum of two horizontal
12 mesh. bands per bundle.

Note: {ndividual buyers’ specifications may differ. Some buyers will accept (and may prefer) UBCs tlattened and pneumatically conveyed to transpor

traders. When buyer provides flattener/blower et no cost, often a guaranteed monthly volume (e ¢ 25.000 ibs) 15 requicec

— = Not specried

’Adapled from Scrap Scecitications Cacular 190, Institute of Scrap Recycling Industries, inc




Table 5 Examples of Buyer Specifications for PET

Contamination

gayer Baled Granulate|| Clear | Green| Caps Labels |Ferrous | HDPE | PVC Other Delivery
]
A [15Ibjcuft No - X X No [2% maximum other plastics, metals, paper | Truckload
B |3'x4'x5', 10 Ib/cu ft No - X X Mix ok| No 25-30,000 [b trailer
C Color sont X X - - - -- Granulated in gaylords
D Maximum density X X - - -- -- | 3% maximum contamination Granulated in gaylords
E X - - . -
£ - - .- No No - -- | No bottle bottoms 2,000 Ib super-sack
X = Acceptable
-- = Not specified
P\C = Polyvinyl Chloride
Table 6. Examples of Buyer Specifications for HOPE
Contamination
Buyer |Milk |Non- |Baled Granulate |Caps| Ferrous PP PET| PVC| Moisture uv Delivery
Mitk Degraded
A X Separate or Mix (a) No X -- Soda No -- 25.000 Ib trailer load |
B X X |Separate No No No - 30-40.000 Ib trailer load |
C X X |Separate X - Na Na| Mad  Low Low Granulated in gaylords
D 700-800 Ib/bale X No
E - [No X -
F X X X No 1 |[— 1 |—— | — - 36,000 Ib trailer load

X = Acceptable
-- = Not specified

PP = Polypropylene

PVC = Polyvinyl Chloride

UV = Ultraviolet

(a) with PET




Table 7. Examples of Buyer Specifications for Cullet (Mid-West)

Contamination (a)
Buyer | Clear Gree||1 Amber Mixed Crushed Metal Other Moisture Delivery
A X X - -- 1/2* minimum None | Labels ok Dry Rear Dump or Rail
B X - X - 1/2* minimum None | Labels ok Dry Rear Dump
c X -- X -- No - - - Rear Dump
D X - X - 1/4* - 2’ or whole None -- i2% maximum | Self Dump
E X X X X 1/4* - 2’ or whole None | No Plastic _ Self Dump or Rail

a) Generally unacceptable materials include:
Non-container glass (window, pyrex, lab materials, light bulbs, etc.)

Metal shavings or metal pieces

X = Acceptable
-- = Not specified
Table 8. Examples of Buyer Specifications for Unprocessed Cutlet (West Coast)
Contaminatlon
Farrous Non-ferrous Metal Refroctory Matedal (a}
_ + e + J/4° non-glass Numbet of particies Number of particles Qrganic Materals | Cultet
Buyer Clear Green Ambet 2 Colot | 3Color| pca > | pca > 1/2° | pes <| glass phg pkg mat’l (lead, in 80 Ibs (n 50 by {inbels, etc} Sizing
) i Mix Mix | 8x8x12| or <« 8x8x12] <1/2°| mat'l (b copper, biass) /4 to 48 mesh| -B1lo +20 mesh{ +B mesh| -A10 +20 mes | 2010 +40 mes 1) {d) ] < /& Dehvery
A [55 T00% auTnoR TO- TR BO-T00N BO- 10U X max [ UDU5%({ normal amis 0 5% max .- - U T A0 nofmai amls U 5% | 20% max | seil
0-3% Amber} 0-15% Ambe:| 0-10% Gieenl A/Q AQ dump
0-1% Green [ 0-10% Flint_| 0-5% Flint 0-10% | 0-20% vehicley
0-1% other 0-5% Other Flint Flint
[ B _[85% 20% 0% - - 0 1% max | 0 05%{ normal amts 05% 0 ] 0 1 40 normal amts 0 5% | 25% max

a) Caramics, pottery, elc
b) Ctosures, Alumlnum toll
¢) Glass packaging material {labels, plasti-shialds)
d) Non-glass packaging maierial ({paper, wood, tubber)
Loads will be rejected tor Other Contaminants which Include:
Excessive amounts of dirt, gravel, asphait, concrets, limestone, garbags, etc., or
Excessive amounts of malsture, of

Contamlnation caused by burning glasa contalners, or
Pyiex, oven-ready material, plate glass, automoblie glass, fight bulbs, atc.

