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ABSTRACT

Theauthorsstudiedstrategicaspectspertainingtoadoptiondrivers,challengesandstrategicvalueof
AdditiveManufacturingTechnology(AMT)intheIndianmanufacturinglandscape.Anexploratory
qualitative study with semi-structured in-depth personal interviews of experts was completed
and thedatawascontent analysed. Indian firmshave identified theneed forAMT inR&Dand
prototypegeneration.AMT implementationhelps Indian firms inmass customization and eases
themanufacturingofcomplexgeometricshapes.ThisstudyinsightswouldhelpAMTmanagersin
emergingeconomiestoenableadoptiondrivers,overcomechallengesandaddstrategicvaluewith
AMT.ThisisoneoftheveryfirststudiesonAMTwiththeoreticalperspectivesontheMiltenberg
framework,adoptiondrivers,challengesandstrategicvalueintheIndianmanufacturinglandscape.
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1. INTRodUCTIoN

AdditiveManufacturingTechnology(AMT)or3DPrintingisamanufacturingprocesswherethe
finalobjectismanufacturedbyadditionordepositionofthemateriallayerbylayertobuildanobject
froma3DComputerAidedDesignfile(RaynaandStruikova,2015).AMTcanbeclassifiedinto
seventypes:(1)StereoLithography(SLA)(2)DigitalLightProcessing(DLP)(3)FusedDeposition
Modelling (FDM) (4) Selective Laser Sintering (SLS) (5) Selective Laser Melting (SLM) (6)
ElectronicBeamMelting (EBM) (7)LaminatedObjectManufacturing (LOM) (Vasquez, 2015).
Thesetypologiesdifferonthebasicprincipleoffunctioningthatisthemethodinwhichthelayers
areaddedovereachother(Vasquez,2015).

AMThasextensivebenefitsintermsofprovidingavastrangeofdesignopportunitiestothe
manufacturing companies using it (Klahn, Leutenecker and Meuboldt, 2015). One of the main
advantagesofAMTisthatitprovidesaflexibilitytowardsproductionofengineeredtoorderparts
withoutincurringheavywastageofmaterialwhilemanufacturing(Koren,2006;DolguiandProth,
2010;Berman,2012).WithAMT,thelimitationsofconventionalmanufacturingdonotconstrain
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designers.Thedesignersgetabetterlevelofflexibilitywithgeometryandshapeofthefinalobject
(Schumpeter,2012).AMTcanreducetheproductionlifecyclematerialmass,energy,andwater
consumptionbyeliminatingscrap(CozmeiandCaloian,2012).Further,CozmeiandCaloian,(2012)
arguedthatAMThasapositiveimpactonsustainabilityandisasteptowardsgreenmanufacturing.
AMTalsoprovidesacertaindegreeofrepairingandrefabricationofoldandwornoutpartsthus
enhancing the cause of sustainability (Kakati, 1997). Further, AMT helps in sustaining higher
mechanicalandthermalstresses(Klahn,LeuteneckerandMeuboldt,2015).

AMTliteratureisalsorichwithnuancesofAMTaddingbusinessvalue.AMTaddsvaluein
differentindustriesindifferentmanners.AMTaddsvalueintheaerospaceindustrybyincreasing
theperformanceefficiencybyweightreduction(CozmeiandCaloian,2012).Similarly,AMTalsois
beneficialinmilitaryapplicationsasmorecomplexanddynamiclife-savingtoolscanbemanufactured
withouthighrisk(CozmeiandCaloian,2012).ApplicationofAMThasbeensuccessfulinthefield
ofspacetechnologyasitenabledmanufacturingofpartswithdifferentcompositesandalloys(Koren,
2006;DolguiandProth,2010;Berman,2012).

