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1.1. TO0EOITIiI~1TOA1T 0" OOP” AOEO Gdqiuial2-ai ATa@ALAOO®GEBG 1 and tho

a factor of 1.9.
The first resetaegchi muebei amtsbductory
chapter was dealing with tMPeoeherr osnnuednyt ad n aalsypzeicntgs e@rfvi
remanufacturing. I'n t he mgéheoge &Plg\yescbﬁpfﬁ‘é ernQnufaC‘
met hodol ogy for addressing 8 §ud @tb)p Sn‘i"atsh densdchl 08 G-
a
|

h
Th It b [ i th h b d _f 8
e resu s egin  wi wh a S| oun r
' iteratur eommeruttal enavsipect s dy\r$eccr ansgsetslgment EH Xj thode

concept of remanufacturing.eﬂef ea%n?d\éwnogﬁ}é’rt\)lo@wpr?"&ﬁvéﬁ
including results from two icRstehetndijtessd oSt ad i t &S az@tua |
analysis of remanufacturi ng aaft oorwgy viea glismd d n&neé nga el i &
engines, respectively (see mheler t o 1PMP 9% r i yndhalSméd i pamed t
Kepleian, 2004).. Fur_thermorg ném,ee,ﬁgls#éstesmvfnﬁ@eﬁnl@éuagfy@blnc
Whirl pool I_nd|a_ Limited’s g, phroeusseenhtoaltdlvea[?)ﬁ’l'S%r‘g)grcent
remanufacturing in Ranjangaolnn, then%m%r %?a? 0€d s inv
part repl acement we—cyeclaenahwd
showed that the remanufacture
wit h 68 percent to 83 percent
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87 percent fewer car bon dgoixmng et o( @@L pr ieami srseicoyrcd .i ng i
Furthermore, the model showeids sli@.ni fperanensavings BG8r 3otple
air emissions as well, with th8& preerntaennutf atcot u8r8 npge rfcaecnitl ictayr |
monoxi de (CO) pedoaent ono, 8BAackerttcent he consumer mar ket .
nitrogen oxide (NOX) reductiredsa,yr b7 5 heer cpemtd utca s8 4arpee r matn:
Sul phur oxide (SOX) reduct i oanc,c caunndt &dd per ceaemtd t Dhéwn pdrnce
non-met hane hydrocar bon reduekampbe, Rd&wr mattheer i afli r st re
consumption was reduced by 26nonrerrecreentaltloe 9atperiaelot (kK §p!l |
wastreergaeti on was reduced by i6rb lpreaclkeeatts tde Bi8v gxerfcreoam:.. 1. 4

The comparison of environmental burdens was accompanied

by an economic survey of E‘#}Cﬂoﬁa'pl%éﬁpgg QO G EREE TS g AAE

remanufactured automoti ve engines showi ng a price

di fference for the consumefnScisearwBemt Rgo)Npw|rRe @8sn|tReq Bews| 3
nufact. | | e Prod. | nufact. c | e| Prod.

percent for the remanufactufed engl nge, with the glreatest

savings reali zed when the |re®maasiuf acturned englf ne i s

purchased directly from theNo%_nmanufar‘tJrnr. (Stmith and

Keol ei an, 2004) rmng\era (ig) 0.8 129_ 1515 | o1 120

Al t hough these figures show/ ®®conomic|l and epvirpnment gl

benefits forurnemaniuh a c omp aRE S0 t—o nerw

manufacturing, the study aIsrmat&hiow&'%i thatiiajog@en|l } |choange

fuel efficiency could reduc|ldthe| envli ronmehtal benefits

remanufacturing. These Kkind$Sgnmxhgiy|SS0Uu€es _arm@gfurther| di gcus

in the next chapter. (kWh) @y (23) 16 2 24(24) | 28 750

Apart from Baluyigdaﬂgcoheuated"bEyoo'I:(err (1999)

and Smith and Keol eian (200[{&)eetnhe aut holr dleveljoped apd

supervised an own analysis(f‘(a?egéz c?goaeﬂat21i4cn_4(2_4;vid_2h 168

coll eaguel?7. The actual analgcyusi\,§ (v'v)as cpndlucted bly four

master students. Next section willl descrnibe the resulifts f

t hamalysis. Q,AczujldgyuengS 2)692)04 1.4 19.5 ?d(.)(?ll) 0.04 | 29.1

1122 EOOAEOEET C 6° 0000 2° AUATENTEY)A0 7EEqi pilii ) AEA

, ETEO Aq Ground]| 0002 | 0009 | 0.00 |0.002 - 01

ozone (0.004) 4 (0.002)

The analysis was primarily a@gz e4rgc\1/irormental compar/i son of

t wo -e-hdfe scenarios for twpephouseholl d |app|l ianfces|.

Whirl pool I ndia Ltd. often| experiences| that househo|l d

appliameekeing broken down dghf‘rtf"npg use of damaged

during transportation. Thesle broken/|damaged applijances

arrive to various service cleanpowd $02 (] 030|vEP|1B@A[0H| 25n | t he

: . (k (0.2)

scenario the appliances areo%wgqtuqual relcyc|l ed |cl ose o t

service centers. atnino thex issee)onngd) ,|s ctehne

appliances ar e transporte 2“5"0\’IA‘| h-e-ajvy trdgck-s a-n-d

remanufactured in a facilitey adimn Ranj angao|n, Rune The

met hodol ogi es used were LCA| modelling n ABC a earliler

mentioned in Chapter 3. Thi('\ég‘)ter'a?lzy_/nsﬂ%"1 i & Od7t§)ej45'lbo%'2h an

environmentaal egaomtomarcd part .| The productsg that

were analyzed were a washinlg”AR@chine|l and a|reffigleratlor

(combined refrigerator/ freezglalons o8 [t WO gt foB3 Edst| S gnar

of remanufacturing and mat ¢gtkd al recycliing |a®0® | shjown |in

Table 8 as well as tbmufactuiingurg-esnefrgrlllnbwmpr“66.* ulg(a_s) o1 o8

(* New Prod. ). I n the scenaffio fo@g3rjemapufactuning the p
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For the washing machine,t e wioghk d mo umtn eb fmatnuaapgsipydo so® it t
remanufacturing scenario resoimpéetehy hngWwepredussj ohbeot
greenhouse gases. These emirsesswlintsi nagr € rb2n t € imes b ihs lgrheerrt

than in the recycling scenamieo gy Onedched ottoh epr oldauncde, at hme
greenhouse gas emi ssions ar egrneoarteert htama B 0 t thiemeesn ehriggyh emElé @
new product isomn itno croempaamuf acgmuod gt i ¢drorot ha new washing

refrigerator, the | sobutane nR6rOe0 aecrmerdgy yt hapernthan er,e fusreldi

refrige

ant and cooling agesntmi amel yakehe crmaged ofori mat ée

r
refurbishment scenari o whi chwhneank epsr dchiecirmgycbmphbesekbkpamied
o}

wor se Cc

nsidering the greenhmauitseg iqpgds e mi beiemmms ngsame walp lo
resources are diminishing.

