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APPENDIX E

MATERIAL RECOVERY/RECYCMNG TECHNOLOGIES

E.1 INTRODUCTION/OVERVIEW

In its1989 report,J',l]g.._Jj£L.WasteDilemma:An Aaenda for Action (295),the U.S. EPA advocated the

concept of integrated solid waste management, settingforth a hierarchyof solutionsto the burgeoning

solid waste disposal crisis in the nation,namely: 1) source reductionand muse; 2) materials recycling

and composting;3) waste combustionwith energyrecovery;and4) landfilldisposal.

At thattime, the U.S. EPA also proposeda national sourcereductionand recyclinggoal of 25 percentby

1992. Whilea nationalgoal was neverestablishedthroughregulatoryaction, by 1990, 28 statesandthe

Districtof Columbia had mandatedambitious recyclingand waste management programs (776). The

recyclinggoals establishedby these states are outlined in Table E-1. In additionto the ultimate goals

listedinthe table, many states haveset interimgoals as weil, As noted, only a few states have separate

targets forsource reductionorcomposting.

The enthusiasmforand commitmentto recyclingis based on severalintuitivebenefits (295, 772, 774):

o Conservationof landfillcapacity

o Conservation of non-renewablenaturalresourcesand energy sources

o Minimizationof the perceivedpotPntialenvironmentalimpactsof MSW combustion and

landfilling

o Minimizationof disposalcosts,bothdirectlyand throughmaterialresalecredits

In this discussion,"recycling"refersto materials recoveredfrom the waste stream, lt excludes scrap

materials that are recovered and reu.• Jd dudng industrial manufacturing processes and "prompt

industrialscrap," i.e., scrap generated in a productionprocess that can be returned to the basic

productionfacilityfor reuse(e.g., scrapferrousand nonferrousmetals) (723).

Materials recyclingis an integralpart of several solid waste managementoptions. For example, in the

preparationof refuse-derivedfuel (RDF), describedin AppendixB, ferrous metalsare typicallyremoved

from the waste stream both before and after shredding. Similarly, composting facilities, covered in

Appendix G, often include processes for recovering inert recyclable materials such as ferrous and
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nonferrousmetals, glass, plastics, and paper. While these two technologieshave as their primary

objectivesthe productionof RDF and compost,respectively,the demonstratedrecoveryof recyclables

empllasizesthe inherentcompatibilityof mcyctingwiththese MSW management strategies.

TABLE E-1. STATES' RECYCMNG GOALS (776)

CaLifornia 501 by 2000
Connecticut 25_{ by 1991
DeLaware 30 by 1994 ( 1)
Dist. of Cotljnbhl 45Z by 1994
Ftorida 301 by 1994
_rg|a 25Z by 1996 (2)
ILLinois _3_ by 2000 (3)
Indilna 501 by 2001
Io_ 501 by 2000
LOutltmno 2S_ by 1992
h|n, 501 by 1994
Narytend 201 by 1994 (4)
iUsuchuse_ts 5¢T, by 2000 (5)
Nlchi_ 501 by 2OO5
Minnesota 2Sl; by 1993
Mississippi 25X by 1996
Missouri 35Z by 2000
MINdHampshire /_ by 2000
Mim Jersvy 25Z by 1992
Mild MOXl¢0 501 by 2000
MeteYork 501 by 1997 (6)
iorth CaroLina 25Z by 1993
Ohio 2SZ by 1994
Pennsytvent s 2SX by 1997
Rhode IsLand mxiu possible (7)
Vement _ by 2000
Virginia 25:; by 1995
WNhington 501 by 1995
West Virginia 30_ by _.000

(1) The goal coabirms s 10 percont recycL|ng target
Mtth a 20 percent ccmpelt|ng target.

(2) 25 percent of 1992 per capita Milts generation.

(3) This goal only aPi=ties to countries with populations
greater then 100,000.

(4) Tuenty percent recycling ts the optiu SH)aL. Countries
li|rh populations under 150+000 ut recycle st Least 5X
of their illite.

(5) The 9oel cells for a 46 percont recycling rate and a 101
reduction in 1990 Per capita _ste 9enerstton rate by 2000.

(6) The Sloal cwnbines s 10 Percent source reduction target
and s 40_ recycling tll_iet.

C7) 14untcipettttu amt achieve s Least 15% recycling by 1993.
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Facilitiesthat haveas theirpdrnaryfunctiontheprocessingandmarketingof recyclables,receivedas

eithercommingledorsourceseparated,are typicallyreferredto as materialsrecoveryfacilities(MRFs).

MRFs can be operatedin conjunctionwith drop-offcenters,where communityresidentsvoluntarily

depositrecyclables,and/orbuy-backcenters,where the public receivespayment for pre-sorted,

pre-separatedmaterials(769).

The designation"MRF"hasalsobeenextendedto encompassthe recoveryof recyclablesfrom mixed

municipalsolidwaste(723). In orderto avoidconfusionintermir_iogy,a mixedwaste MRF is defined

hereas a materialsrecoveryfacilitywhoseprimaryfunctionis to separatemarketablerecyclablesfrom

mixedmunicipalsolidwaste. Thisdefinitionof a MRFexcludesrecyclingas a partof RDF production
,

and composting,but Includesfront-endprocessingsystemsfor mass bum plants. These MRFs or

front-endprocessingsystems(astheyaremorecommonlycalled)servenotonlyto recoverrecyclables,

butalsoto minimizethe introductionof glassor aluminumthatcan fourthe_mbustor, andhousehold

batteriesthatcanleadtoairemissionsproblems.

Thisappendixdiscussesseveraltechnologyoptionswithregardto ser,r,r,r,r,r,r,r,r,c_ratingrecyclablesat thesource

ofgeneration,themethodsavailableforcollectingandtransportingthesematerialsto a MRF,themarket

requirementsfor post-consumerrecycledmaterials,and the processunitoperations. Mixed waste

MRFsassociatedwithmassbumplantsarealsopresented.

E.1.1 Comolexltyof Rec-ycllnoDeclslon.Makln_a

Materialsrecyclingaitemativesinvolvea varietyof technologies,eachhavingtechnical,economic,and

institutionalimpacts.Anyrecyclingappficationinvolvesdecisionsontechnologiesfor:

o Collection

o Materialsseparationandprocessing

o Repackaging
o Resale

o Reprocessingandreuseasa consumerorindustrialproduct

o Disposalof rejectsfromseparation,processingandreprocessing

These decisionsare highlyinfluencedby suchfactorsas waste quantitiesar_ composition,and

secondary(i.e., resale)marketavailability,as well as a varietyof subtleinstitutionalfactors. Of the

non-technicalfactors,the levelof citizenand industryparticipation,alongwith existingadministrative

structuresand traditions,are key determinantsin the selection,initialsuccess,and progressof a

recyclingprogram.(774)
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A varietyof factorsmustbe oonsk:leredinthe corceptuJdesignof a recyclingprogramandits MRF

(723,295, 773):

o Ouamit__and comnosHionof the wastestreamin the sendcearea. MSW feedstock

characteristicsaffect the economicand technicalfeasibilityof materialsrecovery

strategiesand technologiesim,ludingequipmentselectionand facilitysizing. For

example,H boglebill legislationexists,the quantityof aluminum beveragecontainers

thatwillendupina MRFwillbe muchlessthanifnosuchlegislationwereineffect.

o Tynesand _Jantitio_of materialsta_metedfor recnve_. Thesefactorsdeterminethe

extentof generatorparticipationandtheprocessingstepsrequiredat a MRF. Modest

programobjectivespossiblycan be accomplishedby a combinationof selective

targetingof recyclablesand lesscapitalintensiveprocessing.Dependingon thewaste

compositionand other factors,an ambitiousprogrammay requiremore pervasive

involvementof waste generatorsand higherdegrees of processingto maximize

materialsseparationandrecovery.

o Qualk_of recyclablematerialsreauiredbv end-users. Higherdegreesof recovered

matedalquality,especiallyfromthestandpointof contamination,maydictategenerator

set-outprotocols,collectionmethods,and processingalternatives. The absolute

quantityof recyclablematerialsprocessedfor resalealso may affect marketability.

Largeproducerscan seek volumeusesandcollaboratemoreon qualityspecifications;

smallrecyclerstypicallymustconformtothemarketnorms.

0 Deor_ of _generaTorinvolvementdesiredandnarticioationattainable. Determiningthe

expecteddeliveriesto the MRF, regardlessof the form (sourceseparatedor mixed

waste) is essentialto the sizingof the collectionfleetand the MRF. In addition,the

reliabilityof materialflowsaffectthe processingefficiency,marketcommitments,and

financingarrangements.Deliveriesto a IdRF processingsource-separatedmaterials

are a functionof the waste generationrate, generatorparticipation,and generator

separationefficiency'_fapplicable).
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O De0ree of technical riskto be a_sumed. More 81TIbilJousrecycling goals can be met

through vadous approaches to collection and processing Selection of more

capital-intensive,automated ap_ must balance the promise of higher recovery

rates, enhanced material quality,and unt cost against the risksof system reliabilityand

technologicalobsolescence.

o _De0reeof mad(eflngriskto be assuerted. Decleiorl-_ on program designassumes

that the targeted recyclablematerialscan be mused in some beneficial manner, thereby

avoidingtheir disposaland optimizingtheir resale value. Failure to accomplishthese

objectives results in incurringdisposal costs and_orcostly materials processing. For

example, a decision to commingle paper with glass in collectionor processingmight

sufficientlycontaminate the paper so as to adversely affect Its mad(etabliity. Or, for

example, an investment in plastic granulator equipment might reduce transpurtailon

costs, but mightreducethe value to certainend-userswho would he unable to 6acertaln

the levelof contamlnamsin the matedal.

o Coflec_ion a#ematives avail:_lA. Unlike most other solid waste management

alternatives,materialsrecyclingcan greatly affect waste collection methodsand costs.

In general, greater source separation requires different approaches to collection thai

dirsctly affect productivityand costs, it is essential thai the incremental costs and

potentialenvironmentalimpactsof these differentcollectiontechnologiesbe considered

in program analysis. Also, certain collection-related Imitalions must be considered,

includingpopulationdensity issues, traffic congestion, noise, safety, fleet maintenance

reeds, and parking needs.

O Co_ibililv with other components of the k_:_l solid w:_'le rrmnaaement system.

While the U.S. EPA hierarchy (295) favors recyclingover combustion and lano'filling,lt

also contemplates that ali four waste management optionscomplement one anotherto

safely and efficiently menage MSW. Recycling"is_ meant to be rigidlyappliedwhen

local unique waste and demographic characteristics make source reduction and

recyclinginfeasible"(295).

o overall nrooram cost_ The overall cost of alternativeprogramsmust be assessed; this

includescollection,processing,resale, and publiceducation.
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o publiceducationstr_eaie_. The implementationof a recyclingprogramrequiresan

Initialprogramto educateali involvedpartieson acceptablepracticesandthe needto

implementthem. lt is likelythatthe educatk)nprogramwill needto be oontinueclto

eosta_nor to w_pmverecyr.,_performarce.As a compank)nto ed,catk)n,new
and_m__ _ mustN mn_/_.

F..1.2 CurTIm Status _r R_lln0_ intha U.S;.