AMTintheworldofmanufacturinghasbeenchristenedasadisruptivetechnologicalinnovation
(Campbell & Olga, 2013). Disruptive Technologies (DT) are such innovations which have the
potentialtocreatebothnewmarketandnewvaluenetwork(Christensen,1995).Further,Christensen
(1995)arguedthatDTseventuallyoveraperiodwillalterthecurrentmarketscenariofavourably
(Christensen,1995).AMTcarriesthepotencytobringrevolutionarychangesinbothbusinessmodels
andecosystems(RaynaandStruikova,2015).AMTisonesuchmanufacturingtechnologywhichcan
disrupttheexistingmanufacturingfieldandorientitinadifferentpathaltogether(Englyst,2007).
Intheearly2000s,3Dprintingwasusedonlyformanufacturingprototypes(Ortt,2017).Through
subsequentadvancementintechnology,slowlyAMTisbecomingthemainstreammanufacturing
incompanies(Ortt,2017).AMThasprovidedtheeaseofprintingasareadytouse3-Dobjectfor
manufacturers.Thiscandisruptthetraditionalmanufacturingprocess.Thus,itisarguedthatAMT
wouldhavegreatimpactonthewaycompaniesdesigntheirlong-termandshort-termstrategyon
technologyandmanufacturing(Kakati,1997).

TheauthorsinthisresearchaimtoexplorethestrategicvalueofAMT.Strategicvalueisdefined
asthebenefitthatafirmmayreceivefromtheextantconsumerbecauseofthestrategicinitiatives
undertakenby thefirmoverandabove thecosts incurredby thecompanyin long-term(Mellor,
Hao&Zhang,2013).Itisarguedthatthecurrentpolitical,economicandadministrativescenario
inIndiaisfavouringthemanufacturingsector.Nationallevelinitiativeslike‘MakeinIndia’area
boostformanufacturingindustries(www.makeinindia.com,2017)AtsuchjuncturewhereAMTis
beingadoptedbyvariouscompaniesacrosstheglobe,Indianmanufacturingfirmscanalsoutilize
theopportunitytoincludeAMTintheirmanufacturingprocess.

IndiancompanieshavestartedtoadoptAMT,butAMTapplicationisstillinitsnascentstage.
Theauthorsinthisstudyexplorethestrategicvalue,driversandstrategyimplementationchallenges
that firmsare confrontingwith respect to adoptionandapplicationofAMT. Ithasbeenwidely
advocated in thedevelopedcountries thatmanufacturing firmsshould incorporateAMTin their
manufacturingprocess.

Thismotivatesauthors’forconductingthisresearchonAMT.Therehavebeenveryfewattempts
tostudyAMTanditsimpactonbusinessstrategytillnow.Thus,thispaperisoneofthefirstattempt
tocontributeaboutstrategicimperativesofAMTintheexpandingIndianmanufacturinglandscape.

2. LITeRATURe ReVIew ANd ReSeARCHABLe GAPS

TheintroductionsectionmentionedthatthereislackofavailableresearchmaterialinAMTdomain
with respect to Indian industries. To study literature on strategic value with respect to additive
manufacturing, the authors consulted online journal databases like Emerald Insight, ProQuest,
Googlescholararticles,EbscosearchhostandIEEE.Theauthorused‘andlogic’andAMTkeywords
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composedof‘additivemanufacturing,technology,strategicvalue,3Dprinting,manufacturingstrategy’
forsearchingpapers.Atotalof36papersbyvariousauthorswereidentifiedpostsearch.Theauthors
fortheliteraturereviewhoweverfoundonly23researchpaperstoberelevanttothetopic.

TheliteraturereviewfirststartswiththedefinitionalperspectivesonAMT.Acrossliterature,
theauthorsobservedvariousdefinitionsofadditivemanufacturingand3Dprintingasstatedby
other researchers. Khajavi, Partanen, Holmstro (2013) defined AM as a digital technology to
manufacture3-dimensionalobjectswiththehelpofaCADfile.Pannet(2014)haddefinedAM
asatechnologytoprinta3DobjectlayerbylayerusingaCADfile.Nonino(2017)hasdefined
additivemanufacturingasamanufacturingprocessusedtojoinmaterialsbyprintingitinalayerby
layerpatternusingaComputerAidedDesignfile.Manyresearchershadcommentedthatadditive
manufacturingasessentially3Dprintingasatechnologywhichhasthepotentialtodisruptthe
existingmanufacturingprocess(Dawson,2014;Hyman,2011;Lipson,2014;Merrill,2014;Potstada
etal.,2016;Soubra,2013;Sung-Won,2013).