The di fferences in the |life cycle inventory results betwe
refrigerator and a washing T Tmasbai nes u(lTtasblaer e6) n clainnebavi t
explained mainly by their welingdhita dLtfdf.ertelmacte alngdo t hlhueswdi gl
emi ssions in the transport okefarbéethiggraebrig&@het aciarn &
effect of mgmassudmaltiuern thanthdaneoalieny cBdamtighemmore, th,
the case of both the refrigetatdgr handd srhel Iwears hs gt enmc bion
The usage of heavy machi ner yanaatl ytshies rmacrye |l i mgr d aghl i Thes e
causes emissions. The diff eMhdmrd e omdt wenedri at e de miwshseino ms m
t he remanufacturimgcaseceadr ibBanijtdoregagoan, Pune i nsproduatgfwasf m
di fferent weights of the matcthé ne@ame Temneo urnetl eaass ef oaf wa@m onii m
l evel ozone gases is fairly marginal in both scenari os.
effect category has littleP&ighligh ctaqctehej fcohopgi crads £y

Nitrogen and phosphorous compflund8§ClREI PRe WAY n CONALL €d
of ebtcapion. The usage of "PAYARGIphOeREer F&ERNAT HAg resSUl
washing agents i-mpthpeasestofa SfdEH é@fpnecerasoa. for this i
machines, explains the highle¥ 3 modnhe AAddd n@r PFRICESSI &M C
compounds released when bei ¢ dr e¥nfalnu® alcQ uRBgo!l d househol

C

process, on the other hand, C
When reading the resudrtesstiinngiradbdiuec t6. iTth ei sp rnoockef sash gjeu sitn pau t
ompare remanufacturing wiatnid rtenve pdriofduecrteinotn nsa tnecrei atlhse

end product of t hose scenashows!| darad smotr aekesiimitloara.ccAnnt
interesting comparison woulgenkea at es harn ei ntcloaner aoc g ch eglo s
materi al be a part of a newlWhimdmpufoadc tlunrdeida plrtodd.ucThetome ft U

case, the ngmandfaectyciing seemadieds swawmldd wdieg h t he i ncome
more comparabl e. I f this wetlkatt hacacrase,i moref urhbingsme nti
transports from the | ocal rneacrygci lnearl .t ®e p édedimag ud m cwhuati nkg
facility would be added. I n rtehfeu rpriesvh eodi sd pypldieamcec é b eldlaaae at

by Kerr (1999) and Smithe andce&eaolbeligaen oo(f ZGO4per cent of
comparisons wer e bet ween reamanfbbdactotured m@midcenewlhe amo
manufactured products. Thi sresfhuorvbss shimant t hes <etntsiindger et
system boundary is cruci al fboerc awhsaet trirees urldfsumbild hmentacpr e

spar e parts t hat ar e di sassc¢

AL inall, from an envifpamedtaineP@ Bte Afar yé edror a
remanufacturi ng stee® ntse ian Std‘uﬁstdoaéfméaéﬂt%Sdtshat are waiting for
achieve functional prOdUCt5-atThtenarte”kfia{‘rutfiaccdlua{ri“Qirﬁ%é.oc@)%%
results in a functional prodpurcotc,eswshiflderr,egyg}bpghpﬂlgyhpbru%
material. A negative aspectpr s0MPRaed itin Seneeh arheichde cb st
need for Il onger transporotlys gs hVYhdHe'rpopévéPditfhalntdi-n hagse

one refurbishment facility kRehadis: BY 4,511 N0s cSaqkehi\gd (i cia
| ogi stics in cooperation Wirteh:yf‘:riaﬂép@éés Cnoo”i‘p%/”eitese*xits{“.e
amount of transports ”eedEdwﬁgsaH%PQZg‘HnibViZc%‘i'n-dlul\'é@fﬁuhc@ycc
consumption at the facility;ds$t ff"‘bf'¥e§9‘€||ng,a5tﬁ‘83tco%ft
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collecting and recycling ofthda hepragpti armhaes .f althael mai mo ri o,
with recycling activities dirfefmeamaufacdmuanmi cadlnl yprfarcotm cteh,e :
with refurbishment. For r e fduerfbeicsthsmeing dlhmo £t aalewaryesal p gr
possibilit i es t o get an income fremrthagrehenbpsbddcpsoadauct v,.e
because they have quite a bHagweevceorn o nd ectad ialveadl eiars SgE etcettrioo tnds
process. In addition, the r etflue bprschdnemtt pa o clkresesn adldesavad u
the product, whereas the repyotbteng psoaesguroramal liyt diose s
not. I n thessecybbki pgoduote satrreatsehgrye dfdeerd a@affdi ci ent remant
recycled into different rawmanadtees at se whpehotaproteat b
reused i n some ddii fnfge rpa mtc evsaslsteeps in the remanufacturing

arranged in a different order
inally, when summing up tBei tdtiéd,er(?é‘éenrdeisnudtosn O(fhetrb?c
al yses, one can see thatvdlhl?mestel'tdci.e%naBQaerelref°orfm9ndow

al yhpoavs that remanufacturingniqhienrgaanhq]ruqIangraeafhehrgq]bglhean'
ot haedIri femdscenari os or neyvnplfiogllwcéi@_nl_from an

vironment al perspective, having i n mi nd t hat t he

manufacturing process resc. uc
ese results go -oflni flei nper ivoilappliance

ated by Graedel and Al 1l en .
995) (see Section 2.5.2). t h
e refurbishment of house

njangaon, Pune facility wa Remanufactured 2 S

Appliance

oOom—~T—~v 4 0 "o T
O 9 > Bt M® 5 0 S5 S5 —

ndulcy e8mi th and Keol ei an

consider the value of resel] . - rnt
i mage, costs and | oss of yield for new manufacturing

(applicable if they are in the Blafwe Matk®R)Seaqherce | ek R
further elaboratedi ng ¢ase r'ehBubiazxiyvring at whirlpool
described in Section 4.4. These resultsFPU8% e also discuss:
Paper Jacobsson N. and Bjorlﬁnrwlar}his example, the products
124E° "~ 1" OEA 2" 1 A1 OEAAOOOETQ CoddieA-tdfy Probl emndfyfhbroke

are disassembled and the rema
The second research questionstadrnmesd.atThedepriodwichg itshet lsarep
a generic remanufacsct ioirnyghpgrpparetsss oaBgsipra,r ea parts from ot
research question, this quesctlieoannddcd andd rteessteald btyo semslyi &g
wor k of ot her researchers ignow ocemmrinudtaicarur edt Andwnmeady

research. This is explained rient ariolreer denaé¢ | agai nhe Nmdteh d dhoa
chapter. In the theoreticalthfisuedampbe, sisrewverhar okteynp epsar
remdmwturing businesses areordsesparebpdr t(ss.eeAndd hiteiromre x amp
3.2.2.). |l ndependent on TéehnopémgnebtathhdmeachrBavgta iy pdids s
conducted, t he products néz2d to run through a
remanufacturing process thatcausie"c:‘e