An estimated13 percentof the MSWgeneratedinthe UnitedST'-_Qswas recoveredfromthe national

waste streamfor recyclingin 1988 (774). This numbe_represera;contdbutionsfrom commercial,

Industrial,and householdsources, sparmingrnate_,alsrecovery/recyclingfacifltles_ cud)side

collectionprogramsas well as bottlereden_n, drop-off,and buy-bad(centars. Recyclingin this

contextrefersto the mater_isrecoveredfromthewastestreamasopposedto thelessor amount

actuallymadeintonewprodu(ts. TableE-2 Indicateshowthe entiresolidwastestreamhasbeen,and

willlikelycontinuetobemanagedfortheperiod1980-2000(774, .'r)'6).

Table E-3 ItemizesmaterialsrecoveredfromMSW in 1988 and the percenta_ that each recovered

wastefractionrepresentsof that generated(774). _._¢_,:eappmx[_'nate180 mil,_on_onsof materials

recycled,almostone-fifthis paperandpaperboardp_,J=ts. This_Jantityrepresents_ 26 percent

of paperproductsgeneratedas waste. Althoughrepre_,;antingsm_Agerabsolutefractionsof the overall

wastestreambyweight,glassandmetalsare materialsprOh-,E;_,_r_[lyrecycledwith12 and 15 percentof

virginmaterialrecovered,respectively. Based on projectionsfor recyclingby respectiveIndustries

rnanufactudngthemajoroommod_componentsofMSW.thegoalof25percentrecyclingbythe
mid-1990smaybeachievable(777).

For the resldentially-generatedcomponentof MSW,one significanttrend is the emergenceof greater

mandatoryor voluntarysourceseparationof recyd_ materials.Theseso-called"curbsideprograms"

requirethe participationof residentsto separaterecyclablematerialsinto one or morefractionsfor

collection._ magazinereported(778)that,in t989, 1,042curbsideprogramsexistedin35 states

(TableE-4). Them hasbee_ considerablegrowthsincethattimewiththe irr_mentaflon of ambitious

programsinNewYorklFlorida,Ca,forrda,Ohio,andotherstates.
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TABLE E-2. HOW U.SLWASTE IS MANAGED (776)

1_0 1986 1988 1_p5 2000
eeqlollelqDoeeeeo eeQ_eeeea) eellee Ileeeeqi_llbeQlee

tam (1) _; ton_ (1) _ tom (1) X tons(1) _ to_ (1) Z
e m _ imoeee_o_o eeeoe_e e I _ m o e _eaie_ e_ eeee_eeee_iD_eeeeeoeee_qm0_eooee eeo e ee_ _oeee e o o_ e_ e e _ _ eeee _ e _ _

RecycLing (2) 14.S 10 18.3 11 Z3.S 13 48.3 24 54.4 25
Wllsto- tooEnergy 2.7 2 9.6 6 24.5 14 45.0 23 55.0 26
Incinerllt|on (3) 11.0 7 3.0 2 1.0 2 0.5 0.3 0.1 <.1
Llmclf| I,t 121.& 81 136.5 82 130.5 ?3 106.0 53 106.5 49

lille o lD oo°l omeo_ _.mo° o.e_ e_o oo.m_ .e_ll ot._Q. _lbll o

149.6 100 167.4 100 179.5 100 199.8 100 216 100

(1) ALL tam in nitttom of TPY.
(2) llCyotlng ulld in this context roferl to mtilrlall recovered from the iu.lte

s_reen as qupolod to tho touer Imunt mode |nt_ new produces.
(3) |noineratton without energy recovery.

_m____ _ _ _.--_-m J_L__ _ _--_-__--_--__ E- _ __M_i

TABLE E-3. MAlT=RIALS RECOVF.J:IEDI1_,THE U.S, 1988 (774)

t

Amount Amount % of
Generated Recovered Material

(i) (I) Generated

Pa_er and Paperboard 71.8 18.4 25.6
Gla_s 12.5 1.5 12.0
Me_als 15.3 2.2 14.4
Plastics 14.4 0.2 1 •4
Rubber and Leather 4.6 0.1 2.2
Textiles 3.9 0 0.0
Wood 6.5 0 0.0
Food Waste 13.2 0 0.0
Yard _aste 31 •6 0.5 1.6
Other 5.8 0.7 12.1

To_al 179 o6 23.6 13. *I

(1) In millions of tons.

wTo CORPORATION E-7



TABLE E-4. CURBSIDE RECYCLING PROGRAMS (778)

• i iii i i li li

NmOl' Smad Manlory
i iii

3 N/A 2 1 0 3
AI( 0 .....
AZ 1 WA 1 O 0 I
AR 2 10.000 2 0 0 2

82 3.3OO.OOO82 0 0 82
CO 2 M/A 2 0 0 2
CT 24 N/A 18 8 12 12
IX 0 .....
0C 0 .....

8 WA 1' 1 o 8
GA UI N/A ....

•- Hl 0 .....
lD 0 .....
ii. ;5.,. WA 28+ -- 0 2S.
tN 9 N/A Sl 0 ;J .Sl
tA 1 18.000 1 0 0 1
X:S 0 .....
ICY 0 .....
LA 3 I00.0o0 3 0 0 3

2 25.000 2 0 1 '_
M0 5 WA S 0 0
MA 7 WA 4 3 N/A _
MI S+ N/A N/A N/A 0 ._._
I 93 H/A 87 6 I 8"r
MS 0 ......
MO 8 H/A 7 1 0 8
MT 0 .....
HE 2 N/A N/A N/A 0 2
NV 0 .....
Nii 2 30.000 2 0 0 2
NJ 439 NOA q9 0 439 0
I 0 .....
NY LINK .....
NC 3 18.000 2 1 0 3
NO 0 .....
OH 13 t75.000 11 2 0 13
OK I -- I -- -- 1

108 2.8OO.0OO108 0 0 106
PA 141 1,300,000 75" N/A 55 86
Hl ! 3X).OO0 $ 0 ! 0
SC 2 NOA Z 0 0 2
80 0 .....
TN 0 .....
l'X 2 100,000- .2 0 0 2
UT 0 .....
VI"" 1 10,000- 1 0 0 1

4 N/A 3 1 1 3
W_ 4 800.000.,. 4, 0 0 4
wv 2 N/A 2 0 0 2
M 80-*. _A 37 13.*, ? 43
WY 0 .....
TOT:I. 1042 8.4410.000I 38 8!9 5o4
'P_mm ',I _lO Qr_ mifi.
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E.2 TECHNOLOGYDESCRIPTION

FigureE-1depk:tsseveraltechnologyoptionsfortheseparationand(:olh)ctionof r_s thaifeeda

MRF. The characteristicsof the MRFfeed streamaredirectlyrelatedto theprocessesutilizedinthe

MRF. Forexample,highlyueparalKImaterials(streamsA, B, andC) will requireminimalprocessing.

The followingsectionsdiscussthe (x)mpletesourceseparation,_ion, andprocessing_nts

o_a materialsrswvery program. Case studiesare provided1o Sustratethe recyclingoptions,as

mpmpdale.

Recy_ can be eithersourceseparatedby residentsandcommercialbuslnemmsor theycan be

mixedwlm the non.recyclabieMSW. Sourceseparationretemlo the segregationof mcyCabkD

componentsfromthe non-recy_ portlonof MSW ttm0uOhtheuse of one or moreplasticbinsor

bags. (Plasticoont_ are waleq)eoofunlikepaper bags and cx)rnJgatedboxes.) The specific

rnatedals_ _e recycledand the degreeof sourceemparmlonrequlredare definedby the recycling

program.__¢s areselectedbasedontheavanab,ty andre,abilityof markets.

The separ_ methodlele:'oiedwill have a directinfluenceon the effecUvenessof the recycling

program. C,_ speaklng,the lem resUem have lo do lo mn_ wlth the r_ program

requirements,the more Ikely they are to _ (265). In additionto the degree04 material

separation,the _-_greeof householdpre_ o_ the materials affects both the perc_ived

_convenienceot panL_paitonand the marketvalue of the recyCab_ (264). The fining of ali

contamm, _ of metalcapsfromgins cormmm, andtheremovalo( labelsfrommetalcansali

postivelyaged the marketvalueof the woduc:ts.Suchrequirementsmay also make recyclingtoo

irxx)nvenientforoertaJnresidents,_ resultingIna significantdecreaseIn pmtldpatton.Thus,the

trade-¢_ between_ andnu.ket val.e rnustbe(:omldemd.

A publicaltJleJde_ (x)lxJuctedInNewYork'sOneidaandHerklmarcountiesfoundlhattheperceived

ilx:on_nien_ of rec_Ing increaseswiththe _ oqsepamlonand preparationstepsnlquested

(339). Thesunmyalso_ thatmostresidentswereu_ to makemorethantwoseparations

from their mixedwaste. Researchhas shownthal the INUtlc¢_ rate doubleswhen recycling

comaJnemare providedIn residents,Ixn the INUtlclp_ nne doesnot ne_y increasewiththe

numberof _i oontalnemprovided(334).
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Obviously,the mostconvenientsourceseparationrecyclingschemefromthe residents'-perspectiveis

wherealithe recyclablesare mixed(commingled)inonecontainerforpickup at thesource(curbside),

leavir_ any furthermaterialseparationup to eitherthe collectioncrewor to a MRF. A commingled

recyclablerequirementisgenerallybelievedto maximizepublicparticipation(265).

An alternativeto sourcesepar_'_ i_ to leave the recyclablesintermixedwiththe MSW and remove

them,forexample,ina fronten__ss i:xiorto a massbumsystem.Thisoptionrequiresa substantial

amountof processingat the MRF to recovertherecyclables.Thegeneratorparticipationrateis nota

_ncem withthismethod,sincethe soleresponsibilityformaterialrecoveryis onthe mixedwasteMRF
itself.

E.2.2 _.,ollec-tlonof R_c'vclablas

Recyclablescanbeeitherdeliveredto a drop,offcenterorbuy-backcenter,orcollectedfromthepointof

generation,at cud)side. Again,the methodusedwill influencethe effectivenessof the recycling

program.

E.2.2.1CurbsldeCollection

Collectioncan accommodatemany degrees of source-separatedmaterials.When the generator

separatesrecyclablesintodiscretepm(kct-specificcontainersat cud)side,collectioncrewscan simply

loadeachmaterialintoits owncompartmenton a speciallydesignedcollectionvehicle. In programs

wherethe generatorcomminglesali recyciablesintoone binwithnewspapersseparatelybagged,the

collectioncrewtypicallysortstherecyclablesat curbslde.Aitematively,thecommingledrecyclablescan

be transportedto a MRFwhereseparationwilltakeplace.

Combinationsof theseapproachesalsoam possible.Forexample,residentialwastegeneratorscould

be requiredto separateglassgenerically,andthecollectioncrewwouldsortglassintoitsclear,green,
andbrownfractions.

The specifictype of curbsidecollectionprogramselectedwill be a functionof the community's

demographics,theavailabilityandreliabilityof processingfacilities,the typeof collectionvehiclesused,

andcommunityvalues(258). If the materialsare to be directlymarketedinsteadof beingprocessedin a

MRF,they mustbe eitherseparatedintoindividualcomponentsby the generatorsor by thecollection

crew. If t__ materiaisare to be processedin a MRF,thecomplexityof the MRF (i.e., itscapabilityfor

materialseparation)willdeterminewhetherthe incomingmmerialscanbecommingled.

wTe CORPORATION E-11



The day andfrequencyof collectionalso can affectthe participationrate and tl__totaltonnage recycled.

Weekly, bi-monthly,and monthlycollection frequencies may be valid choices. The most convenient

arrangement is for recyclablesto be collectedon the same day as the mixedMSW. Bi-weeklycollection

may b..= lesscostlythan weeklycollection,but it can reduceprogramparticipationdue to confusion and a

lossof the perceived"mandatoryimpact', sincethe mixedtrash would most likely be pickedup whether

or not the household participated in the recycling program (325). The collection frequency will also

influencethe size of the collectioncontainerrequired.

