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ABSTRACT

Thispaperproposesamodelofanadvancedremanufacturing toorderanddisassembly toorder
(ARTODTO)systemwhichevaluatesvariousdesignalternativesofproductstosatisfythedemands
ofretrievedproducts,components,andmaterialsbydisassemblingtheseproductsattheendoftheir
lives.Thequality,quantity,andvarietyofend-of-life(EOL)productsareuncertainwhichleadsto
fractionaldisassemblyyields.GoalprogrammingisusedtodeterminethequantitiesofEOLproducts
tobeacquiredinordertomeetallthedemandsofretrievedproducts,components,andmaterials.
AcaseexampleofEOLdryers ispresented todemonstrate thestepsand implementationof the
proposedmodel.
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INTRODUCTION

Technologicaladvancesineverytypeofconsumerproducthaveimprovedpeople’slives.Products
withadvancedtechnologiesimproveconsumers’livesandthustheyarealwayshungryforthem.
Because of this, new and advanced products are continuously introduced in the market, and in
response,consumerscontinuouslybuyandupgradeproducts.Thisresultsinproductsreachingtheir
End-Of-Lives(EOL)sooner.Therefore,eventhoughaproductmaybeingoodcondition,itsdisposal
isunavoidable.AccordingtotheEnvironmentalProtectionAgency(EPA),UnitedStatesgenerates
over8billiontonsofindustrialwasteeachyear,morethanonethirdofwhichishazardous.Because
oftherateofincreasingwaste,availablelandfillsarefillinguprapidly,andthenumberoflandfillsis
decreasingatanalarmingrate(Gungor&Gupta,1999).Depletionofnaturalresourcesandreduction
intheavailablelandfillsfordisposalhasledlegislatorstorequireOriginalEquipmentManufacturers
(OEMs)totakeresponsibilityoftheirownEOLproducts.Tocomplywiththeregulationsandto
makeprofits,OEMshavestartedtoinvestintheproductrecoveryfacilities.Productrecoveryfacilities
areusedtocollectreturnedEOLproductsandreducewastebymanagingEOLproductsbyvarious
recoveryprocessessuchasrecycling,reuse,andremanufacturing.Productdesignswithhighpotential
forrecycling,reuse,andremanufacturingarewaysOEMscancontributetotheconservationofnatural
resourcesandmanagetheEOLproducts.

Thedesignof aproductplays an important role in theEOLproductmanagement (Sabaghi
etal.,2016).Theefficiencyoftheproductrecoveryprocessescanhaveaprofoundimpactonthe
managementofEOLproducts.Therefore,OEMswouldliketoconsiderEOLstrategiesattheproduct
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designstage.Traditionally,productdevelopmentaimsatdesigningproductsforcost,functionality,
andmanufacturability.However, increasingawarenessabout theenvironmental issueshasforced
theproductdesignerstoconsiderenvironmentalfactorsduringtheproductdesignphase.Various
methodologiestoeasetheworkofdesignershavebeendeveloped,suchasDesignforX(DfX),Life
CycleAssessment,andmaterialselection.DfXinvolvesdifferentdesignspecialtiessuchasDesign
forEnvironment(DfE),DesignforDisassembly(DfD),DesignforRecycling(DfR),andDesign
forRemanufacturing(DfRem).VeerakamolmalandGupta(2000)definedDesignforDisassembly
(DfD)astheeaseofdisassemblyinthedesignprocess.Disassemblyisasystematicseparationofan
assemblyintoitscomponents,subassemblies,orothergroupings(Ondemir&Gupta,2014).Itisan
importantprocessasitallowsselectiveseparationofdesiredpartsandmaterials.TheaimofDfDis
todesignproductsthatcanbereadilydisassembledattheendoftheirlives,tooptimizerecycling,
reuse,andremanufacturingofmaterials,products,andcomponents.DfDminimizesthecomplexity
oftheproductstructurebyminimizingthenumberofdifferentparts,increasingtheuseofcommon
materials, optimizing the spatial alignment between various components without affecting the
assemblability,functionality,andstructuralsoundness(Veerakamolmal&Gupta,1999).

DesignforRemanufacturing(DfRem)isanothermethodthatisofinteresthere.Remanufacturing
iskeytosustainableproductionasitbringsbacktheEOLproductsto‘asgoodasnew’working
conditionsthroughaseriesofprocessesincludingdisassembly,sorting,cleaning,reconditioning,and
assembly.However,thereareafewhurdlesincarryingoutremanufacturingsuchasheavilydamaged
components,unavailabilityofsufficientequipmentandlabor(Yangetal.,2016).Manyofthesebarriers
canbeaddressedbydesigningtheproductforremanufacturing.CharterandGray(2008)defined
DfRemas“acombinationofdesignprocesseswherebyanitemisdesignedtofacilitateremanufacture.”
Itincludesacombinationofprocessessuchasdesignfordisassembly,designformultiplelife-cycles,
modulardesign,andproductsupportfortakebackdecisions.Theproducts/modules/componentsneed
tobeevaluatedtoknowiftheyaresuitableforremanufacturing.Theevaluationincludesthefollowing
considerations:valueandcostofcomponent,reusability,disassemblability(canthecomponentbe
extracted without damage), economic feasibility of remanufacturing, recoverable value at EOL,
remanufacturingcost,disposaloptionsandenvironmentalimpactorlegislations(Nasr&Thurston,
2006).Therefore,evaluationofproductdesignsfordisassemblyandremanufacturingisavitalstep
inEOLproductrecovery.

This paper proposes a multi-criteria Advanced-Remanufacturing-To-Order-Disassembly-To-
Order(ARTODTO)system,whichpurchasesEOLproductsavailableinvariousdesignalternatives
oftomeetproducts,components,andmaterialsdemands,tosatisfyvariouscriteria.Thereturned
EOLproductsaresenttoacollectionfacilityforinspection,sorting,cleaning,andpreparationfor
disassembly.OncetheEOLproductsarepreparedfordisassembly,theyaresenttothedisassembly
facility.Dependingonthefinaluseandconditionofthecomponent,thetypeofdisassemblyprocessis
determined(Germanietal.,2014).Disassemblycanbepartial(onlyselecteditemsaredisassembled)
orcomplete(allitemsaredisassembled),anddestructive(itemscanbedamaged)ornon-destructive
(itemsarenotallowedtobedamaged).Non-destructivedisassemblyisnormallyperformedonly
whencomponentsare reusedorstored for futureuseas itcanbeexpensiveand labor intensive.
Destructivedisassemblyisperformedwhentheproductisrecycledformaterial,orisdisposedof.
ThepurposeofthispaperistodeterminetheexactnumberofEOLproductsneededfordisassembly,
tofulfillallthedemands.Thisischallengingduetothenumerousuncertaintiesinthedisassembly
processsuchastheconditionsofthereceivedEOLproducts,andthequantityandvarietyofEOL
productsfromdifferentsuppliers(Imtanavanich&Gupta,2006).Althoughfulfillingthedemandsis
thetoppriority,manufacturersalsomuststrategizeaplan,whichnotonlyfulfillsthedemandsbut
alsosatisfiesphysical,financial,andenvironmentalgoals.Therefore,thisproblemisconsideredas
amulti-criteriadecision-makingproblem(IlginandGupta,2015;GuptaandIlgin,2018).Sincethe
maininputtothesystemisEOLproducts,thenumberofEOLproductstobeacquiredisimportant,
andshouldbeoptimallydeterminedsuchthatitsatisfiesallthedemands.
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