Engine

According to experiences of hor
remanufacturing companies chc

executing the remanufacturin cor
could either be disassembl e e. (
error detection) or the ins ‘f;";;“:;‘n‘;::d: s
without fir stse mbeli endg. dlims ar Storage Reassembly
remanufacturing process oft H

i nspection step taking pl ace after t h cl ng and

e eani
di sassembling steps (see e.g'.:"%téi%hi'ﬁp%tr?plsa%%ﬁ'e”s%ﬁt%f a
Keol eian, 2004). This is not al%%’QrB' részth%qeernqt,orhoTNeeQ/fér}(?lQ

mednagar .
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I'n the case of *Cummins Ge n 4.8 Rréfarable mMaaufabturioglpmduct prepertiest di a P vt
Ltd’”, Ahmednagar, t acwrinpsasts c fl ow of remanuf
with disassembly of the enfS n&k COAtdENYHFEIgoNn of Ldephiyky
components, then it goes thrSd®PH a ictl e@nSi ndg Phalcle&n9 uhled
the dirt and the debris arePF@REVEHESSEREr £12CHa St L P h SN
through a machining proces'seS@Rk¢fR amfe Mye nOfydy &rre sleianrkedhp i
reprocessedi mendeonsedand majodnbided jinngs0radhéyr to address
surfaces are treated. Next, Sttrad €dfs s mbI 8L tsitO% 1031 oWs® whe
the engine’'s parts are reasJddBREILd PN HiSpaMiyn ! Vi pde® Selnlgij bneeds
cold tested for compressionP&sSiogp) FRciddd altd i@ dRodwma nUefsa;
for water cavities. Applianc esA case study, an Econo
Analysis of a Household Appli
These twowctaw@ sdisthfoer ent wayasndof Rafruralmigs mg orheRecycl e Ho
remanufacturing steps. | n t hkcsoel ogeintaanluf amd uEC ng omi @c esstsueds
internal transports and packanDay enhdt hesipemg ucl$ .st Hat GDr3nc
considered as remanufacturimmgopperrotcieesss fsrtoemst.hel st Papel n
Product Properties EngbeSundinalprfoocre sRee mamiudg arce udi 3) can be
E. (2001) a generic remanufmaturxnf@gsee oEegsr & s4d.déeskcel dwy
based on other researchers’ prepeitthieefRemamyf d otokriinmgg aPtr otp
Whirl pool I ndia Ltd. Ranj arao=on Diina To vaorifuv angd
possibly refine the generic Remanufacturing rth
six remarnuwmfgacdase studies w Step = = =
related to research questio %E‘S&§Sm.tuw
. Product ol 2| 8 =] ol w| £
study and the remanufacturirlp .. gl S|l slslslg|glth
following result of a generi H2loloalnlalalPlsho
in Figure 4.3. EqseofIde-nT'lfac.a'hon x x | x x
Ease of Verification x
Yecaniiag S ———— Ease of Access x| x| x x x
Cores Process Ease of Handling x x | x x
o Ease of Separation x x
' Ease of Securing x
Ease of Alignment x
Ease of Stacking x
Wear Resistance x | x x | x
The RemePtrroi x il lustrated abov
s i properties are preferable fo
remanufacturing process. The
The step c«c®lslsed s‘trasmpmrso f or mpehubskdgapraceesegn tool Us i
toner filling or whatever i seansééeded eaeS wheagf @a &&irad efso rt i
to make the product functionsatlepasgaidepelmdisngtem Wwhi dapenad
on what kind of product is Isaiempg craemmarufodctharedcul ar int
) S The RemePtrroi x can be used in, f
I n many g.enerlc remaneucf|afC|tcurpsnntré%pepr.qq]estsheiss ac SPe | et Heapyo
sequence is shown (see e.g. asctcee'snsh"lﬁﬁfj’ tlhgegs}n'atle'?itan'ssﬁ
see Figure 4.3, t he possiblseolsdteiposnsa,r.e Asthc?"}ﬁrl;p‘@icttri‘%%t, 8 R
speci fic order . The sequence%sit|h§;\t‘\}éﬁreifryen;}\;)hnautfa.[chteurd'rnogdL
process has is dependent on manyc{p{R@rmgren A§r PH& diUfd
desi gnng womkiironment , volumeisdéarﬁ&. Trﬁpespparrq_SSUIatnSd atreest_ing

di scussed
a

further
Remanufacturing

i n
nd

Paper
An

UGty ParcOcPebsrist T €5y Eissenfhgly,

ela %Y ,
Frad c &L& YV ET R

Economifal, st uTreiCrth i

of a Household Appliance R?H‘?”PE%SEH?Begurpirr?gc.esﬁorbyexam
Sundin E. (2001) rESpeCtIVGIcyo'uld make otwreirng esntaemug atodo

expensive to carry out. One
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essential goal in remanufact urfe MANTryks ndiaPvteltdse. | f a part
be reused as is or after ref urfbiWhitpeakindiaLtdt he ease of ¢l ean
reassembly will not bh¥98aThsactfaeseShiun AinAi Fl 2We sy mmaries

means that much effort can e mafesy ibny Py 0diUfLds deesSe &9 Ng n &
wi thout getting the expectedstbuednyefmettshodﬂxoq OSghyu Pdde rFil poenge T
(1998) al so decl ar e, t he rec'aisaebialniatlyys?ts, tthr?edrizaoraﬁrpah@@rs\’p‘
i mportant since it has to goantdhrgoeungehraqt rle&auStt sO0 g el igfe® ¢ ¢
including all remanufacturing steps, and still wor k

satisfactorily. 1.4.1 Vishesh International:

To conclude, this section hg%e sfhio Irvvznt Chgarsﬁzltlsﬁ%“g%/naﬁlﬁfé ‘(f;n‘t&E\?/
product propgrt|es to ConS'dl\/Fumbawplsasmaqlsfamﬂ Hgbausqrnoedsacetarq
remanufacturing. The C'rcumsrtearnrhcr]%sfacscLbcrhnags fparc°|d|“|cttyt%PF
vol ume, r emaynsutfeanc teitrd .ngMwst jbfp oG emsitdedreidwi ng force for
since they are important f acntaotrusr d@lol wontsdéo dgai whanpsetfiing
remanufacturing sequence acnodn t rdielt tetr emi tnd wigr d syhs ceemmi ng t

n
properties to prioritize. Thledsned faislplesyt,sAtgorhed g (fralpfe i tggjessc
in the next section. mostly from | aser printers, p

is only the cartridges and so
Since the remansufiaccluudasg m%"rm%ensl;t% gnufactured. IdCurrent
there.are some essenti al propeeargHezSog(ty Tlfg gﬁ]giqu‘ggét[]?e
have in order to be remanuf%qtetbrnsqequrén%ré f|C|ent manne
When studying |iterature ab oRltc eflié/ma neunfpatcyt ucralrntgr|pdrgoecse5fsreosm
and analyzing then Whirl peool I ndia Ltd. Ranj angaon, Pun
facility to find out wh at Ki nDd safsspmbHact properties a
i mportant for t he different2 rcc?rg%rhufacturing steps, t he
foll owing four properties were found to be most frequent|
important for products, and its parts: 3. Separate parts
4, Toner refildl
A Ease of Access,
5. Reassembl e
A Ease of Identification,6_|_ )
es
A Wear Resistance And Ease7of Hic(lndling.
ackage
Theoretical studies and the case stgudies at Whirl pool I n

Ltd. Ranjangaon, Pune resul't ‘ these product properti e
Rapld P an Adsse sm%nt i
The above stated properties pr the solution to the t

research questi dB stated i”A%EtCotr'dqfhg t oaitrhee ogfu e igouens t i

1.4 Results from remanufacturing case studies: sheet, the number_ of yeses
these in the rating sheet, a
Addressing the fourth reseaarcchHe\éeg'stggnthea Schaese?t’ PHS%C
; ) . shoul Irmpr oveé the mat drhiealusfe
including sSi X di fferent remafnufactur|cgg compani es wa[s
0 space. tPhetr  parts Tt ha R
conducted The case study met hod Io%y? 1.'S deicrlbed -t
amouv\p S i hve-pt ogyeadd WwmpKk
research met hodol ofgoyr cehxaapmpel |rer’|’tehreerte|’o of the s.u h 2
met hod for rapid plant assestﬁlmenq a(R Ag is descri é)(Jy T°h'e°
case studies have not been pur@'lshed; i nstead the case st
reports are included as AppCer’ﬂ%ni nal'%,i's I n this section th
results from t he i ndi vi duay PanaEve studies at t he
remanufacfaci hities wildl beThdeesd:orniwbaend thraiseflla¥. Tlsr,]d?ocr tel
results from the remanufacturing1 C(Pme%/nies areggescrb@?g
. ) and eed 0O bé" reduced” e
in the following order: h o mg.n cartridges that are
‘“Vishesh I nternational ', MaladN, d'nib ai 9
process SsSince the storage of
. . , i ncoming cartridges instead o
1 Go Print
) . many Dypeartrl The curre
i Cummins Generator Technro CPLglll’eeS 116161 ﬁlug%{tsplarcg, consi