The use of dedicatedrecyclingcontainershasthe followingadv._¢ages(334):

o They make sortingand storing recyclablesin the home convenientand their presence is

a constantreminderof the needto recycle.

o The presenceof containers at curt)sideon collection day raises awareness of recycling,

and maycreate a "peerpressure"that encouragesnon-participantsto recycle.

o Dedicated recyclingcontainersare easilydistinguishable contributingto the efficiencyof

the collection process. The efficiencyof collectioncan alsobe increasedif residents put

outfull containers.

o Constructed of plastic, they can resist the degradation that befalls paper containers

whichcan resultinscatteringof recyciablesand increasedcollectiontime.

An alternativeto the conventionalcurbsidecollectionbin method is known as the "blue bag" co-collection

system. Underthismethod, recydablesare placed in a speciallycoloredplastic bag (typicallyblue) and

placedat the curb withthe remainderof the trash. The bags are collected in the same vehiclethat hauls

the trash, eliminatingthe need for separate collectionby specializedvehicles. The bags are separated

fromthe mixedwaste at the receivingfacility,and transportedto a MRF. This option is effective only if

the MRF is locatedin closeproximityto the disposalsite to minimizetransportationcosts.

The advantages listed for the use of recyclingcontainersalso applyto special plastic bags. S|orage in

the homemay not,however,be as convenientwithbags as with a rigidcontainer.
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Theadvantagesof curbsidecollectioninclude:

o Lowcapitalandoperatingcostsforprocessingif materialsam highlysorted

o Negligibleteclmloairisk

o TypicallyhighqualityofrecycledmaterialsHmaterialsamhighlysorted

o Higherpartkdpatlonby generatorsthan _fl centersdue to the convenienceof

cud:sldecollection

o Flexibilityinrespondingto _s k0wastecompositionorparticipationrates

o RexibilltyInchangingtargetedrecyclablematerials

Thedisadvantagesofcurbsideoolledioninclude:

o CollectioncapitalandO&Mcostsare high,expressedon a percollectionstopand per

tonbasis. Operatingcostsforcurbsicle__,_'ngby collectioncrewsare higherthanfor

coBedionof Intensivesourceseparatedrnate,;am

o Participationratesfor sourceseparationmay be low due to the behavloralchange

requiredbywastegenerators

o Practicallimitationson the numberof compartmentson vehicles(alongwith sorting

participationand collectioncosts)restr_ the degreeof separationpossibleat the

cud)side,therebyrequiringfurtherprocessingattheMRF

o To standardizeset-outs,communitiesor privatecollectioncompaniesnormaflyprovide

each householdwithone binfor each separationrequired.Thisaddsto the program

costs. In addition,thereislimitedexperienceon the longtermdurabilityof recyclingbins

oronvandalismandtheftrates
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No comprel_nsivesurveydata am availabk)on U_enumberand perlonnanceof curt)sidesorting

programsin the UnitedStates. However,Snow(327) conductedan In-depthsunmyof 24 sample

programsin 1989; data are summarizedin Table E-5. The studyindicatesa varietyof materials,

separationapproaches,collectiontechnklues,andpublic/privatecontractingarrangements,lt appears

thatwastereductionof 10 to12 percentisattainable(327).

Powell(669) has reportedthatas of early 1991 about2,000 U.S. cormnunitlescollectrecks from

residences,andthatthe major#yof theseprogramsrequiretheseparmionof paper,bottles,andcans.

Thetrend,however,appearsto betowardthe¢on_ling of recyc_:_s in onebinatthecud)followed

byseparmtonata MRF.

E.22.1.1 NewJersey Pmamms. A studywasconductedin 1990 on 12 NewJerseyrecycling

programsin communitieswhosepopulationsrangedfrom5,000 to 300,000 residents. The survey

resultsampresentedinTablesE-6and E-7 (669).
I

The resultsshowthat theaverageoverallcostof a progromusingthe commingledcollectionscheme

was41 percenthigherthanthatof a programusingcompletematerialseparationdueto thehighcostsof

therequisiteMRF. The recoveryforcommingledcollectionprogramswas15 percenthigherthanthaifor

completeseparationsystems,probablydue to lowerparticipationbecauseof the Increasedset out

requirements.Conversely,thematerialrevenuesfromcompleteseparationprogramswere higherthan

thosefromcommingledprograms,a factMtrU:utedto lessglasscontamination.Additionalsurveyresults

ampresentedinTableE-8. Theseresultsareaveragevaluesforbothprogramtypes.

E.2.2.1.2 San Jose.California. Aspartof a e._omprehensivewastereductionprogram,theCityof

San Jose,California,hasconductedan Intensivecud:siderecyclingprogramsince1986. As of AprU,

1989,mcyclableswerecollectedfrommorethan70 percentof thecity's180,000households,diverting

morethan 10 percentof the residentialrefusefromthe landfill(334). Residentialgeneratorsset out

threeseparatest_ bins,onecontainingbl-metalandaluminumcans,onecontainingmixedglass

containers,and one containingnewspapers.A privatehaulercollectsthe materials|na dedicated,

three-binvehiclefortransportto a MRF.

SanJosereportsthatapproximately57 percentof householdsservedbytheprogramactuallyparticipate

(291), althoughno datahas beenreportedon estimatesof materialcaptureratesfor the participating

households.TheCityof SanJoseestimatesthattheprogramrecyclesabout22,000tonsperyear.
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TABLE E-6. COMPARISON OF CURBSIDE RECYCLING OPTIONS (669)

CcmDleteSeparation

Household Lessstoragespace needed More storage spaceneecled
Fewer containersto setout More containerto set out

At the curb Fewer containersto dump and More containersto dump and
returnto curb . returnto curb

Quantity Moreweightper container Lessweight per container

InTransit Bettertruckutilizationcan rene Poorertruckutilization,shorter
longerroute before unloading route beforeneeding to unload

Unloading Lesstime needed More time needed
_/

Processing More costly Less costly

Residue Moreresidue (15 to 30 percent) Less residue (5to 10 percent)

TABLE E-7. COMPARISON OF NEW JERSEY CURB_E COLLECTION PROGRAMS (669)

CornDleteSeparation
Averagecost of collection
and processing $129/ton $91/ton

C<dlectioncost savings $10.$15/ton. $0

Processingplantfor
completeseparation $0 $63/ton

Average recovery,
Ilo/capita/y_ar 171 148

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

Hauleroperatedprograms 4

Municipalityoperatedprograms 8
Collectionefficiency 125-500 Ib/capita/yr
U_nloadingtripsper day 1.5
Average householdcost $23/yr
Average householdsservicedper day 330
Average householdsper stop 1.2
Collectiontime atcurb 59 seconds/stop
Travel between stops 45 seconds

Unloading
Roundtriptransittime 15 minutes

Set up forunloading 9 minutes/trip
Unloading 15 minutes/trip
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E.2._.2DmD_offCenters_

Drop-off centem are centralized locationswhere a specifiedclass of waste generators,typically

residentialgenerators,may Voluntarilybringcertain recyclablematerials. Generatorsare not

compensatedformaterialsdepositedat a drop-offcenter.A _ centercanbeas simpleas several

smallcapacitycontainemthat temporarilystorethe materialsfor regularpickupandtransportationto

marketor a central consolidationfacilityor it can consistof the centralconsolidationfacilityItself.

Because ixoO_JnSof thisnaturearevoluntary,participationis oftenpoor. However,participationcan

be enhancedby publiceducation,economicincentives(e.g., kcoqx)mtinga buy-beckfeature),and

ordinancesthat increasethe difficultyto othenilse disposeof recyclablematerials. Both buy-back

centersanddrop-off(_nters seldomcaptureasmuchas 10percentof thewastestream(547).

Prosser(185)recentlyprojecteda 20 percentrecyclingratetorglasscontainersinthe UnitedKingdom

basedon collectionat voluntarydropoffcenters, lt was notedthat this recyclingrate c_n onlybe

achievedbyincreasingthedensityof drop-offsitesto 1 per2,000 householdsor greater. Also,in 1990,

the EPAnotedthat inthe U.,5.,approximately20 percentof glasswas recycledbasedon ali .rec,3cling

sources,notjustdrop-offsites(777).

The physicallayoutof a drop-offcenter variesby location,the volumeand numberof recyclabie

rnatedalsWoceesed,andlevelof supervision.A conventionaldrop-offcenterwouldbe centrally-located

withina serviceareaand providebinsor compartmentalizedcontainersfor wastegeneratorsto deposit

recyclablematerials. To ensurematerialqualityandpublic safetyas well as to preventscavenging,

maw drop-offcenters have controlledaccess, limited hoursof operation, and am monitoredby

attendants.Oncea sufficientquantityof a materialhasbeencollected,itcanbe shippedto end-usersor

intermediariesinthecontainerinwhichit was collectedor, mornoften,transferredto a largercontainer.

Correctsizingandtypeof containersare keydesignfeaturesto address,alongwithtrafficaccessand

security.

The smallestdrop-offcentermightbe a neighborhood"kiosk-like"or igloocontainer,unattendedand

convenientlylocatedto maximizeits use. These containerstypicallyare satelliteoperationsfor a s

centralizedfacilitywhere further consolidationand mpackagir_would occurto achieve maximum

quantitiesfor resale. Howeverconvenient these unattendedcontainers, they am vulnerableto

contamination,odors,vectors,andvandalism,asidefromaddingadditionaltransportationand handling

costs. The Successfuldevelopmentand implementationof drop-offprogramsis highlydependenton

otherprogramfactorsand localconditions.
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Advantagesof drop-offcentersinclude:

o Lowcapitalandoperatingcosts

o Notechnicalrisk

o No mandatory change in waste generatorbehavior

o Flexibilityinrespondingto changes inwaste concositionor participation_es

o Rex_JJtyJnchangingtargeted_ materJa_

Disadvamagesof drop-offcentemInckide:

o Lower particCatton rates due to the voluntary nature of the program and the

inconvenienceassociatedwithsortingandtrar_ng materialsto a remote location

o Low quant#kmof materials collectedthereby limitingmarketingwith respectto price and

prospectiveusers

o Lowqualityof materials,especiallywhencenterIsunattended

A flmited survey conducted by _1_ in 1988 (779) is reproducedas Tables E-9, E-10, and E-11,

illustratingthe scope and performance of selected drop-off programs nationwide. Convenient siting,

more efficientequipment,public education,and economicIncentiveprogramsare cited as key elements

in successfulprograms(779).