X = Acceplable
= Notl specliiied




Table 9. Select LIst of Paper Grades and Definltlons
(Adapted from Scrap Specifications Circular 1990, Institute of Scrap Recycling Industries, Inc )

Grade Namo Description % Maximum % Maximum
Prohlbitive Total
Materials Outthrows
l Mixed Paper Conaslsts of a mixture of various qualities of paper not limited as lo typo of packing or fiber content 20 100
3 Super Mixed Paper Conslsts of a baled ¢lean, sorted mixtute of various qualities of papers containing less than 10% of 0.5 30
groundwood stock, cooled or uncoated
6 News Consists of baled newspapers containing loss than 5% of other papers 05 20
7 Special News Consists of baled sorted, fresh dry newspapers, not sunburned, free from paper other than news, 00 20
contalning not more than the normal percentage of rotogravure and colored sections
8 Special News De-ink Consists of baled sorted, fresh dry newspapers, not sunburned, free from magazines, whit” blank, 00 025
Quality pressroom overissues, end peper other than news, containing not more than the normal percentage
of rotogravure end colored sections. This packing must be free from tare.
11 Corrugated Containers Consists of baled corrugated containers having liners of either test liner, [ute, or kraft 1.0 50
15 Used Brown Kraft Conslsts of baled brown kraft bags free of objectionable Hiners or contents 00 05
25 Groundwood Computer Conslsts of papers which are used In forms manufactured for us” In data processing machines This 00 20
Ptintout grade may contaln a reasonable amount of treated papers
38 Sortad Calored Ledgor Conslsts of printed or unprinted shoets, shavings, and cuttings of colored or white sulphite or 05 20
(Post-Consumar) sulphata lodger, bond, writing, and other papers which have a similar fiber and fitler content
This grade must bo free of treated, coated, paddod or heavily printed stock
10 Sortod Whita Ledger Consists of printad or unprinted shoots, shavings, guillotinad books, quire waste, and cuttings of 05 20
(Post-Consumer) white sulphite or sulphate lodger, bond, writing papor, ond all othor papers which have a similar
fiber and filler content This grado must bo free of treated, coatod, padded, or heavily printed stock
42 Computer Printout Consists of white sulphite or sulphate papers In forms manufactured for use in data processing machines 00 20

This grade may contain ¢olored stripes and/or Impact or non-impact (o g. laser) computer printing, and
may contain not more than 5% of groundwood In the packing. All stock must bo untreated and uncoated




Table 9. (Conlinued)

Miscollaneous Practices and Definitions

Baiing
Each bale must bo secured with a sutficient number of bole ties drawn tight lo Insure a satisfactory dolivory.

Tare
Sides and headors must bo adequte to make a satisfactory delivery of the pecking but must not bo excessive, nor can they consist of prohibitive materials Tho weight of skids
or 1ron cores should bo deducted trem a gross Invoice weight

Moisture Content
All paper must bo packed air dry. Where excess moisture Is present in the shipment, the buyer has the right to request an adjustment and if a settfement cannot be reached, the
buyer has the right lo reject the shipment.

Qutthrows
Ttro term ‘Outthrows’ is defined as *all papers that are so manufactured or treated or are in such a form as to be unsuitable for consumption as the grade specified.

Prohibitive Matorials
Tho term ‘Prohibitive Materials’ is defined as:

a Any materials which by lheir presence In a packing of paper stock, In excess of the amount allowed, will make the packaging unusable as the grade specified

b Any matetials that moy be darnaging lo equipment

Note: The maxtmum quantity of *Qutthrows® indicnled in connection with the following grado definitions is understood lo be the TOTAL of ‘Outthrows® ond ‘Prohibitive
materials *

A material can be classified as en *Outthrow® in ono grade and as a ‘Prohibitive Materiel’ in another grade. Carbon paper, for instance, I1s ‘UNSUITABLE' in Mixed Paper
and 1s, therefore, classified as an *Outthrow’; whereas it is ‘UNUSABLE’ in While Ledger and in this case classified as a *Piohibitive Material *