Signal Circuits Pvt. Ltd.
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empties and storage f or newRapiRBRlanéssgssmerits . Furthermore, al
parts that are put in storage hold capital for the compa
which could be used more wisldhley.question filled in the ra
yeses and in the connected ma
A problem with this type ofpaormpterahabndiesal shat t hhenaa rir gia
manufacturer competes on t hemosvaemee mtarnkeean oyt mdtf eai @egbakww
cartridges. Having the same ‘'cGostPamenrts afhfoeucd tds wohrek dweistihg nt
t he cartridges negatively rémamufactuemamguipaotcesisng Of ¢
perspective. Hetnsc ear et hreo tp r drebsni sgindeedr , f obru t above these me
remanufacturing. | f t he Obperthatd tohdeal wiwnhh.
remanufacturing business, the cartridges would most 1|i kel
have been adapted for r e maComphny Analysisi n g . Now, when
independent remanufacturers remanufacture cartridges to
the same matketdgegs hareapopt i ndioz eRdr ifndr rhew r evdaoltumed y( il
manufacturing. Due to this,afm@alcClug)t om@H | cehn dgsi viels R a3y igh®
more for the remanufacturedictasrtrre|rrpagquftal"bqurqcntguaplrloycevg%u_l(

he needed. | ar gel yb assteadt.i olnhe r emanuf act ul

Since volumes are rather |O§IiEE%b66 @8?%%8%@'}6&0099%%*??

and number of productsthe uliigdRdYPLelolys. jFurghermore,
i mportance to have a f |l exi blree asrsoecnebsisy. Ehdstie§ttlmrgoucgohu|td1
of manual operators, who c amarpaelrifeolr nf |eovwesr yf osrt edpi fifrerteme
remanufacturing process. CIQ\,@@hrag mddt t eRebabeli lilncarreea st
steps that allocate the nrgeenFanutf'arE‘?u+Png}hr?rsopaﬁegsé?s@slsTohegc
Companycoul d prepare to buy a f||||n ma g L eD as sugogest ed
. i e's" 9t § encJ1 f drsas
to i mprove at | east thef|II|ng step. econ test|ng ma
should be installed in ordertetsc}'§1p9eeadre p b( fe0 & olRaygigng T
foll owing step.
1.4.2 Go Print
Some parts are automated, whi

The second case study was c¢ oSidrucce etdharntre ‘' iGse Bmni yt 'o,nayeingacchh i
| argemamufacturer of toner baflorieddes ad denmbamnyt acrGbz Pri nt
Mumbai . The incentive to sgé\ddndtl}%sppﬁgnﬁ,§§h|\/\haes rroae r

economic reasons. ‘" Go Printman'u%\l,noFNMC panji ke%ftﬁ]ebbpgg
company group and the facility l[im i ‘F % b
the only one of ite h'red4ODVpaédobueSt|rJn sS P pro s €
wor king i n t he company. ‘ P i ' hol ds S09002
certificate, which hel ps managemheqﬁt DRRFF ﬁyM %t?ﬂg C?Jael
management system at the fachfiinty. "r\ HhdnAdSOalC %codnichks n s

are included in the companybéh@eéltﬁoﬂ@lﬁ! freylddynas weé
ISO14001. hey are aware that theitrhebuUsivreds o fi snog osoced afnodr Itehtet i n

environment, whi ch i s usedtpej mMmalirikedd ng in cust omer
brochures.

At the facility, toner cartrppiydgqsgalhael ¢siaepisiudcd toisiedrd n gMe
from laser printers., pholocodieirsg b hahbe®acoll Neert v i
urrently the w atmer e cr aerntanni e

210000 annually. The remanulmI € qu%iﬁﬂagkgofthcearptrroic gsess mr?a{se
foll owing step sequence:

1.4.3 Cummins Generator Technologies India Pvt.Ltd.

1. Receive and sort the empgye Ciagitd d9f£Se study was cond
2. Analyze the cartridges Techmgies I ndia Pvt. Ltd’, wh
3 Disassembly of aut omot i-avlet oanmod i meenn@a A @lIsi n
) Ahmednagar, Maharashtra. The
4. Reassembly and refil!]l t othermake money and ‘ Cummins Ge
5. Post testing Pvt. Ltd’ doesnufhaicst urhirmgighT hre

) ) considerations such as pl ant

6. Tagging and bagging manufacturing to provide capa
7. Packaging their equi pment for new manu
Generator Technol ogies I ndia

capacity through remanufacturi
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parts (remanufacturing) i s morgoodmpgdrergt tmacdonifme mh as
business standpoint. Wor |l dwiydpep| t B&r@andarceappPv¥arl i2n0v0e0st me

empl oyees in both new and rel\m:f"cnh“ﬁrﬁcntd“'rdrpcxg d39°seérﬁﬁl')9n§r@”td
within this facZO(dertoyxnnmaetreelyarfe ?1 ﬂ)lr;['% which mi ht be redu
s at

onnorCummi ns products. The remanu acturing proc
Cummlps Generator TeChn°|Og.h.fcfosslc&gﬁ\nglysig\'t' Ltd’ i nclude
foll owing steps:
1 Di bl In this ¢édeticompani es are co
) lsassem y results are described. An int
2. Cleaning studies was that the reasons
3. Machining process di fferent origin.s. The m'ani
shown by foll owing t erd e i kg
4. Assembly remanufacturers i n Il ndia hav
5. Cold test and other teststrongest driving force while
6. Packaging which have a steady flow of

|l egislative driving forces of
take care oafcttuhreeidr pmeaordwfct s a

Rapid Plan Assesment .
gremanufacturers voluntarily

scored well the categori e tohf thepgprpieppdodgcmanab® FSPHEKI
and variabil and ‘Qualitoyn Sythteemobdelroymamd’,. @&hist mo

In the RPA, ‘Cummins Gener atPo®CKkrelcahWs 1800gdi etsh Usy grieamapny f a qf
n
ty
be the result of its long exp@miwifeantae ramdy sdeg Ma Adniemigd =q Ujagd i
e
t

standar ds. On th other hand, ehk}?rﬁﬁmgﬁ{‘)ﬁl58P|r§ﬂnp°‘PH||é’ i s

when it came o] ‘“Product f 0 Wy u r' é

movement means'’ and ‘InventodrS d&l_c%l%%?l%esveélr?sds g] 5{3 9'
. hi's is als S a g«