E.2.2.2.1 Wolleslev. Massachusetts. A longstanding,successfuloperation is in Wellesley,

Massachusetts,a communityof27,000 k)cated southwestof Boston.Thistownhascapitalizedon the

logistical paUerrm of residents by establishing a drop-off center at the town's transfer station, the sole

location for residentsto disposeof MSW (no municipalcollection is pmvicled). Residents are abkDto

recycle old newspaper (ONP), old corrugated cardboard (OCC), mixed paper, three _aors of glass,

aluminum cans, ferrous bimetal cans, high density polyethylene(HDPE) containers,waste motor og,

tires, batteries (automotiveand household),scrapmetals,wood, yard wastes, books, clothing,and bulky

wastes at an attandedcenter comprisedof 8ssortedbins and roll-offcontainers. In 1989, approximately

19 percentof wasteswere recycledand thusdivertedfromthe adjacenttransfer station(291).
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TABLE Etl. DROP-OFF PROGI:IAMS - GENERAL CHARACTERISTICS (779)
,li

e_
# of Po_ 5_c#/ M_ Parti_poxio_

P___, Sitas Sits CoUsct,ed Rate

 p=gn Co.,In m,ooo zs 3,ooo-zo,oooN,G,A,T, -
HDPE, OCC,
MO 18%

ColumbiaCo.,PA 50,000 17 3,000(Ave) N, G, A, T,OCC °,5-30%
Cook & I_dceCo.,IL 270,000 18 N/A N, G, A, T N/A
DelawareCo.,PA 500,000 50 10,000(Ave) Glassonly 25%
Durham Co.,NC 120,000 I0 10,000-15,000N, G,A 8%
FairfaxCo.,VA 75,000 8 NIA N, G, A, BI-M 10%
Kent/OttP.waCo.,MI 650,000 30 NIA N, G, A, T

HDPE, OCC 4%

SantaMonica,CA _0,000 66 Up to2,000 N, G, A, T _8%
SnohomishCo.,WA N/A 15 1000-2000 N, G, A N/A
Wayne Co.,NY 30,000 4 NIA N, 'I, OCC NIA

-- -- i111 ii ii

..

Key:. N-Newsprint A--Aluminum BI-M--Bi.Metal
Cr-_h_ T-Tin & Bf.MetudCam OCC-Corrcgated Car_oard MO-Motor Oil

TABLE E-10. DROP-OFF PROGRAMS- AMOUN11 OF lt_TERIALS RECYCLED (7"i0)
ANNUAL TONNAGE

All Ns_o-s _ Alumi'a_ra Pin Othsr#
M_

(To_) To,_ % Iba= % Tcr_ % _ % Tosa %

C_mmFaig_Co., IL 1000 750 75 160 16 5 .5 15 1.5 70 - 7
(OCO

CohzmbiaCo.,PA 469 _ 58 88 ,19 6 1 19 4 85 18
Cook & Lake Co., IL 7140 5800 81 1200 17 75 1 6,5 1 - -
Delaw-areCo.,PA 1800 -- -- 1800 160 ......
DurhamCo., NC 1200 900 75 300 25 ......
Fairfa.xCo., VA 10_X) 721 72 271 _ ......
Kent/OttawaCo.,MI 3200 2225 70 669 20 1 - 158 5 157 5
Santa Moniea, CA 1398 1032 74 _M) 25_ ......
Snohomish Co., WA 233 67 29 159 68 7 3 ....

_ ___ ,,,

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

Stow=
T_ C_ C_ C_.w Co_

_at_ Contaeun. Sits g_ 5izs ,v,_

Chaznp'aig'nCo.' Compartment 15 _..40 cy Multi-lfffJlugger 1 '" l/wk-1/mo' '
container/ truck& van
lug_?r& barrel

ColumbiaCo. Shelters 7 cy Van 2 2-3/wk.I/wk
Cook & Lake Co. Compartment NIA Multi-lift NIA NIA

container

Delaware Co. Dome 6.6 cy Tracer & 2 l-_wk
tr_er

Durham Co. Shelters Up to21 cy Flatbed/forklift 2 1/wk "
FaiffaxCo. Roll-off 120cy Tractor & I I/wk-rnax.

U-after

Kent & Ottawa Co. Roll-oR',bins& N/A Straight 2 3/wk-1/wk
barrels truck/van

SantaMonica Bins 6 cy (atleast)Truck& rxailer 2 _wk (atleast)
SnohomishCo. Dome 16cy Truck& trailer I 1/10-14days
Wayne Co. Bins 12-24cy Packer I I/2wks.
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E.22.2.2 Coqcord. New Hampshire. A municipally-sponsoredoutdoors drop-off center has

been in operation at the Concord,New Hampshire landfillsince 1989. Opened by a_l attendant twice

weekly, residentsof this 35,200 person citycan deliver ONP, OCC, aluminum, three colorsof glass, and

ferrous containers. The City providesweeklycollectionof residentialwastes to its residentsas weil. In

the first fullyear of operations(1990), thiscenter pmceued 547 tons of materials,representing1about 2

percent of the overall residential and commeru_J .w._.3alegenerated annually, or 4 percenl of the

residentiallygem)rated MSW. A pilotcurbside recycqngprogramwas initiated in ;9.qi for _ximately

one-fifthof the Ctty's householdswithout any material impact on the qur.ntityo; materialsreceived at the

drop-offcenter (780).

E.2.2.3 Buv.Ba¢_ Centers

-- Buy-backcenters are similarto drop-offcenters, with the exceptionthat the ger_,ratorsare paid for the
rnatedalsleft al the center. However, the quantityof materials recycleddoes not necessarily increase if

compensation is !_:,_'._,k:led.• A study was conducted in Washington State in which four methods of

recyclingwere test_ :. weekly curbside collection, monthly curt)slde collection, drop-off center, and

buy-backcenter (764). The studyfound that the buy-beckcenters had the lowestparticipationrate and

accordinglycollected the least amount of materialsof the four collection methodsused. Because they

are selectivelypurchasedfrom customers,the qualityof buy-back center materialsis generally very high.

The materials do not require further processingother than consolidationfor shipping, and therefore are

usuallyshippeddirectlyto marketand not to a MRF.

E.2.2.4 _llectloq Vehicles

Recyclables can be collected by conventionalwaste collectionvehicles, standardcommercial trucks,or

speclalb,ed recycling vehicles. Conventional waste collectionvehicles usually requirefittingwith trailers

or racks for transportingcom,mingled materials. For reasons of productivity,the number of separate

compartmentson a specialized recyclingvehicle is usually limited to a maximumof five or six. In order

to avoid damaging the recyclables, these truck bodies typically do not compact the materials. The

specializedvehiclesusually have a lowprofilebody for ease in fillingthe compartments. The degree of

sorting that can be accomplishedat curt)side is somewhat limited, if glass is a target material, then a

product with gre_ter quality and quantity can be recovered if it is sorted into three discrete colors at

curt)side. Separation of glass into its three colors would mean that ali other containers (e.g., ferrous,

aluminum,and mixed plastic) and paper (e.g., newspaper, corrugated, and magazines) would occupy

the remainingtwo compartments in a conventionalfive-compartmenttruck. Table E-11 includesthe type

of vehicleused inten sample collectionprograms.
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E.2.3 MMerlal Rocovllrv Fiellltkm

The term "materialrecovew facility" (MRF) includesa broad range of processdesignsand technologies

ranging from simple, predomirmntlymanual sortingand repackagingfacilities('low tech') to complex,

highly machardzfd processes thai separate, beneflciate, and repad_ge a wide range of recycl._le

componentsof kCSW('high tech') (181,316, 339, 774). In additionto the level of technology used,

MRFs cP.:, also be classified by the degree of separation and preparation incorporated, which is

determinedby the characteristicsof the materialsracelved and the productpurityrequiredbythe market.

The level of technologyused is pd_ a functionof the requiredfacilitythroughput. At lowthroughput

rates in the range of 2 to 3 tons per hour, a simple low tech 1:¢ocessis sufficient(339). At higher

throughlxatrates, a high tech process is room appropri_e. Table E-12 lists ali existing and planned

MRFs throughoutthe U.S. as of 1989 bystatusanddegree of mechanization(386).

E.2.3.1 MRF V_ndom

Table E-13 identifiesthe owners, operators, and designers of the MRFs in operation, oonsmction,

shakedown, advanced planning,and concept stage. Over 50 percent of the owners are private, and

approximately80 percent of the operatorsare private. Private owners and operatorsare typicallythe

MRF systemvendor, as indicated in the table. As shownin the table, 34 of the 62 MRFs (55 percent)

use the technologyof only seven vendors The remaining28 MRFs ali have uniquevendors. Waste

Management of Pk)rthAmerica, Inc., with one facility in construction and thirtesn in operation, has the

most facilities by far. Second is Browning-Ferds, lhc with a total of five facilities, followed by

RRT/Empire Relurns, Resource RecoverySysteme, Inc., and New England CRInc, ali with four. REI

DistnZxdorsand ReuterRecycling, Inc. round out the top sevenwithtwo facilitieseach.

E.2.3.2 Low Technoloq_yMRF.I

Low technology MRFs use pdmadly manual labor to separate the feed stream into its individual

components. Such a system usually consistsof a series of beltconveyors from which recyclabiesare

manually removed. Mechanicalprocessingis usually limitedto magnetic separationfor ferrous removal

and volume reductionequipmentsuch as a baler,glass crushers,and an aluminumflattener/blower.
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E.2.3.3 Hiah Tactmoloav MRFs

MRFs employinga highly_ed processline have been developedfor processinglarge quantities

04 re¢_ from commingledfeed streams. Several vendorssuch as New England CRInc, Waste

Management, Inc, and Resource Recovery Systems (RRS) offer automated MRFs that minimizethe

manual labor required. New EnglandCRInc is the exclusiveNorthAmerican licenseefor the technology

developed by MaschlnenfabdkBeznerof Ge_. Twenty MRFs using the Bezner process am in

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

BRINI system.

E.2.3.3.1 Jahnston. Rhoda Island. The Johnston, Rhode Island MRF, owned by the Rhode

IslandSolid Waste ManagementCorporation(RISWMC), was designedand is operated by New England

CRInc (CRInc). As an exampleof an automatedMRF, the processis shownin Figure E-2. This facility

was designedto process 130 tons per day of commingledrecyclablesreceived in co-collected,separate

fractionsof mixed paper (ONP and OCC) and mixed containers(ferrous, HDPE, PET, three colorsof

glass,and aluminum).

As of 1990, the facilitythroughputwas increasedto approximately200 TPD by operatinga secondshift.

Mixed paper is removed from the tip floor and manually sorted on conveyors prior to baling into its

constituent fractions. Commingled containers are loaded onto a comix_er-regulated conveyor that

senses the quantityof materialsfed per lineal foot in order to maintaina steady feedrate. Ascendingto

elevated separationstations,material is initiallyvisuallyinspectedfor grosscontaminantsand hazardous

materials,which are removedmanually. After magneticbelts separate ferrous materials,the remaining

fraction cascades downwardson the conveyor and through a series of suspended metal bars that,

relying on the weight, particle size, and aerodynamicdifferences of aluminum and plasticcontainers

separates them from glass. Also, due to gravity, glass continuesdown the line with other containers

diverted to either side. Glass is screened, with the overs manually sorted by color and the unders

remainingas mixed cullet. Clear glass overs are negativelysortedand visuallyinspectedto assure high

qualityof this most valuableglass color. Containerson the diverted line pass through an eddy current

separatorto remove aluminum,and plasticsare manuallysortedby resintype.

Materialsare preparedfor marketas follows. Ferrousis shreddedin a flail mill (whichalsoremoves and

separates the aluminumtops of bi-metal cans) and is containerizedin looseform. Aluminumis shipped

similarlyafter passingthrougha can flattener. Glass is crushedand boxed or shippedloosein truddoad

quantities. PET is perforatedand baled, while HDPE is shreddedand shipped in gaylord-slyleboxes.