TheauthorshavealsoincorporatedtheMiltenburg’smanufacturingstrategyframeworkinthe
paper(Miltenburg,2005;2008).Miltenberg’sframeworkisbasicallyusedinafactorywithinfactory
setuptodeterminetheproductionsystemwhichcanbeusedforafactory(Miltenburg,2005;2008).
Miltenburg’s frameworks isgovernedby sixmanufacturing leverswhichare-humanResources,
organizationstructureandcontrol,productionplanningandcontrol,sourcing,processtechnologiesand
facilities.InMiltenburg’smanufacturingstrategyframeworkapartfromthesixmanufacturinglevers,
therearesixmanufacturingoutputsnamely-cost,quality,performance,innovativeness,flexibility
anddelivery.Miltenberg’s,(2005;2008)frameworkcouldbeappliedforanalysingthecurrentIndian
manufacturingscenariowithperspectivesonAMT.Thesamehasbeendoneinthispaperforanalysis.

Subsequently,theauthorsinthispaperhaveclassifiedextantliteratureinthreetables;Table
1describesthedriversforAMT,whileTable2enliststhebenefitsofAMTaspervariousextant
researchers.Table3tabulatesthechallengesfacedbycompanieswhileimplementingAMT.

Intheliteraturereviewconductedbyauthors,itwasnoticedthatthereisalackofavailabilityof
literatureonthedrivers,challengesandstrategicvalueofAMTfromanIndianperspective.Mostof

Table 1. Business drivers of AMT

Sr. 
No. Authors Reasons

1

EdhMirzaei,
Fredriksson
&Winroth
(2015)

•AMTleadstoeffectivemanufacturingoperationsduetoreducedleadtimeandreductionin
non-valueaddingactivities.
•AMTcreatesarightfitbetweenmanufacturingandmarketingfunctionsbecauseitaddsvalue.
•StrategicalignmentofmanufacturinganddesignfunctionscanbeachievedthroughAMT.

2

Khajavi,
Partanen&
Holmstro
(2013)

•AMTcontributesbyincreasingvaluetocustomersbyreducingleadtimeandproducing
moreprototypeswithlesserresources.
•AMTprovideseaseofMaintenanceandRepairOperations(MRO)byenablingeasyprinting
ofthedefectivepartsforreplacement.
•AMTleadstodecreaseinholdingofrawmaterialinventory.
•AMTimprovesefficiencyduetoincreasedthroughputrate.

3

Riis,
Johansen,
Waehrens
&Englyst
(2007)

•AMTbroadensmanufacturingvaluethroughincreasedmanufacturingagilityby
manufacturingtheproductinlessertime.
•ChangingdemandofcustomerscanbefulfilledwithAMTwithlesseffortsasquick
customizationispossible.
•InnovativemanufacturingpracticescanbeadoptedbyimplementingAMT.

4
Cozmei&
Caloian
(2012)

•AMTprovidesproductflexibility(asquickchangeindesignispossibleasitcanbeeasilyprinted).
•Decentralizedmanufacturingispossiblebecauseofthepresenceof3Dprinterandmaterial
atvendorlocations.
•AMTfacilitatesreductioninequipmentandmaterialcosts.
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thestudiesthathavebeenconductedareindevelopedcountries.Thus,anIndianperspectivewasfound
tobemissing.Theauthorsinthispaperhaveattemptedtobridgethisgap.Anexplorativestudywas
conductedbyusingasemi-structuredin-depthopen-endedquestionnaire.Interviewofexpertsfrom
differenttypesoforganizationsassociatedwithAMTwasdone.Theresearchwasalsoconductedwith
amotivetounderstandthecurrentlevelofadoptionofAMTinIndia.Further,thestudyalsoassessed
thestrategicvaluecreatedbyAMTforthecompaniesadoptingit.Theresearchwasalsoconducted
withanintentiontounderstandthenatureofgovernmentsupportextendedtothecompaniesadopting
it.Thiswasimportanttounderstandsincemanycountrieshavepreparedpolicy-levelframeworksand
includedadditivemanufacturinginthenationalmanufacturingpoliciesoftheircountry.Theauthors
alsointendedtofindouttheshort-andlong-termstrategyandgoalsofthecompanieswhohave
adoptedAMT.Theadoptionoftechnologyhasbeenstudiedherefromamanagerialpointofview
baseduponthebenefitsofadoptingAMTandthechallengesofimplementingAMT.Ifonelooks
fromafirmcentricpointofview,thenfromaneconomicperspectivetheeconomicfeasibilityofthe
technology(AMTinthiscase)becomesapivotaldecision-makingpoint.Cost-benefitconsiderations
aresimplisticyetwellentrenchedinliterature(Quah&Haldane,2007;Layard,1994).Costbenefit