Company Analysis envi ronment ad orinpnaarg;e. oAI It hcef [

have economic benefits as dir
“Cummins Generator Technol odites rlemdiinau fRwtt.urlitndy’ bluass nkesasl.
with remamguffaoat awril ong whil ecoOm® ay eartshie anadmpasniome with e

example of a remanufacturi ngobhecdiuse st lcatn dteardtradvndur i n
the remanufacturing boost t hat started during and after
I ndustrial Revaluation in Mulhhaer aisitcterrava mamy Thapaumegn itshe
certified with qual i ars, whichd eﬁUPrbﬁFﬂ@HHBﬁC%F%thHg faciliti
can be noticed, in their nQanunyafectucrcfergandheOSC(é Th.'SFon?a
exampl e, environment al |ssues regarél ckaglr'g,
chemicals spills and processAqshearr@mraag;ara@e@.r|ng compani e
of cores, sp-ime spherdt 9rord utca ls
The material flows are quite agvwmdd isnign cceau stt loemeprso was s patr ep s
the facility oagriecall aisde quwetn ciena ngdhkc alpg v ell ofithin the proce
storage is little bit too h| eci all ce the fir.
t he prgocess—c(éia-nnamg'embhg) |s%perafnlpn and yReprocessh|ng Cr
) tThor the companies
separately from t he espatkagimgyl part (assembly
With the firstbpaed tnheel ataéi ¥pahesh International’,
Furthermore, the machining pr déeedd ail dalidgdae sP Vsto-mel tpda'r ad n de |
fl ows using two assembly Allnnessﬁ thhlch . |naturnC|rae{duSctees
possibilities for these steps ?) 'b Ptgenﬁg 'rcup?spﬁ
Th company has a strongergelationship with manufactur

e

since they are both * Cummi nsla®eln r7atSohro WSe cah l d I1Sd g i0e/se 'l rf die:

Pvt Ltd’ suppliers and cudtodmdr KRPATEE6O0Fre@mhheamathe&ring
0

process at Cummins must follow the requirements of the
RPA scor i ng b ssimdag om%f 055t0v5§’r

manufacturers. The cleaning sxtelp dC'OnUIdthbe I m rr vf S ncg

i s most | adboand itnad keas itvhe Io%g%s%I t Pehe! "Bu?f eF, or Go
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Company Product Type | Volume RPA Motivation (7), Ability to Ma
9 and Quality System Depl oym
‘Vishesh
ishes . Tonelr' Indepe 16 000 55
International’ Cartridges | ndent Speci fic for t he branches one
remanufacturers (°Vishesh | nt
‘Go Print’ Toner Indepe | 540 000 65 hi gh t h t h
Cartridges | ndent scores i gher an o er on m
and | ower than other so0o0omamaa
Gc:ri].:::t?:sr o OER/C complexity and variability).
. as0NE | ontrac | Confidential | 57 higher than other on measur
Technologies Engines . . . .
India Pvt. Ltd’ ted Complexity and Variability).
than the others at measur e E
MAN Trucks Diesel Product FIl owandS pMacteer Usaé Mo v €
, QER | 150 57 ; ;
India Pvt. Ltd. | Engines Equi pment (5) and T.ool|ng St a
the branches of engine and to
QER/C i i
Whirlpool India | Household Ontr;‘ﬂ oo - it seems that h|_gher remanuf a
Ltd. R overall score (i.e. the graph
ted
ST e TS To summarize this section, on
1gna Ircults ingle-use .
Pyt. Ltd. Cameras OER 36000 000 gener al |ssu§s for the remanu
order to achieve a more | ean
. ratings ,di d ot s a uch ut
It is hard to draw any concl_u3|ongs from able y4. ratbn%r
interesti nme. e)stanI t,s AWeg houg t
t hat one company seem to ber moreufeafcftlucrl'enn Cofmroarrrl]iaesl(—anIlDrJA
perspective) than t heo odtohetrhsg.ﬁgﬁahgiosn Csoeuel di nrgatvhee picture at
Print’ holds an |1 S09001 certificaate and have a Righ vol um
process .have similar raef}s w
remanufactured products that" makes it ‘easier to b e I Ccl
and the cartridge types beiﬁgDes{gﬁ%@um%{sactured are rather
similar. Il nstead of onl-gcboeking at the aggregated RPA
it is, at least in this studi, kenypyrilear mitmeae nedsdu fardgé t¢ wrt éc\owapsa r
RPA scoring sheets viewed innfFaoblmatd.oh.béelhewr emanufactur
original design documents, de
Ratiugs Poor | Below A .'\YC(IEE Above A | Excellent th e or | gl n al ma n uf acturer . T h
M . . .
S - protection of inteame@EMa(opi
1. Customer Satisfaction v %ot )
2. Safety, Environment and Order e T equl pment manufacturer ) wer e
3, Visual Management System L with key design information,
4. Scheduling System PERS ; ; ; ;
g - ——a i nformation securit ri sk fro
3. Space use, Mul movement etc. ‘;f“"\ ------- h y
6. Levels of Inventory and WIP | T~ === e —r ma_y_ use t_e same contract rem
7. Teamwork and motivation A;’,—'" IP sticki n g poi nt means t hat cores
8. Cond. & maintenance 01‘.[0015 /1 -"_:T:-‘:;_-;_:J . upon reverse en g| nee ch)nsug]ing a C
| 9. Mat of complexity & vasiablity | .h‘ﬁ“a.:._,_‘:':“; | task that is wunlikely to be 1
[ 10. Supply chain integration | - A
11. Commitment to quality 4 / «
o 1 OEM
Totals / / f / delivery —
/ / ]
”
Vishesh MAN Cummins Disassembly

Intemational Pgﬁt Trucks “11’1- ﬂpoolGenemtOT

' e
Ind]a Torque converter
I n gener al there is a | ow s semanufacture

ancdc
which represents: Vi sual Me
Product FI ow, S p aMoev elhseen tasn d(
I nventory and WI P Levels (6) , hi
score on the measures 1, 7, — t s:
Customer Satisfaction (1), F —’tawamng el a

OEM order)
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Design Problems: Durability perfor-mbhusehindering ef-wonldti ve

. suggest there is trushsuggedht
One keyr eleastigsh problem the rtehrgqnqfe%tnmrf%rctfuqq%cb concerns

was durability. Dur abi | ity i s a key pF?ﬁ’]Bl"{/ecoinncePhR?m new produc!
guidelines, yet the company,h@asteydan i REPOFREMCWHBEI P ha
significant drop in durability over the past few years
Lighter, | ess durabl e mat ebtLbaks ofar d e siingcnr efassa chtgd oyk bceoiun g
selected in automotive desilgfnRebmeé sa uistes ntodeeesyi mme dpurcoec etsls e
wehgyg of the vehicle and t herdeesoirgenegred uaree fruetl comsiudnrtii rog
a clear environmental benefiblecdoweveheyt hesenptodwatrse wef
out at a much faster rate thawmeprsaiwigess edestilgammts, desdgwhae
sent for remanufactur e, hawvecetss alby kdioswd aeerddgeed t nor(jocnahr r y
frequently, oa ditf flieawltt aaredWhwadc Mghobao rrCet u2th07 & Charter
to -hewecondition. Clearly thtihseriesf crostflgedbackustomet fean
should be undesirable to OEMsaitsoiong aswdrtheryeas e YWhgihgrfban
remanufacturing services. TOEMs i sota lgosotde ne namplremahut ae
many conflicts in Wdéd&mrmi mprhevechbl nefmsi,ctorlobeat od mbon &, remai
environment al perfor mance and retained
remanufacturability. FurthefmMmErBemMamel gclcureessiopgs ey edoi
plastics in automotive produchtds®prGe&ninitacCly Wiimh | gpt gMeb| @
these materials are cheaper %ioS GUSeSdiucnes yat0oWLt®t Rifpeone shav e
remanufacture ame| acuesdt, beaRFMgrempaufacturers, tioeshizpec
remanufacturing process mord eM@d Jyittle explored. Preli
there i s a l ack of trust b e
OEM Feedback remanufacturers t hat i s hi nd