Papers are baled.
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TheRISWMCfacilityhasexperienceda highon-llnepedo_. Residue,prirnadlymixedglasscuUet

fromthe screenunders,is.estbnaledto be 10 percentof Ihe dailythmu_. Opera,rigrnanaoemert

envisionsexpansionofinteriorslor_eandUppingfloorroomto_e maneuverab_/andr,medaJ
cUmallcWotectlonInthis40,000squarefootbuik:Ung.
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FigureE-2. Johnston,RhodeIslandMRFProcessPlan
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E.2.3.4MRFPrncemdnoHlOhlySenaratedMaterials

Infeed materialsfrom drop-offcenters,buy-backcenters,and cud)sidecollectionprogramsrequiring

complateseparationgeneralydonotrequireextensivepc0cessinoto preparethemformarkets. MRFs

Woc_ suchmaterialsmay act more like consolidationfacilities. Drop-offcentermatedaismay

requirestepsto eneumpro(k_ quality.controlsincecorUndnMionmayhavebeenint_ M either

the sourceor the center. Buy-backcentermaterialgenerallydoesnotend up at a MRF uniassthe

IxJy-backcenterispartoftheMRF.

vehiclesdelivermaterialsto the centralizedprocessinglocation,whereseparmedmaterials

areconsolidatedinlargercontainersor otherwisepackagedforresaleandshipment.Dependingonthe

quantityandtypeof materialcollected,lt maybe desirableto Investinspecialrepackagingequipment

suchas paperandplasticbalersorglasscnJshers.Irltheeventthatcertaintruckcompartmentscontain

conwdngledmatedaisrequiringseparation(e.g.,mixedcontainersor mixedpaper),furthersortingcan

be doneeithermanuallyor, if quantifieswarrant,manuallywithmechanicalassistance. Forexample,

sortingof mixedcontainersmightwarrantchannelingof materialsonto a conveyorfor magnetic

separationof ferrousmetalsandthenmanualpicidngof aluminumandplastics(mixedor by HDPEand

PETfractions).Forsmallvolumes,anexistingdrop-offcentermightserveasthe centralizedprocessing

center.

E.2.3.4.1 Oelmre Recvc|lno_,entem. In late 1990, the DelawareSolid Waste Authority

(DSWA)contractedfor theestablishment,_peration,andmaintenanceof a statewidesystemof drop-off

centersandthe marketingof the prodtx:ts(770). TheDSWAhadan initialgoalof 50 operatingcenters

by the end of 1991 and 100 centers by the end of 1992. However,because of active citizen

participation,80 centerswereestablishedandinoperationby the endof June1991 (904). Anadditional

10 satellitesitescontinueinoperationfor thecollectionof dear, green,andamberglass.

The drop-offcenters, locatedwithina 5-mileradiusof most homes,use coior-codedigloosfor the

collectionof separatedrecyclablematerialssuchas glass,ferrousmetalcans,nonferrousmetalcans,

plastics,newspapers,usedmotoroH,andbatteries.Browning-FenisIndustriescollectsandmarketsthe

materialsreceivedat the centers. A centrallylocatedfacilityfor storing,sorting,and shippingthe

materialsprovidesthe necesaryconsolidationsystemsforeffectivemarketingof recycla_asas wellas

productenharcementto removecontaminants.
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E.2.3.4.2 SanJgoa.CallfomiL SanJose'sthree-bincolk)ctiontrucksareunloadedsuccessively

at the processingfacilitywherea conq_erized scaleenablesthe vendor,Waste Management,Inc.

(WMI)to recordtonnageiNom_ion by loadandby wastefraction. Newspaperis baledforshipment.

Glassis hand-sortedby colorandcontaminantsare removedon a conveyorpriorto containerizationfor

shipment, insteadof densificationin a glasscrusher,WMI relieson naturalhandlingWoce(_resto

densifyglassfromitsoriginal300 poundspercubicyardto about1000 poundspercubicyard. Metal

containersareseparatedimoferrousandaluminumfractionsbypassesundera seriesof magnetson a

conveyor. Approximately20 percentof bimetalcans are rejectedbecause labelshave not been

removed(723). TheMRFalsorecoversHDPEandPETplastics.Totalresidueamountsare reportedas

2 tonsperdv._ _about3 percentof thedesigncapacity(386).

E.2.3.5 MIxedWaste MRFB

As discussedin Section1.1, the inclusionof mixedwasteMRFs in this reportreflectstheirpdmary

function- to removerecyclabisefromthemixedmunicipalsolidwaste (MMSW)stream. In fact,such

front-endprocessingsystemshaveseveralfunctions,including:

o Recovery,for subsequentresale,of marketablerecyclablematerialsfromthe MMSW

stream

o Segregationof materialsfrom the waste stream that are unproceseibleby the

waste-to-energy(W-T-E) facilityor have a low heatingvalue (e.g., yard wastes,

oversizedbulkywastes)

o Deliveryofnon-recoverable,combustiblematerialsto theW-T-Efacility

In the followingsections,examplesof botha labor-lntensiveMRF (766)anda mechanizedMRF (767)

arepresented.Inadditionto a briefprocessdescription,inckxledalsois a listof thematedaisrecovered

andpertinentoperatingandperformanceparameters.Sincethecurrentdesignandoperatingplansfor

thesetwo projectshave notbeen reportedin the openliterature,the informationpresentedis derived

fromthe respectiveRequestforProposals.
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F..2.3.5.1 c,sstoq County_MI_I Waste MRF (766). The mixedwaste MRF plannedtor Gaston

County is a front-endprocessing(FEP) system for a previouslycontractedwaste-to-energy facility;both

facilitiesare currentlyon hold. The MRF features a relatively low technology, labor-intensiveprocess

that relies heavily on manual inspection and picking of recyclable products from conveyors, it is

•supi:_ernentedbytwo-stagescreeningfor size classificationand magneticseparationof ferrousmetals.

Designedto process up to 50 TPH of mixed municipalsolidwaste (MMSW), the Gaston FEP not only

can recover recydables from MMSW but is also capable of separatingthem from commingled"batch"

loadsof recks shoulda recyclablescollectionprogrambe establishedat a futuredate. Materials to

be recoveredinclude: ferrousmetals and aluminum;HDPE, PET and mixed film plastics;amber, green

and flint glass; and corrugated, newsprintand fine paper. Recoveryof household batteries is a design

option.

The proposed process as depicted in Figure E-3 showsthe FEP and W-T-E (with W-pass) shadng a

common tip floor where MMSW is received and initialsegregationof OBW takes place. After loading

onto the inclined infeed conveyor, the MMSW reports to final OBW segregation and bag opening

stations,where MMSW is liberatedand the bags removed. A disc screen then mechanicallyseparates

MMSW to a +/- 5 inch size. The oversized material,consistingof corrugated, newsprint,and fine (office)

paper IS manually separated in thai order. Ferrous metalsare then magneticallyseparated,film plastic

is pickedand the remainder (i.e., nonrecoverable,combustibleresidual) is conveyed to the W-T-E plant,

or divertedfromthe conveyorto the tippingfloorforuse as futureW-T-E feedstock.

Undersized matedal from the primary disc screen proceeds to three glass pictdng stations where

manually-removed green, amber and flint glass reportto individual storage bins, followed by crushing

and screeningprior to Ioadout. Ferrousmetals are magneticallyseparated from the primary undersized

material; the unders then reportto a secondary screen with +/- 2 inches separation. The secondary

unders are conveyed to the common refuse Ioadout conveyor; secondary overs report to aluminum

pickingstations,followedby manualseparationof PET, HOPE and LDPE.

The unit processes described above are amenable to handling both MMSW and commingled

recyclables, and closely resemble those used to produce ¢ontx)st or RDF, albeit without the size

reduction(shred) step. As such, 8cld_nal informationon the energy and environmentalconsiderations

forthese unit processoperationscan befoundin AppendicesB and G.
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E.2.3.5.2 IBa,nmouthCe,univ Mixed Waste MRF (767). In the advarced stagesof planningand

preliminarydesign, the Monmouth Co.nty MRF, or FEP, which will be co-iocated with a mass bum

W-T-E facility, is designed to process 1700 TPD of MMSW, separating out re_ and

noncombustibles. This is a highly mechanized front-end processingdesign utilizing trornrne_ and

multiple_ separationsin three parallel IXOCeSSJnglines, supplementedby manual piddng. The

following recyclables are Intended to be recovered: corrugated boxboard, ferrous metals, aluminum

cans, filmplastic,HDPE, PET andhouseholdbatteries.

The MRF is to be located in a 60,000 squarefoot building adjacent to the tippingfloorwhere front-end

loaderswill initiallyscreen out unacceptableor noq)mcessible waste and corrugatedpriorto loadingthe

infeed conveyon;which transportthe MMSW to the MRF. Additionalconugated is removed at the first

pickingstationin the MRF and conveyed to a baler. Waste not removedat the corrugated pickingstation

will be size separatedbya trommel equippedwithbag-breakingbarsto liberatebagged MSW.

Ferrous metais will be removed with a suspended magnet from the trommel undersized material,

followed by manual removal of aluminum and magnetic (head pulley) separationof fewous metal cans

inadvertently pickedwith the aluminum. The aluminum is then flattened and blownto a ioadout area.

The ferrous metals separated by the suspended magnet are sent to ioadout alter reporting to the

householdbatterypickingstation.

Oversized materials,consistingof PET, HDPE and filmplasticsare picked inthat order and conveyedto

dedcated balers for subsequent Ioadout. Ferrousmetais will be removed by suspended belt magnets

and combined with the undersized ferrous stream to ioadeut, while the remaining oversized matedal

combineswith unrecoveredundersizedmaterialandconveyed to the refusepit.

The MonmouthCounty FEP is unique in that lt is the first mixed waste MRF dedicated to recyclab_s

separationfrom mixedwaste in a communitythat alreadycollects selectedrecyclablescud)side.

E.2.3.6 Small-Scale MRFs

Small-scale MRFs and mobile MRFs are two recent developments. Count Recycling Systems offers a

"McMRF" system with a capacity of up to 20 tons per 8 hour shift (769). The system requires a volume

only 70 feet by 40 feet by 16.5 feet high. The system uses variable speed conveyors, air classification,

and a variablespeed screen to supplement hand picking.
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NewEnglandCRIncoffersa mobile20 ton-per-shiftMRFbuiltby thePtam',uznEquipmentCoq_)ration

(76g). The Ptamdgansystemis hlghway-towableat8 feetwideby 48 feet longand22,000pounds, lt

can aocomoclatesix or eightpickingstations. Approximately40-of these systemsare in operation

throughoutthemun_.
F

E.2.4

Table E-14 presentsdata on materialswhichare beingrecoveredor are plannedto be recoveredat

operatingandplannedU.S. MRF$(386). Thesematerialsandthepercentagesofthe facilitiesreported

to recoverthemare: tin cans- 97 percent,clearglass- 97 percent,brownglass- 94 percent,green

glass- 94 percent,aluminum- 93 percent,bi-metalcans- 91 percent,newspaper- 89 percent,HDPE-

82 percent,PET - 7g percent,carzlx)ard- 66 percent,ferrousscrap- 30 percent,comrx_erpaper. 29

percent,mixedpaper- 9 percent,andothermaterials- 9 percent.

SuccessfulMRFsare highlyresponsiveto location-specificneedsandespeciallyto therequirementsof

the markets(164). Recognizingthe lackof designstandard__ationandthe materiakspecific,end-use

specifications,thefollowingdescriptionof recoverytechniquesispresentedona rnatedal-speciflcbasis.

E.2.4.1 SamnleProductSmmifi,_-_ztlon_

Thefollowingare sampleproductspecificationstakenfroma MRF Requestfor Proposals(765). They

areconsideredtobetypicalofthatrequiredbyendusers.