Table 2. Business benefits due to adoption of AMT

Sr. 
No. Authors Benefits

1 Kakati(1997)

•LowforecastingerrorcanbeachievedbyadoptingAMTasJustInTimeprinciplecanbeadopted.
•ReducedrequirementofrawmaterialandworkinprocessinventoryduetoadoptionofAMT.
•IncreasedthroughputrateastheleadtimedecreasesduetoAMTimplementation
•Reducedscrapandwastegenerationratesas100%utilizationofprimarymaterialcanbeachieved
usingAMT.
•IncreasedflexibilityasAMTprovidesoptionsforcustomization.

2
Weller,Kleer
&Piller
(2015)

•WithAMThighcustomizationispossiblebecausechangesindesigncanbemadeatanearlystage
intheCADfile.
•FunctionalimprovementinthepartgeneratedusingAMTcanbeachieved.
•StructurallyrobustcomponentscanbedesignedbyoptimizinggeometrywithAMT.
•HighermanufacturingflexibilitycanbeachievedbyimplementingAMTwithrespecttoclassical
techniques.
•WithAMTthereisreductioninassemblyprocessasthepartisdirectlyprintedasoneunitthus
minimalassemblyisrequired.

3

Khajavi,
Partanen&
Holmstro
(2013)

•Thereisminimalneedforchangeintoolsasthepartisprintedasasingleunitwithoutchangein
toolsandrequirementofjoints.
•SmallbatchescanbeproducedeconomicallywithAMT
•ProductoptimizationisfeasiblewithAMT.
•LowerInventoriescanbestoredasAMTpromotesJITprinciple.

4
Cozmei&
Caloian
(2012)

•ComplexgeometricalshapescanbemanufacturedwitheasewithAMT.
•AMTdecreasesleadtime.
•MaterialsliketitaniumwhicharedifficulttomachinecanbeusedwithrelativeeasewithAMT.
•ThereisincreasedproductivitywithAMTasleadtimeisdecreasedandthroughputisincreased.

5

Klahna,
Leuteneckerb,
Meboldtb
(2015)

•ComplexshapescanbemanufacturedusingAMT.
•SmalllotsizeproductionisfeasibleeconomicallywithAMT.
•AMTprovidesgreaterfreedomindesignasthereisnoconstraintindesignregardingtheshapes.
•AMTenablesusageofnovelmaterialsformanufacturing.
•AMTfacilitatesdecentralizedmanufacturing.

6

Petrovic,
Gonzalez,
Ferrando,
Gordillo,
Ramo,
Puchades&
Grin(2011)

•AMTfacilitateseaseofproducingcomplexshapes.
•ImplementationofAMThelpsindecreasingleadtime.
•MechanicalpropertiescanbeimprovedbyusingAMT.
•WastageisreducedbecauseofAMTimplementation.
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considerationsbecomeexistentialquestionespeciallyfornewtechnologies likeRoboticorAMT
(Palmer,Oates&Portney,1995;Rus&Inglada,1997).Thus,theauthorsasafirststeponAMT
adoptioninIndiaconsideredasresearchquestionsbenefitsandcostsofAMTadoptionbyfirms.The
researchwasalsoconductedtounderstandthedriversaswellasthechallengeswithAMT.

Theresearchquestionsare,forIndianmanufacturingfirms:

1. WhatarethedriversforadoptionofAMT?
2. WhatarethechallengesinimplementingAMT?
3. Whataretheshort-termandlong-termstrategicgoalsonAMT?
4. WhatarethebusinessbenefitsofadoptingAMT?
5. WhatisexpectedroleofgovernmentsupportinAMTadoption?
6. How(Miltenburg,2005,2008)manufacturingstrategyframeworkisinfluencedbyAMT?