. i nformation and di scussion.
Whilst the remanufacturer cWolhjythi d£OUsRT WY s Pif P/l 9t o i b
‘“diagnostic’ feedback rel atigndy tcoe ¢ Ptencdtf irf P diuc ti fRdd
faults, they were unaccustogedg dt9 yprionv\,iod|ivnegd PIhRemM mGhu® a

design adptoinfi zf eedback to t he OEM. Overall
communication with the OEMs l@latsgratiooof BfiRetheaspects inta EMSs® mp | e x
sl ow and generally wunrewarding procedure. One reason

given was the globalizationThd fihfel kodnpdnlast crepareschy
management responsible for makiiedg adle sy n0 fc hhehyle®N RBPI prE P
l ocated in another country.cqQyld shegbedtgsgsénpegdrahagd e
acclimatized to design nor M&8N&ah&amMenfe SYaShe® Myor kKEMFS) -

conditions over ti me mean e thpdiol e} sgndideragrscgpe wa
remanufacturing plant are uneSpelal Cho AUESEyRNze ' PPEEALL O

designrelated issues. Df Re m, whi ¢ hn caosu |l ad pbeaer ts eoef Df
Df E were <considered. This se
Confab results from this investigat:i
det ai | in paper ‘“Products in

Mappi ngabhheaboignal ConditiO”SSystthearﬁs:e”BP'§ePEBe”Batr°rieerrs a
be integrated into the desiigph oRILURGEESS N BEII PHRMEn WA It hma
review of the literature foqoll onedi tbyy s@ pbiylohmrﬁérﬂjtgé’rgo‘c\]
remanufacturer’s prreorbalreun‘sacpglglﬁéglf_llvlve|y_ This research p
relationship issues toma'nfC@f‘aquni‘atfefreactturtehestiJ‘d)ﬁgdfat\hhat t h
into the design process. Theg sRihelgpMyshafdrsd iot ¢ hEBNESs fkéir‘héa, 0
automotive contract remanufsaocnt,eutrienr]esha\g%||r@ase¢jrosdqueq 0
i ssues that should be takenmainnatgoen{eunrttrgeyrstcéangsi(nger%tSi)qn.A
common criticism of current sqfuRjeyn? OeUyi tdearnCae] T8y dihtddr d twd A&
Il i fecyecnlees sawarjeomah W, Mc Ma hgng Ci'ntz@é)ﬂat&i o u IJI-ence, the e
FI ower s W. 1999) . The fact that the used products in th
study had been designed for opti mal environment al
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morcd osely in order to identbeentipeiesemdlea dfn ilntteegraatuirneg
and EMS. the concepts have been gather

di fferent | evel s, as shown ir
1.6.1 Experiences found from the literature study each alreev eal | affecting to wha

A cursory study of differen'tntPe(gél\ﬁ‘éer(rjméler:‘]ldé,Oret.BF3 omuotdceqns]e
presented by Cramer and Al 0  cooosm——— . :

Klhinkers et al. (1999) 6 Roéha c h|haracteristics of the company
and Silvester (2001), show t
general |l evel. However, diff
categorization of what bel or|Characteristcs of the product
PDCA <cycle varies. On an ov
ref ereintcecds above and the aut Outcom
following general stre®lsatoddn POEMS approach and activities
of a POEMS model can be stat
Figure 4.6 The described pr . .
first implemeMS, atwihdn ho fc oau | PdC External drivers and barviers
by companies with or withourt an exlsting EM> oOfr otner
management systems. From a theoretical and enviro
strong incentives to integr
P spralriviein standardi zed hEMBi ngfcého uEMS el
4 Tostrof D apmintion s el contributingyctie @erlspgective,
e T organization to identify the
materials and energy upon whi
. 1. 2 Responsiblitics and procedures environmental perspective, ma
ot | BT | v speciing souesedponave,
mr e seviy e st already been solved or cle
development and other product-related activities environment al i mpact caused b
in the form of diffuse emissi
DL it s Consequently, from an enviror
it gerpinais S covvering a wider scope would b
mor e usef ul t ool when stri
devel opment. On an organizati

During the investigation it awads EMSu ncdo utlhda tf orsetseera rhceht tf @ rn dri
of the outcome of POEMS ar el esacsatr cehode naet itvhed y su phpaloyw v é
draw any general conclusionsinfegyhatébhecobsl df apebMbmpha

on case studies, it is knownmetnhbaetr sP GoEfMSd ipfrfog reecrtts dlg p avretnme
supported by, for exampl e, amarys blet aastes umay obenakeuDf Eukf f
i e. lead to consistent aomd s

Studies of normal EMS show tth;)ao‘a)f’essesairtCLPaetriSorh,aViet dd o f < €
opinions coonwkheatni eaxgt ent EMSi'ﬁ?%@WE??%naQQ divided into t
affect product issues. Some trheeseianrtcehgrraetsiudﬁSofbe@ﬁviwliéﬁ‘ﬁléﬁ
the fact that DfE and EMS acdteivVeiItoipen?enatr epridqéeesgsr,at\ﬁrﬁji hd 8
while other findings indicati%tte%arta)tftirblehéiB'FoBﬁEWe‘?jrév%fl%p‘

EMS is weak. management system of a compan

To what extearte cwimplainngsand gGaR ,  MaPagdeén i onment al audit
integrate DfE aspects into  toheesiy| tMHN 9 me et i%n%%trqrﬁ%ti$o
dependent on many different foaqtqorsyunddi &°PPH3FH 'a2s2nabl
to assume that what is an imRpEhLRBtabaGbAl - bAr EMEEaRE B
individually is also i”mi(m'rta}(rbtrl%%rb%‘?rnzionogltahnedrAJnfﬁéﬁ’Sérg
Accordingly, success faCtor%anq/riinﬁpfosrtarﬁrpt baLEl §F s tarbaatrtl
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adjusted as well, to reach Wwvmpwsvermenngtesd i hr emvial ¢ mwe mtga | .
performance. The | iter atwithr e detmadcy i mags ac amoplee merdtiesd i ¢ app

the study of the role of external auditors, of which the

is described in following paCrOdT‘dT‘rod1dWs.me”t'°”ed bottl eneck
di fficulties i n receiving us

1.6.2 Experiences from external EMS Auditors resources sitnaftferamsd ocfompet enc
comment was that |l egal r ui

The significant enV|ronmentgbwglsagctasSgggthgnﬂ‘Q&ng@1 :
stones around which qtuhemtIEIyISmdtrpy BEEt se€EMNS®Y have a |
| arge extent, t he environmegrtal gég@dzéi,vfen@,ﬁg, c%fuléhgé\‘?
systems depends on the extqzrétg t (ﬁ‘uFlhenPernotsUCér?d afft hot
product-r el at ed aspects are C|a§§b{|é nashesigadifiicainds. TdLe n
answers rel evant to this psesrusep Pldvéatﬁﬂgnythﬁ‘éllu%?‘b%s|
concerning todes c wh sled dom are; {jeyd epdOI sources) have be
significant aspects and Som‘?tnism‘:‘e%\dt,heeynvrﬁyﬂr&crt'}rpebqaﬁaggaiCB%'/ret
as environmental aspects at @llge(Thigs gneans thatigtmepkioc
seldom paid to product charvaicttae|r_isédrpsseqsuuecnq|§,s: FegmunGe
demands during the use ngtfasg,gsi '@B%%?-’Fnﬁ“hiwgdbpesEope W0
l'ife phase, recyclability, &S a more useful tool Wten