E.2A.1.1 ]:lll_. Newsprintshallbe separatedfromali non-paper_ andbaledsoas

to be suitableforoverseasexport.Thedensityof thebalesshallbeapproximately25 poundsper cubic

foot,yieldingan averageweightof 1,100poundsperbale. Non-newsprintcontarnlnatlonis llmlteclto a

maximumof 2 percent"outthrowspaper"and "prohibitivematerial"as definedby the PaperStock

Instituteof America(PS-86),"SpecialNews"No.7. The newswintbaleshouldconsistof baled,sorted,

fresh,drynewspaper,notsunburnedandfreefrompaperotherthannews,containingnotmorethanthe

percentageof rotogravure)and coloredsectionsnormallycontainedin newspaperdeliveredto the
household.
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E.2A.1.2 m,,,,, _,nk,__. The glass_ shallbe separatedfrom non-containertype glass

matedalwiththeexception(d paperlabels. The glau studibe segregatedbycolor (ant_, flknt,and

green)priorto cnndW_. The cullersizeshallbe greaterlhan 025 inchin diameterand lessthan2.0

ircltesindiameter.Flintculetshallcontainnotmorethan5 pementOtherglasscolorsbywelgM,_r

•cuUetshallcontainnotmore_sn 5 percentotherglasscolorsby weight,andgreencullershalloontaln

notmorethan5 percentotherglasscolonsbyweight. No stones,ceranVcs,or non-containerglasssha,

be _ inthe oulboundIxodt_. Non-glasscontan'.inanlsshallnot excoed1 percentof the total

;xodu wei.

E.2A,1.3 _I]BJDUIM. Aluminumusedbeveragecontaklem(UBCs)shallbe separMedfromali

non-akmVrtJmand other aluminummaterialand baled. Ali non-aluminumconlanVnalion,kckJdlng

moistureshallbelessthan1.5percentoftotalproductweight.Minknumbaledensityshallbe20 pounds

percubicloot. Theotheraluminumshouldbe separatedintocastandfoilsfractionsandshippedloose

inpalletizedgay'lords(asa ndnkT_m).

F..2A.1.4 Tin Plall_l Steel CafB. Tinplatedsteelcansshallbeseparatedfromali othermaterial

andshredded.Thecans,Inllial_upto I gallonin size,shallbe shreddedto a maximumdknemdonof 2

inchesand a minknumdens_ of 65 poundsper cubicfoot. Non-tinplatedsteelcan contanVna_n

(includinglog,food,aJ.nWxlm,labelsandplastic)shallbelessthan2percentoftotalproductweight.

E.2A.t.5 _. PET plasticshallbe separatedfromali non-plasticmaterialandfurther

sortedfromhigl_nsity polyethylenepriorto perforationandbaling. AliPET beveragebottlesshallbe

pedoratedand baledto a minimumdensityof 20 poundspercubicfool Contaminationof ali non-PET

beveragebogiematerialshallbekm than3 pmcentbymight of totalpro(Sx:tweight.

IF_2,4.1,6 HOpEPluth:, HDPEplastictranslucent"mik jug-type"containersshallbe separated

fromd non-plastlcmaterialandfurthersortedfromotherplasticpriorto baling. ColoredHDPEcontent

sXal notexceed10 percentbyweight. Non-HDPEand non-p4asttccontaminationshallnotexceed1.0

percentbyweight.

E.2A.1.7 Mixed Rtold Ptaatic, Mixed rigidplasticcontainersshall be separatedfrom ali

non-plasticmaterialandfromPET andtranslucentHDPEpriorto pedorationandbaling. Contamination

of alinon-plamicmaterialshallbe lessthan3 percentby totalproductweight.
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F..2.4,2PsNr nscoverv

Old n,,wepS_ (oNe). ok, _rnJ_ed card_u_ (OCC), hJoh.oradeonk:epaper, mixedpaper,and

Wectaitycelkdosk:matedaJscan be recycledfora varietyof uses. To makeuse of _ paper.

mar_actumrs usually must employ specializedequipmentto m-lxdP, remove ink and other

contaminanls,screen,andotherwiserefinefibreformixingwithvirginfeedstock(301,782). Certainhigh

gradeomcepaperscan be renVxeddlrecUyandtrwefore convnanda highersecondarymarka price

than_-grade ONPandOCC. Speciflcallonsfor gradesof wastepaperarewell-deveiopedwith

ouidelinesfor nummrcxmoradesof usedpaper stock.Thesespecilic_ionsfocuson pe_s of

•p,'olVbiUvematerials"and -ounivows-foranymnlaminan_thatrendertherecycl_epaperunuubleIn

nNxncoss_, t_mding on the repmcessors needs, pap_ is sold basedor iooso.

To preventcontaminationfromglass,moisture,andbeverageand foodresidue,sourceseparationof

paperIsthe preferredalternative.Eveninsourceseparalionof commingledrecyclables,paperis best

recycledHseparated,fromtheremainingtraction. A MRF processingcapabilityaffordsa programthe

opporturdtyto collectmorethanonegradeof paper_ Nspaperfrsotion. Incomk_mixedpaperswould

typlcdybe Isolatedon the MRF tippingfloorand puslt_ omo a boxoonveyorfor manualpickingby

papergrade. Papergradesthenwouldbe baledor comalnerlzed(e.g.,tnxddoad,oont_, _)

tor_.

TypicalproblemsenoounlemclInmixedpaperseparationincklclecron-(mnlamlnMionor moisturein the

materialfrom exposureto precipitationIll the ¢u_. Separation of paper grades from totaUy

commingledrecyclingstreamsooncelxua,yis km effectivedueto the riskof residueoontam_ion. H

necessaryfroma collectionstandpoint,manualsortingon a conveyorISthepreferredmethod(301).

E.2.4.3 F-,,rmus Mmal Recovery

Recoveredferrousmetalscan be resoldto detinrdr_facilitiesordirectlyto steelmillsfortheirsmelting

operations. Oetirmersare sensitiveto cont_ that can Impedeprocessing(e.g., aluminum)or

exacerbateeffluentWoblems(e.g., labelsin sludge)(782). Steel millsare constrainedby their basic

manufactudn0process,metallurgicalrequirementsof endproducts,and emissionandeffluentproblems.

Oxygenfurnacemillscan usuallyuseupto 30 percentscraprnatedaJ,butelectricarc furnacemillscan

useupto 100percentscrapmaterials(782).
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Bl-metalcansare theprirrmrysourceofpost-cons.metlerrousrnetsl.Thesematerialscanberecovered

remllvelye_ trom_ _ by mtk:_eryor beltmagnm. Therecoveredproductcan

be baled, shredded,or nuOOetizedin convner_allyavailabledevices..4W:cordingto _ Steel Can

RecyclingIns_ute(782), theferrousproductmustbe freeoi al non-metallic,non-ferrousrneterlaisother

than paperlabels. Asa resulloi ciscliningdomesticsteel_ andtheavailabilityoi otherlerrcus

scrapsourcas,the post-consumerrecoveryoi lenous has lagged(301). Forexample,the San Jose,

CalUomleprojecthasreportedproblemswiththemarketa(:cel)_ulceoi evenlahel-_ontaminetedferrous

(723).

F..2.4.4_lumlnumRacava_

Aluminum,prlmadlyrecoveredInthe formoi usedbeveragecontainers(UBCs),canbe resolddirectlyto

aluminumixocessorawho reprocasslt as containerflal-rolledstock. Dependingon specllicalloy

specificatlons,postconsumeraluminumran be re-usedInamountsupto I00 percentoi finishedproduct

withsubstantialenergysavingsand consenratk)noi the mineralbauxlte(782, 336). The recovered

aluminumproductIspreferredby Ixocessorsto be denslfledIn balesor biscuits(i.e.,nuggets)of specific

sizeanclto be free of excessmoistureandcontaminants(782). Althoughaluminumonlycomlxisesa

smallfractionof MSW, recoveryis highlydeslral_le.AluminumIS easy to recover_romcommingled

recyckll_sanditshighresalevaluehelpstosubsidizethe_ oi othermetedais(301).

The mostcommonmethodsof separatingaluminumfromothermcyclal:4esis manualpickingfroma

conveyorbelt or use of an eddycurrentseparator.Air _ifi_tion also can he used,dependingon

whetherthefeed streamalsoc_rtalnsplastics,whichhavecomparableaerodyrmmiccharacledstlcsto

aluminumbeveragecontainers. Smallpiecesof brokenglasscan alsocarryoverwiththe aluminum

matedaisIn an air classifier.Othermethodsforaluminumseparationincludeelectrostaticseparatlon

andseveralwetprocesses(jigging,waterelutriation,andheavymediaseparation)(301).

Repackagingof recoveredaluminumfor resaleInvolvesthe flatteningoi cans In a pressor by milers .

po_ionedabovea conveyor.Flattenedcanscanthenbe baledor conwesssd intobiscuits,or blown

intotrailersfor looseshipment. Ali of the _ equipmentis convnerciallyavailal31eis standard
items.
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E.2.4.8 nm

Recoveredglassbeverageand foodcontainerscan be resoldto glass contaJrmrmanufacturersfor

substitutionof upto 100peroentfor_ materialsor to buildingrna_ertaJmanutacturemfor i_ in

road aurfac_, glmmwoolmulatlon,or awagete-bas__. S.bst,.Uonoi _ O_mss
ermbles container manulacturemto operate al lower furnace ten1:ereturesand Improveemission

dmraotedstk_. Col_iner rntmufadurerswill aceepl recycledmalerlalin wholecontains, Irregularly

broken,or_ form.TwocdUca]spec4flcaUomhavea directaffeoton recyclingpractices:

o Glass mustbe soiled by color (i.e., flint,green,and brown)to controlthe mmnnetic

appeararceoi endpmdu_, and

o Recycledg_se mustbe free oi aU contaminam,includingpaper, piastk=, amtals,

textiles,androcks(782).

As glass containersbreakduringthe tripfrom the pointoi consumerdiscardthroughcollectionand

centralizedpmceseing,colorscan becomemixedandchardsoi glasscan colledthe residueoi other

materials.Vestigesof metallictopsandpaperlabelscanalsoremainHnotremovedbythe generatoror

the centralizedIXOCeulngsystem. Chardsoi glassalsobecomeknbededin other recyclableswith

whichtheycomein contact,therebyreducingthemarketabilityof theothermaterial.Glus-lmpregneted

papers,for example,danmgemilersand other processingequipmentin the manufactureof recycled

papers.

If glass is to be separatedfrom mixed waste without subsequentcolor separation,trommeflng,

screening,air olasslficalion,orcombinationsthereofam used(181,316). Frothflotationalsohasbeen

demon_reted(301). Thesetechnk_uessimultaneouslybreakunddermifythe mixedglasscullet,thereby

posdW avoidingthe necessityfor a discretedensHicationstep. Certainproprietarypmceuu have

been developed.and am used commercially(164, 783) to benefk:tateglass priorto shipment,by

removingexcessivecontaminantsthroughVommeflngandwetprocesses.

By contrast,most processesto recoverglass by coloravoidbreakageto facilitatevisual recovery.

Manualpickingoi glasscoiorsfromii conveyoristhemostCOITWr_nmethodoi recovery,althoughoptical

scanningand cmlain proprietaryWocesseshave been demonstreted(301). Densificationoi the

recovered _ can occur naturallyby handflngor use oi a glass crasher, which is a

oommerc:ia_-avaUabledevice.



As morepost-cocm,merglasshas becomeavailablefromMRF$,¢orUlnermanufacturershavebecome

considerablymore selectiveof materialsavalleblefor sale. More then a phenomenonof increased

supplyexceedingdemand,thishasbeenInresponseto excessivecomamlr_lonInpost.consumerglass

pmducls(784). Glassrecyclingcan slgnfficantlycontributeto ma_ ck)wnllmeIn a MRF, ss the

masive qualityof therrmerlalcausesacceleratedwearofconveyorsystemsandglasscrushers.