APPENDIX C

Examples of Maintenance Procedures



Example of Maintenance Procedures: Belt Conveyor

Iltem No. Description Frequency

! Drive

Remove debris from motor cooling fins
Check gear case oil level

Check all fasteners and mounting bolts
Check drive belts for tension and wear
Replace guard before running

® oo o
P

2 Head and Tail Pulleys

Remove debris

Lubricate bearings

Check all fasteners and mounting bolts

Check take-up for proper belt tension and belt alignment
Replace guards before running

O O 0O T D
=== =

R

3 Idlers

Remove debris
Lubricate bearings
Check for frozen idlers
Check mounting bolts

o 0O T o
=== =

4 Belt
Inspect for damage, wear, and tracking
Check belt splice

o ©
==

5 Skirting

Remove debris
Check adjustment
Check for damage
Check fasteners

oo oo
Tsz=ss=

6 Wipers

Remove debris

b Check adjustment
c Check wear

QD
==

7 Controls
a Remove debris
b Check for damage
Check and adjust emergency shut-off

===

a Comments

Legend: D = Daily; W = Weekly; M = Monthly; A/R = As required
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Example of Maintenance Procedures: Magnetic Separator

Item No. Description Frequency

1 Drive

Remove debris from motor cooling fins
Check gear case oil level

Check all fasteners and mounting bolts
Check drive belts for tension and wear
Replace guard before running

® O 0 T D
2=zx=x=

R

2 Head and Tail Pulleys

Remove debris

Lubricate bearings

Check all fasteners and mounting bolts

Check take-up for proper belt tension and belt alignment
Replace guards before running

o0 0O oo
=z =

R

3 Idlers

Remove debris
Lubricate bearings
Check for frozen idlers
Check mounting bolts

o 0O T o
===z =

4 Bett

a Inspect for damage, wear, and tracking
b Check belt splice

c Check wear plates and fasteners

===

5 Magnet
Check oil temperature and oil seepage

a

b Clean pressure relief valve

c Check oil level

d With magnet off, slack off belt and blow away accumulated tramp
iron from magnet. Re-tighten belt.

=s=z==

6 Controls
a Remove debris
b Check for damage

==

7 Comments

Legend: D = Daily; W = Weekly; M = Monthly; A/R = As required.
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Example of Maintenance Procedures: Trommel

Iltem No. Description Frequency
| Drive
a Remove debris from motor cooling fins w
b Check gear case oil level M
c Check all fasteners and mounting bolts M
d Lubricate drive shaft couplings M
e Check drive belts for tension and wear W
f Check universal joints M
g Replace guards before running AR
2 Trunnions
a Check trunnion wheels for wear and alignment M
b Lubricate trunnion bearings M
c Check thrust wheels for wear and alignment M
d Lubricate thrust wheels M
3 Screen
a Remove debris from screen openings M
b Check screen for structural wear or defects M
4 Controls
a Remove debris W
b Check for damage w
5 Comments

Legend: D = Daily; W = Weekly; M = Monthly; A/R = As required.



Example of Maintenance Procedures: Can Flattener

Item No. Description Frequency

1 Drives

a Remove debris from motor cooling fins W

b Check gear case oil level M

c Check all fasteners and mounting bolts M
2 Convevor

a Remove debris from head and tail shaft pulleys W

b Lubricate bearings M

c Check take-up for proper belt tension and alignment W

d Check belt for wear and damage W

e Check belt splice W
3 Drum

a Check drum cleats and reverse or replace as required M

b Lubricate bearings M
4 Blower

a Remove debris from intake and blades w

b Lubricate bearings M
5 Controls

a Remove debris W

b Check for damage W
6 Comments

Legend: D = Daily; W = Weekly; M = Monthly; A/R = As required.
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Example of Maintenance Procedures: Baler

ltem No. Description Frequency

! Power Unit

a Remove debris from motor cooling fins w

b Check mounting bolts M
2 Hydraulic Svstem

a Remove debris from cooler w

b Check mounting bolts M

c Check hydraulic oil level M

d Check for leakage w
3 Wire Rolls

a Inspect for quantity and condition D
4 Tie Svstem

a Remove debris D

b inspect for damage D
5 Shear Knives

a Inspect for sharpening and/or replacement W
6 Bale Ejection Chamber

a Remove debris W

. b Check for damage w

7 Controls

a Remove debris W

b Inspect for damage W

c Check and adjust emergency shut-off W
8 Comments

Legend: D = Daily; W = Weekly; M = Monthly; A/R = As required.
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