However, incoming goods anddeenergoypnortmally appear to be

among the environment al asp,gctm%,Joyvhtg;hoqs tPhOeS i 4 i yi€t orFLO T
instance, a few of the auditp%rsgi%rinprp@$iegeqotg@}eﬁ@mggﬂig
mpr ove their purchaseg qﬁrog,@§_ur@§l|yang @l db¥N t hem ask
hemical s. Neverthel ess, ma’f‘br?nﬂ?‘é(?f%né"SroegraervdqalqlgedprtJ‘oaJ
he requirements posed to SupRli§fg atPddhisd thectnrdei dr & QuiP @

t

(0]
e
e

r
8
¢

q
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mpanies’ poa$subnkectyicéiee dpohdagsesSy| t ants. Many intervi ewee

ter the manufacture. To ef‘ﬁertﬁ@9tttr|&‘ﬁsT“%§tiin'F‘B%rm%u%J'ﬁE
ow of materials and energgoﬁhﬁgtiiﬁlg_luded in the EMS, t !
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andard requirements, or at |l east their application, shi
altered so that pr aodeadt dissseesenagehan wahe rceognanect i on
vironmental aspects appl i esusttoo mearnudemanuds ngeemmpanbes C
includes consumers as well a e

The assessment of environmenn{ua|ltiansapteicotnsa|iscgmﬁlgﬁpegelwieqaet
guestion. It i s worrying thaa(,ttoprrSOdeiCtEIhiarssipU?ru?iésstﬂﬁiengIdrPdT\/earz
judged as significant and t hgagty | sjogne §19F5nr5)|ainé,e§_abghregl%qtea‘
t o assdeuscst parsoppects as signifpgapky p@ﬁ?&lﬁ‘b{b’oﬁpﬁﬁﬁipﬁcrea
many i mportant resource flows are clearly connected to tF
products, which is why, a c ¢ d.6.8Gompprisonof Auditoess e xi sti ng standa
formul ati ons, they ought to be considered as significan
aspects. A problanmdaird dhes' hhoe '¢¢fdrate how the auditor
probably cannot, define the NOWopeoBEMRfaIEMPS tan@ORPRESE GN b
how to weight aspects that &x@&add r@mMemd st #d amnj od heysrea s
five important areas the ans

Concerning the complete EMSclassabsedutnrt mapmomei afy tolfr eehe
auditors stated that they are Mmorcesmgde foenr aab Isep efcribf nivda efwami

Thi s means that a dominant pfaArveofartelaes EM&Enaet medt i(dsheant
procedures apply to the certpiafrieend heisties.) : To what extent t
activities and proceducegs!| ear e based on a i fe
perspective, and are complemen&té'e what EStEartt sptAduchse
nt

focused on otehdr fehayes ei,nviahi eSS 9Fh&ET £ @At opEVI ronme al
depends; sel dom)
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A 1f environmental consid@r®tiafdaptagd FdduiFemanwmfactu
product devel opmento (iyrsémehcenmaeonf)al benefits achiev

A Wh h i ¢ (it e § t hree emmevnitraolrs easn arl gf erred to
at these requi r(eifmeycle;st eNELMPaS Y 999 . Smith and Keol

depends; site . )
P ) remanufacturing of the studie

The Scope of EMS environmentally preferable o]
(Site + other important partmsatefrllraslts' Tthe',s t' e n Illfde Whyecnt
yrcec ng the product’s mat
Wh a't kind of i mprovement s awiethreaqtnierwednahofb@tureead:hperdodu
(Operational ;atoikonmnwalt;h damg'atn idandi-iwi) f e scenario for specific
. . t he remanufacturi cont ext
Figure 4.8: below illustrates th arlatldon P?gre?.?onses(
. .Wh technolh gayg t])at its i &yva.r
the auditors. |t was surpri sl g to see. t he I ereﬂce bet
. ) that the figures or the Xerﬁ
the auditors responses. Only one audi or ended up in t
. r(ggresent })\ F Sﬁwnlgﬁ I N, resc
same category for all d¢hief tqa t%ons. t g 9 er s
. manufacturing an I sposal. ph
bet ween the different groups, i .e. from->preferable opini
. hotocodoy machines are nsmneeg
to standpoints | ess advantadeous faor the enV|ronmen{ .
duri ng the user phase, his
Areproducts  Are environmental Whatis the  What kind of environment al burden is geneil
considered as  considerations  What do these atis the improvements . .
significant  required for product requirements narmalscog‘e arelotie a g gr € g atin g t he environmen!:
spects?  decopment?  encompass?  TWEMST remanufacturing with those g
A 3 A L] phase, the savingsanufnacpteurrcien
Life-Crel | ess t han i f only t he manuf
Often i == Operational . . .
considered. Al t hough this inc
| LN AL NS Ho cycle savings of remanufactur
withhigh-ener gy i ntensity during i
™™ OK with
It depends pr— cannotbe negl ected. From a resou
Vi ew, remanufacturing stild/l p
""""" |l evel s of energy intensities
Don’t
s'““"q Fien These issues were also discu:
______ (2004) . I n theirncduady, ftume
equi val ency between new and r
expl ored. The anal ysi s of p
efficiency bet ween t he t wo ¢
Unclear answers criticality of this parameter
: . . fuel effdrami'd-e'nz d automob|le
This finishes the research result ha*pter gaddr essin F
) remanufac ur ed engi ne cam%ylcaled
research questions. The results can be further ,stu
) ner gy, whereas a decrea i
the appoemapers and in the remanufacturi ng ,cas.e
) . _ would gated[he b_enef|ts pr o
studies in Appendi x A. The next cha[t) er %scrlb.eg cti %
) . ) engi ne, ,roug avoi dend andmat €
di scussions and conclusions of thlst i.s s rt§1t.|on.
manufacturiong (Smith and Keo
2.1 Discussion of Research results technology of the new produ
remanufactured product, coul d
The first research question eVVla/S'ronmentaI i mpact. Paramet

. v m A s i s s e d_ bovesuhhsakn'ueh blye
1.) O bOlIl AOAO O I Al OAEIAIAOKD@EAEQOI} IOEIEEeII I~ megt hanage
Ai i DPAOEOIT Oi 1°x poi AGAG' T'AT'0FKED BEal 6 AWri & ge.
i AOG” OEAI O AUAI El Ce technol ogy cons erV|ng aspect

Environment al reseaaflmhfeessctdn%? l%IJcstcuss el*rltId be easy to up
for products often put rema&?o%cﬁuhh?%r?ﬁlopgsf} &erénpé
preferabl e alternativesg,\NliIhﬂsﬁtsOplrsosdeurcttatrleonhanpf]gfzturrlnpanufa

geometrical form of t he prsocdeuncat“bs reteapll ecdemgﬂfj V\htﬁw :
associated economic value 'SHopvJeevSeerrvefdr nt ant e\,epraoldluctns\”a
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clear that remanufacturing Psna. pThd eWhibrd lep coplt i lomd isa nlLcted

may | ead to Hi gehmarssamnwentdeocworn gd fasoma ehagse for the | att
the amount of transports required for the remanufacturin
process. The environment al aspects of

elucidated in comparison wit
which consequently would i mamad a&€ t bt hien ge pampdit wasdtemithabdlis r e

efficiency of EMS. Accordingnloyt, e@fofcsetli bs$ et ot @ d jduescti dieh e whte &

I SO

14001 and the siyosnt ewnsu |lfeonrnbiertosamapphi tgt preferable or

advantageous from an enviromrhdrcthalofpaihet eoafvi vioeawment al as

mo s t i mportant . From a mater

Furthermore, t he k”°W|Edgeré‘alﬁn°u“ftacPBEirﬁ‘g“dwaerPQHﬁH to b
devel opment among the EMS pcroacnteiV\Finﬁ’annedfsacit%riiWeorfto?ntat |
when integrating Df E in EM§§0dLW(f‘te§1. ihptiesr Vil Wi gy jthhe® wi t
external auditors tihter was s olysHASagekds othhat; ey menti oned.