F.2.4.6 PlastllesRecovsnt

Aliplulk_ representonlyabout7 percentof allMSWbyweight(774). Plasticcontainersand_Ing

(thoseappMcatlonefoundIn the MRF stream)representabout3 percentof all MSW by weight(774).

Thevarietyof reCnsandcolorsoftenmakesltd_Icultfor thegenerator,curbsklecollectioncrew,MRF

workers,or MRF mechanicaldevicesto distinguishone typefromanother. Althoughof likelyresale

value,thequantitiesof certainplasticsIn thewastestreamhavepreck_ledrocycllngat anyreasonable

netcost. Comequently,plastics_ technologyhasbeenslowtodevelop(301).

Primarilybecauseof theirhighvolumeand relativeease of ldentifioatlon,containersmadefrom high

densitypolyethylene(HDPE)and polyethylenetemphthatate(PET) are the most commonlyrecycied

plastics. Comwtsedlargelyof milkcontainersandsoftdrinkbasecups,HOPE cartbe soldas-isor

granulated. The primarysourceof PET is two-Mtersodabottlesthat can be granulatedand shipped

loose,shreddedandbaled,or baledwhole.RecycledPET containerscanbe usedinthemanufactureof

a varietyof Itemssuchas fiberflllcushioning,geotextilemembranes,orindustrialstrapping.PETcan be

I:xoce88ed,mixedwithvirginresin,and re-extnxled.SeveralIntermediateplasticprocessorsserve as

value-addedrepmcessorsto recycle post (x)nsumerPET in proprietaryprocesses(involvingair

classification,froth flotation,electrostaticseparation,washing, and extrusion)for such re-use

Becauseof classificationdifficulty,plasticstypicagyare best separatedby _ resintypethrough

manualsortingon a conveyorbelt priorto shreddingand balingor granulationandpackingin gaylord

containerstor shipmentto market. In additionto manualsorting,plasticsalsocan beseparatedfrom

othermaterialsbyairclassificationor vibrationscreening.Useof any mechanically-assistedseparation

dependslargelyonthedesignapproachtoglassrecycling,itsbreakageand cross-contamination.
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E.2._7 _mrv of _har I_tmrla_

Othermaterialsthataresubje(:tedto moreintensive,centralizedmixed-wasteprocessingincludewood

and yard wastes,oonslnctlonand demomlonwastes(C&D), tires,and waste oil Each of these

materialscanbe sourceseparaledand(:_leded Ina varietyo( dedicaledvehiclesor self-ddveredto a

p_ location. _ forwasteoil,thesematerialsare processedthroughlargescalegrinders,

shred_m, hammermUls,or nailmillstorsizereduclk)n.Certaingradesof wasteoa can be ¢o41redin

heatingsystemsor arepfo(:_msedfirstinspecializedfiltrationsystemsto mrnoveparticulatematterand

excessmoisture.

Endmmketsfor theseorphanwastestreamsarevery localizedand_ any generalspeciflcaiions

forsize,density,composition,or Packaging.Ingeneral,mad(etsandapplicationsconsistof:

o Wood:Compost,decorativeland_ chips,biomassfuel

o C&D: Buildingmaterialaggregale,landfillcover

o Tires: Boilerfuelsupplement,madsudactngbulkingmaterial,supplementto virgintire

rubber

o WasteoH:Fuel_¢plement,asphd additive,roaddustsuqxessant

E.3 ECONOMICPERFORMANCE

A widerangeof processand programcostsfor recyclingtechnologieshavebeen reported(785, 148,

386) thai revealinconsistenciesand littleorno emergingpatternof costs(785). Thisphenomenoncan

bealtributedto a varietyoffactors:
a,

o Eady programsand facilitieshave had a convolutedhistory(785) thatmake expended

costsdifferentthanreplicationcosts

o Privatevendorshavebeenunwillingto provideproprietaryInformation(785)

o Programsvarywide0yin targetmaterials,collectionmethods,and levelsof processing

(785)
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o Docurnentatlonof costs is poor and/orreportingis inconsistent(e.g., exclusionof

_k)n costs,sharedoverhead,residued_oosJcharges,maleri_reWecred,s)

Several_ dalabasesa_eavailable(148, 386) butc_a collectionis Inconsistentand the facility

ckmmcatlonsarebroad,making_Ive analymbyprogramortechnok)gytypedifficult.

E.3.1 Fw_,111tvCosts

TableE-15 (386)providesoriginalandadjusted(to 1989costJevels)capitalcostsfor28 existingand45

planned(circa1989)MRFtacililk)sthatWooes8recyclablematerialsfromii vsrie_JofcurbsidePrograms

(k_dudi__e.sivec.d_de andoomm_0_dsourceseparmk)n).P_nnedf_lmesrefk_ah_hercos
perton likely attributableto the inclusionof a greaternumberofhighertechnology,largerscaleplantsin

thesample. Specialnoteshouldbe madeof therangeandstandarddeviationof the facllltlespolledfor

thissurvey,whichhighlightsthevariationsand inoonsislenolesEnthe availabledatabase(386). Table

E-16providesthedetaileddatasuPl=O_ingthesummarystatisticspresentedabove.

Forthesamefacilitypopulationabove,Table E-17 presentsplantcapitalcostrangesas a functionof

designcapacity. Plannedfacilitiesaverage162 tonsper dayoomparedto 89 tonsper dayfor existing

facilities(386). Theeffecton capitalcostrangeson thedegreeof mechanizationis Illustratedin Table

E-18.IThenumberof facilitiesisapproximatelyevenlysplitbetweenhighandlowtechnologytypes,with

a greaterconcentrationof hightechnologyMRFsintheNortheast.

Thesamesun_ey(386)wasonlyableto collectO&Mcostdatafromfourteenexistingandnineplanned

facilitiesas shown,inTableE-19. In thisflmitedsample,thecostsperton forplannedfacilitiesis lower

thanexistingfacilities,likelyreflectingeconomiesofscalefromlargerfacilities(386)

ThecapitalcostforthesmallscaleMcMRFofferedbyCountRecyclingSystemsis$99,500. Themobile

Ptarmigansystem'scapitalcostisapproximately$75,000(769).
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TABLE E-15. CAPITAL COSTS J_iD BOND ISGUF.._ (386)

Standard
Sample Mean Sum Deviation Minimum Maximum ._N

OmC. At,CAPrrAt.COS'tS
All Facilities $4,684,260 $341,951,000 7,060,131 $11,0C0 $48,000,000 73

Planned $6,166,667 S27"7,500_300 8,099,193 $3(}0,000 $48,000,000 45
Exislins $2,301,821 $64,4,51,000 4,012,160 $11,000 $20,000,000 28

" AD_'STED CAPITAL COSTS 0989 DOLLARS)

All Facilities $4,727,1.58 $345,082,$36 7,109,979 $II_0 $48,000,000 73

Planned $6,169,18.5 $277,613,333 8,096,522 $300,000 $4g.000_Y)O 45
Exist/rig $2,409,614 $67,4_,;?.03 4,346,051 $11,000 $22,b_'_,672 28

ADDITIONAL OR RETROFFF CQS_

Existing $3,001,667 $18,010,000 3,636,990 $120,000 $9,500,000 6

BOND ISSUES

Ali Facilities $13,888,889 $125,000,000 28,762,669 S200,000 $90,000,000 9

_ed St8,_233 SUZ,_O_X30 34,987,965 S200,O00 S90_30,000 6
Existing $3,700,000 $11,100,000 3,897,433 $400,000 $8,000,000 3

RATIOOF ADFUffrEDCAPITALCOS'I3:DESIGN CAPAOTY0"ONS PERDAY)
Ali Facilities $33,223 " 29,716 $1,100 S2OO_JO0 73

Planned $37,477 - 31,920 $6,000 S200,O00 45
Existing S26,387 - 24,814 $1,100 $79,981 28

* No informationwas availableform 19plannedand 12existingMRFs withregardto
originalcapitalcosts.Onlyminimalinformationwasavailableonretrofitcostsandthe

sizeofbondissuesand thesedatahavebeenpresentedforillustrativepurposesonly.
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TABLEE-17oADJUSTEDCAPITALCOSTSBYDESIGNCAPACITY(386)

Adjusted _ Design C.avacit 7 (Tons Per Day)
Capital Costs Ali
(1989 Dollars_I). I to 99 100 to 199 Over 200 Faci.li.ties

Less Than 54_%* 10.5% 9.5% 30.1%
$1,000,000• (22)

$1,000,001 tO 39.4 68.4 14.3 39.7
$5,000,000 (29)

More Than 6.1 21.1 76.2 30.1
$5,OOO,OOO (22)

Tot_! !)ercent 100.0 100.0 100.0 100.0
(To_ Number**) (33) (19) (21) (73)

• Percentage of column.

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

TABLE E-18. ADJUSTEDCAPITALCOSTSBY DEGREEOF MECHANIZATION(386)

Adjusted Dem'ee of Mechanization
Capital Costs Ali
(1989 Dollars) Lo...._w _* Fac_lit,ies

Less Than 46.7%** 16.7% 31.7%
$1,000,000 (19)

$1,000,001 to 50.0 36.7 43.3
$5,000,000 (26)

More Than 3.3 46.7 25.0
• $5,000,000 (15)

sl

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

" Includes Reuterprojects.

-- Percentage of column.

"No information was available from 44 MRFs with regard to adjusted capital costs or
ct_gree of mechanization.
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TABLEE-lS. OPERATINGCOSTS(388)

Standard

Samvle Me...__ Deviation Minimum Maxim_. N._._.

ANNUAL O&M COSTS (INCLUDINGDEEr SERVICING3

AllFacilities* $1,261,625 1,458,152 $54000 $5,000,000 10

Planned $2,017,600 1,787,587 $168_X}0 $5,000,000 5
Existing 399,690 $54,000 $858,000 5

* No information was available from 59 planned and 35 existing MRFs with regard to
_ costs (including debt servicing).

ANNUAL O_M COSlS (DCCLUD.INGDmyr _CING'3

AllFacilities-- $774,800 765,246 $33,400 $3,000,000 23

Planned $904,333 585,311 $84,000 $1,900,000 9
Existing $691,529 872,416 $33,400 $,%000,000 14

"* No information was available from 55 planned and 26 existing MR_ with regard to
O&M costs(excludingdebt servicing).

Ali Facilities $5631 16.95 $8.15 $66.66 10

Planned $35.45 4.72 $30.00 $40.00 5
Existing $37.56 24.92 $8.15 $66.66 5

O&M COSIS PERTON FR_ (EXCLUDINGDEBT SERVICING)

Ali Facilities $32.29 27.69 $5.43 $130.43 23

Planned $20.61 8.90 $11.07 $,38.46 9
Existing $39.80 33.06 $5.43 $130.43 14

R£S!__UE DISPOSALCOSTS30DOLLARSFER TON3

AllFacilities $52.49 22.91 $11.00 $114.50 39

Planned $50.50 21.73 $12.00 $75.00 14
£xisting $53.60 23.91 $11.1)3 $114.50 25

"* No information was available from 50 planned and 15 existing MRFs wit_ regard to
residue disposal fees.

wTe CORPORATION E-51



_ Cam

Colectlonoom sm _ to generalizedue to severalkx:atlon-spec_factorsthat aff_:l ooI_

p_od.(t_e/,h:_,m eWpmm_m, dtm._ baween_ m-o.t _, wasteq.mlm
andooMainemper _op), disfanceto the MRF, workeri_, climalo,t_, and

trd,o. _o, k c_.menm_ m_ _ _ _ pu_ a.d pr_e ro:Wrha.UrWopemk_s
ire _enL As a resul, _ (:ompamUve_om_lon Is avakble.

Byway of ,mllmlion, however,TableE-20 mm'_MrkeSthe_ _Jve collodioncosts(asof

1990)torvadousIXowamallemaliv_ in a NewYorkStale_ setlJng(i.e., lower_ Val_y)

(7as). T_U_ h_ts ,_e cormam_(x)k_ com of_ens_eandoomm_0_dsource
separalion soenartos based on expected _ and upar_on efficiencyrates Ior each

allemMive. Inthisspecificcase,theoperalingcostperIon (includingdebtservice)of a MRFto process

commingled_ compatiblewithcollectionallernmivenuttier tourwas estimatedIo be $68 per

ton. There(ore,the totalprogramcostfor thecomming_dcud:_4deprogramof $113 per ionwm only

sightlyhigherthan¢ollec_ncostsalonetora ¢omll_ra__ensivecurosldeIXogramot_ perton
(excluding_ng).

Intuitively,collectioncostsfor the cud:sk_collectionof recydablesare higherthan for conventional

cu_ wastecoa_. Most(:o_:_n costsare x functionof unitssensedor, to a muchlesser

extent, tons colle_ed. The _oremenlionedcumsideservicesrequirea dedlc_ed vehlde o( spe(_

design, and each tmdOoad l_Cesses less _)ns per unit of time, due lo the demly of nmertm and

the _y to use _ equ_xnm. Consequen,y, (_,cated _k_k)n e_m_ve_/

doubk_variablecolleclJoncom per slop(e.g.,persingletamUyhousehold].Dueto the lowertonsper

vehicle,operatinOandcap#alcosts,per ton Increaseas weil,the amountdependingon the der_ of

materialsoollected,therelativeutillzalionof eachvehicle_rnpartmenkandthedistancefromtheroute

totheMRF.
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TABLE E-g0. (_OMPARISON OF COLLECTION ALTERNATNES (786)

• (Once per Week Collection)

_.11_IATWlZ ootrffoN O_fflr,INN _¥

li Ill

I. Mixed piper routmixed coo- 45 27 :3.31
mimm in mm-omptrtumm
vthieae to high tmh M,q.F.

2. On teem mrr of m_. brown/ 103 44 2.32

Irma gtmt, clear #tta tia/tlu-
miaum to low tech MIU:.

3. Thrm-wty sort of newt, com- 45 38 4,.32
mingled cmmiam, low grlde

mdM_.

4. Numlxn.1 with plutie.s. 45 29 3.$0

5. Number2 with plainer. 99 45 2.$ t

6. Nmabor3 with pluti,t. 46 38 .t.50

7. Full sort of mw,s, browa siam, 154 72 2.$7
glare,elm+'llJum._ alu,.

mtotm, Pm', IIDPE, tad ytrd
wMm u_l two tme.l_.
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EA POTENTIAL ENVIRONMENTAL.IMPACTS

Comparedto othermM wastemrmmmentdematives,recyc,ng. _ onlythe(:o1_ and

sonaltonot_. isacceptedbymanyasenvimnnm_mybenign.Thereis.however,verylinked

technlc_datato mCponthishypo¢lm_or the environmonmlImpactsthatmaybe amo_Uedwith

separ_ _ direct_fromMSWorfromtherelonmmk)nof rewc_)lesintonewWod.cts.For

this rp.son, Ihe U.S. EPA's Environmental Cdterla Assemmenl Office has been studyingthe potential

hazards that may be associaed with municipalsolidwaste recycling(905). Resultsare expeded to be

available in mid-1992. Also, the Solkl Waste Assoclmionof NorthAmerica, ai the requestof the U.S.

EPA as part of Is MITE program, is aJsopl_ sn evaluation of facilities which process (lor the

puq_se of recyck_)malerialsfromMSW. _, processdesign,andcostdamwill
eva[ualed for selectedoperatlngMRFs. Resultsare expectedto beavallableIn 1993 (906).

Groundwmer resources are largely unaffected by recycling. MRFs for curl)side separation programs

typicallyare constnJctedon a concretepad that preventsseepageo4any waste pollutantsinto the soils.

Moreover,thesefacilitiestypicallyhandlepre-cleaned,dr/, andsolid(x)ncone.tso( thewastestream.

Fadlitles are usually new and therefore _ to stale-of-the-artdesign and regulalory scnJtlnyWith

respectto sudace drainage and mn-off. PotentialgroundwaterImpactsof mixed-wasteMRFs wouldbe

similar to the fuel preparation module of sn RDF facility or front-end pnocessingof a mixed waste

oompo_n0p_mt.

._mo_e_: emissionslrom recyc_n0_ are tromtwo _rc_: (:oue_ionopera_m and

Ixocessingtactmies.C._ recyclingIxoWanxthatempk_(_,.ated vehiclesincreasevehicular

emissions to the atmosphere on a unit basis. Emission data on specially-designedrecyclingvehicles

was not Idertlled in the literature search. Atmospheric omissions dala from MRFs processing

oomnlngled recyciabiesalso is largelyunavailable,except for limiteddata on a lowtechnologyfacilityin

Groton,Connecticut(787), demormrWinglowlevelsof partlcu_e, VOC, and metalsemissions.

Dust emissions likewise are minimal on route and in each MRF for cud)side sorted materials.

OperaLionsusually are _ed indoorswhere ventilationand localizeddust surpresslonmeasures am

taken as required. Mixed waste MRFs experiencegrealer opportunityfor dust, but more sophisticated

ventilalionand collectingdevicesare typicallyused, such as cyclonesandfabricfilters.

Potentialnoise tnCacts are fromtwo sources:collectionvehiclesand machinery. Collectionvehiclesare

equippedwith mnvenUonaJ noise abatemerl devices. Machinery noise is surpressedby restrictionof

operationsto the Interiorof buildings.
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Potentialvectorimpaclsareminimalinfront-end_ systemsin generalclueto theenclosureof

Woceasingoperations,venltlaflon,andpea conUoLMRFsfor cud)sidesourcesep_ IXOgrarmalso

processa cleanerfractionof theme, whlchoftenIs pre-washedW the wastegeneralorof foodend

otherorganicresidues.Theputr_ wastecontentof the¢orm_ngledsource-separatedmcyclable

streamenteringa MRFcanbevtrluallyeliminatedwi_ a camlully-_ c_n program.

Odoremissionsare o0ntmiodwllh _ designfealuresfor vehiclesandrnachinmyas are usedto

controlnoiseanddust. In addition,In mixedwaste Ixoceesk_gsystemseuchas front-endsystems,the

tippingfloorareascanbedesignedtomaintainaslightlynegativepressuretocomrolodom.Again,due
the_nimWpunw,a_ewastecontentof _ or oouroe-wpsrmedre¢_ merino a

MRF,odor Istyptcalynofa pmblec¢

F._ ENERGYPRODUCTIONREQUIREMENTS

Mixedwaste_ floil|k_ hive enorr/roqu_n_l coml:_-_ to RDFfuelpreparationplants,

but MRFssenddngcudxJdesourcesepandionprogramsrequire(:_nceptuallylessenergyto operate.

Noinformationonenergyrequln_neruIs resdRylwailableinthepul:dlcUteralure.

Oneappealof materialsrecy_ isthereportedenergysavingsavailableinropmoeasingof recycled
matedaisand _ avoidanceof processingvilgin raw materials(295, 723, 774, 271). Table E-21

illustratesenergysavingscl_ (788,271)forthesu_n of mcyclodfeedstocktorvirginmstedal

inbask:rrmn_ac_m0procemm.

TABLEE-21. ENVIRONMENTALBENEFITSDERIVEDFROMSUBSTn'UTING

RECYCLEDMATERIALSFORVIRGINRESOURCES

(modifiedfrom271)

(l_'cenmps)

Env_l'onmentalBenefit _ _ _

Reductionof EacrKyUlm 90-97 4%74 23-74 4-.)."'_

Reductionof Airpollution 95 85 74 20

Reductionof WaterPoUudoa 97 76 35 -

Redm:tiaaof MhtingWastes - 97 - 80

Reductionof WaterUse - 40 58 .gO
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E.6 INTEGRATION WITH OTHER TECHNOLOGIES

Materialsrecyclingplaysan Integralroll in theoverallmanagementof municipalsolidwastes:

o _: Requires materials separation to remove impurities, reduce odor, and

removeinorganics.

o ],al]ClJ]Uil_: Landfilling benefits from recycling in the sense that the landfill life is

extendedwhen materialsare diverted. A MRF can be located at the landfill,reducing

residuedisposaltime andcosts.

o MSW Combustion: Removal of low Btu materials such as metals and glass improves

the fuel quality,whereas removal orhigh Btu materials such as paperand plasticwill

reducethe fuel yield. The higherheatingvalue (HHV) of the fuelwillbe affected.

A studywas conductedon the effects of recyclingon Massacl_setts' solid waste combustioncapacity

projected to the year 2000 (792). This studyconsidered: 1) the cumulative effects of Massachusetts'

goalsof 10 percent sourcereductionand 46 percent recyclingby the year 2000; 2) a predictedchange in

the percentageof plastics in the waste stream from 7.3 percent in 1990 to 9.2 percent in 2000; and, 3)

the diversion to landfill of non-combustibiematerials such as white goods, street sweepings, and

unrecycledmetalsand glass. The net result of these three factors is an estimated increasein the HHV

from4,754 Btu per pound(withoutrecycling)to 5,884 Btuper pound, a 24 percent increase.

Specifically,this increasecan be attributedto the removalof lowBtu yard waste, metals and glass, and

non-recyclable,non-combustibles;and an expectedincrease in the percentage of plastics in MSW in the

year 2000. Removal of high Btupaper and plasticin accordancewiththe recyclinggoals is exacted to

have a muchsmalleraffecton the HHV than that dueto the removalof the low Btumaterials.

Most of the combustionfacilitiesin Massachusettsare limitedon a heat input basis, and therefore the

quantityof fuel that can be burned is a function of its Btu content. Any increase 6nthe energy content of

the fuel must be accompaniedby a correspondingdecrease inthe feed rate. The Massachusettsstudy

estimated that for every Btu per pound added to the HHV, the proce_ing capability decreases by

approximately640 tons per year. Thus, Massachusettswill need to prov_e an additional disposal

capacity of 723,000 tons per year to meet the expecteddisposal requirements in the year 2000 if the

recyclinggoai_ _re achieved.
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E.7 RESEARCHNEEDS

A relativelyemergingtechnologyand ImmatureIndustrysegment, materials recoveryrequires

substantiallymoreresearchto assessperformanceanddevelopimprovedapplica_ons.Primaryareas

of focusare likelyto Include:

o Collection,cmmiflca,on,andanalysisof designfealures,capital(x)m, operatingcosts,

andoperatingparameters04facilities.Thefocus_ould be on systemcosts,Including

collectionandprocessing

o NewmaterJmproceWngteohnJc_,esr_ally forgtm

o Newglasscollectiontechniques

o Newusesand_ions fm'recoveredmaterialsof aliClUalityspecifications,especially

iowquality_ications

o Environmentalimpact performanceof recyclingsystems,Includingcollectionand

procemng

o Lifecyclecostinganalysis04recyclingversusvirginmaterialuseinbasic_s
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