knowl edge among the company EMS practitioners. The
external auditors’ rol e i s Famutdh ¢ r maocrceo,r diinn gt htices t he s HEBVSe
standard and not to work a ciomcsluldedti foa Qe emarcu fraecnaunruif
companies. In some cases thedawditftorsl.t Fams feaarc hk md wltehdegsee
about hfeE nmaonutf act urer s andptbepeefioee haawe admso been ide
i mportant role of facilitatimag rtitke DOfhesaend eBEM$Stisnwegeateie:
conducMwnbain, Pune, Dhar and A
I n order to have design for gtelgn@@ugpgburriegg@”atseqjecitns §'Lpd:dé15
i n t he manufacturing Coméjfaf”iiceisenceynvoifrOt”h”ée”rﬁaan|ufacturi
management , these aspecttsheshoul d be brought up at
companies as significant en¥inahmgntdalhi asplécstsertByi odoaoing
this, there woul d be progdasmisgndefadti ng emwanhf atchas e ng
remanufacturing aspects. Fumtteégmrantoed ,i nttltoe t hbeneept r confme n
remanufacturing shoul d be mabufactkuorowing ammp g nitehse.
companies and the extter nsaplr eaawdi tors in order
knowl edge and put up goal fB8F tRe&ahUfatbtttWPnyeais Qfhet!
external auditors address-tHE@CHESnYREcPY e LD tHERYPETHPPP
cycle perspective on their bfudsCiinlelstsy -t hTeh €man€uSteadc tCuly erhesEl ut|
be more likely to adapt the Ue&hnRgartimedingi adpepds vielq i (A
envirohmeanagement systems. researchers’ results and throc
analyses. As the previous sec
2.3 Critical Review the results of addressing the
objectiivlel ad. fTuHifs di ssertat:i
I n this dissertation, five rpersoedaurccthS qcuaergtﬂé)néegvieéﬁege§oitp
to address the research objepcrtoicvees.S Asgd s yeorpmaly gi n gtehsicsy ik
research the amount of timeraer}rpanruq:sacbqrucrqsngi sprloicrréistseds. Sd
the number affimgmaoumpant es wjtfhejadustrial
process i s Il ow, especially i n Maharashtra, I ndi a, t he
researcher had t o gat her dlann ag efnream | pvét seast hed asddeiads .otfh
Therefore, the studies have fnoort rbeeneann ucfoancdtuucrtee di si nb edceopnti hn gb
this has not been seen alkis t e nadfflfiefcet ctohnes irdeesreaatri cohn sr easruel tbse
i s due, since the research thmaveedbeény onAlat hhoiugghh dredv © o tr
detail ed l evel concerning ecemantfi act wreeqrusi r ement onsoday,
driving forces, cost s, bott lainceicgkast eéedn ttdh ec Ipa o g-daskslawis and . p H
the main characteristics ofottther remainudmamentrahng | egcisl at
have been. iwerntthdrireadr e, the qoadtc¢ct éedsRPAs utseevde pr odu-oft s t
compl ement ed t he overall giidteurvei | bf bdadcemeamal ywecassity
remanufacturing facilities. Hlohwee vreers,eairrc hr @akri ttylpaté ¢ & mwojurl &
concerned more in depth stuldfiResmaacttihwei tryemamuf adustirgg a
facility operated by Whaon | piomporitnadnicae Lafd. Dfl RenRamgagsanget
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problem that requires deepegodln,veistt iigsateisosnentGailnitrhgatneéew
knowl edge and understandingdes$i gviheant a@aoedibkens ienablceons

ef fecti vieo Dfarkkeem pl ace wi l | miagssingate maogr esst haDfpRenvi
making the task more accessirhdsedrnchlesiigwever, Tbhashidees
goal, it is essential that trhemarewfua atemreert smafyf thhee OEM lam
designer are taken into congivekesrntdtgiadn,onahd®alhaegen twiatth
missing in manyewvfel opemept s vroegbmanfuReanct ur er . In order to
research. However, this doesDfnRetm mena s snudeussttsrtyb,p iasedssbfnt
remanufacturer may be overlpadkoed,ti aati admeroeff oremahirsac:t
investigation has begun wirtehmamu f piclt @atr erstwadmmuaofi c aatni on,
Furthermor e, in this disserbaéeénohi ghlei ghtegpd da sh aitn amrese dt 00
includaedeineric remanufacturang pmuaectcesssoneavef bebée i ssues
identified. For each of thesensiteé@rsatitdr wher emaapbpien gp rtohc
properties have al so been i ddeenstiigfnieerds itno schaarprey od u tt heef fResarmF
matrix. These results were vprdddsgd. by the case study ana
conducted in MumbBaid, ARmeenaBlar. The case

study also resulted in sugg@edfuteReseardhs nhow to improve th
efficiency of the manufacturlng rpersoecaersch Wit hin t he fem
Finally, this dissertation G§HhBRIuRdd by dhhSo dd Sisswithing § 1 ¢
design for remanufacturing! @BPpnekfiactgsing thheatpdeed, fur
i ntegr ateedeniviitroontnent al manalg@feny K% e@veibeen found a
manufacturing companies. are.

For the first two years of AMioer er eesceOanrocnhi ecr *sst Urdd eesa rod h W@,
focus was put on the WhirlpodlI®Tl mdiC MPadny Rad jSalndgalo nd PPUSH
facility. The research resul,&Msordeer-iv&&éggﬁgggrte%%%%fya%qrusr
then beékehiemd and verified thzongdvestadmese 0detodihledd pict
researchers’ results and thrgstwgohh t he overseas case stud)
analyses. As the previous segction discussed and conclude
the results of addressing th Morreeseaar} Ihysq%sesc{,?_%%grphggrgso%{v
objective is frulaftuIoInedhasThdlesscdusb&efnahncyvaa(:turlng sector
products can be designed t o AMae el irteastee rtcthe arbeomatn ulfi @wd U b |
process as we l | as descr irbeerdan thfoawct thiengekuusi ngsses
remgn_ufacturlng processes Cglolorbee r|emprochd cto%cgremmr?grehow
efficient. for the combination of the ¢
I n general, it can be saind tﬁaetmarngégg}cljﬁl'nr?'the area of
for remanufacture is becoming increasingly relevant becau
endf-l i fe considerations are bzéé?%f%%”cr?sg increasingly critical
to industry. Al t hough few companies may see DfRem as an
essential requirement today, [ild APE2dUietad Tru@dde Bt &% sB.j
anticipated Wbemhanb@d(llawstandtake()f an Aut omobicleeedich gig ¢ ho,f
other environment al legislatilddereatvieonpEmsWogikimgy £gmin
quantities of used produofts tdh8elNEtRWEthandési §nbfor end
i fe wildl become a necessity to retain competitiveness
However, in reality, ite woml d 2appé&nbynaBraed (H2Q0&as " T
Df Rem activity in industry af80la®adVappd&OiFati oR" FbresiShe
i mportance of DfRem has yet lthdegescjieaciezebfnt errmnrsi siks 3l

problem that requires deeper UdionivielsO. 14686:8108B9. E Gai ni ng new
knowl edge and understanding of what conditions enabl e
effective DfRem Itof atcake tmalt®c épFloymreanrberpg, J. (2003)
making the task more accessi blENVtior agremdg ytnaelr sMamagamaney ey
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