3. dATA CoLLeCTIoN, ReSeARCH MeTHodoLoGy, ANd dATA ANALySIS

TheauthorsundertookanexploratorystudytounderstandtherealityregardingAMTinIndia.AMT
isataverynascentstageandthustheauthorsatsuchanearlycontextundertookanexploratory
qualitativeworkasprescribedbyMaxwell(1996).ExploratorystudywasrequiredbecauseAMTis
anascentfieldofstudy(Maxwell,1996)globallyandmoresointheemergingeconomiescontext
likeinIndia.AsDubin(1978)andlaterGioiaandPitre(1990)hadreflectedthatattheinitialstages
ofafieldtoestablishtheoriesatthebeginningofanimpendingfield(hereAMT)hastobecarried
outwithempiricalinvestigation.Attheinceptionstage,thescopeofempiricalworkisrestricted
astheworldofpractice(inthiscontextthepracticeofAMT)islimited(Patton,2005).Thus,the
authorscouldonlycollectdatafromalessersamplesize.Howeverpaststudiesinqualitativeresearch

Table 3. AMT implementation challenges

Sr. 
No. Author Challenges

1

Rylandsand
Tillmann
Böhme,
Robert
GorkinIII
(2015)

•ThereisinitialhighcostofequipmentandmaterialinvolvedwithAMT,asthe3Dprinter
andtheauxiliaryequipmentlikeatomizerisrequiredwithit.
•MassproductionisdifficulttoachievewithAMTinthecurrentscenario.
•ProductlaunchthroughAMTisriskyastheacceptancelevelofcustomerstowards3D
printingisstillinconsistent.

2
Fan&
Birtchnell
(2012)

•Thereisreluctanceregardingtheacceptanceof3Dmanufacturedproductinmarket.
•Thereislackoftechnicalstandardsfor3Dprinting.
•Thereisscarcityofrawmaterialsforthemanufacturersusing3Dprinter.
•WorkersneedtobetrainedforacquiringrequiredskillsetforAMT.

3
Weller,Kleer
&Piller
(2015)

•MassproductionischallengingtoachievebyAMT.
•SometimesrequiredsurfacefinishisdifficulttoachievewiththecurrentlevelofAMT.
•QualityissuesduetolackoftechnicalstandardsistherewithcurrentlevelofAMT.
•ThereisaphysicaldimensionallimitofthepartsizethatcanbeprintedusingAMTwith
presenttechnology.
•CostassociatedwithAMTareconsiderablyhigherthanconventionalmanufacturing
techniquespresently.
•LackofconsumerawarenessisalsoachallengeforAMTadoption.

4

Strong,
Sirichakwal,
Manogharan,
&Wakefield
(2017)

•ThepartsproducedusingAMTaresometimesnotdimensionallyaccurate.
•ThesurfacefinishofAMprintedpartsneedtobeimprovedfurther.
•SometimesthematerialpropertyofmaterialsusedforAMTneedstobeimproved.
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hadindeedtalkedaboutthenotionoftheoreticalgeneralizationratherthanstatisticalgeneralization
(Corbetta,2003;Silverman,2013).Evenwiththesmallsamplesizetheauthorsreachedthematic
saturationwiththecurrentsamplesizewhichisacriterionforsampleadequacyinqualitativeresearch
(Maxwell,1996).TheauthorstoshortlisttheexpertslistusedexpertiseonAMTastheshortlisting
criteriaasadvocatedbyqualitativeresearchers(Corbetta,2003;Silverman,2013).Further,theauthors
alsoappliednonprobabilisticsnowballsamplinginthisexploratorystudyasadvocatedbyMaxwell,
(1996).Additionally,thereisassociatedexpertiserelationshipamongstexpertsasDenzin&Lincoln,
(1994)andBryman,(2006)hadprescribed.Tounderstandthewhat,whyandhownatureofquestions
(asmentionedinprevioussections)theauthorsundertookaqualitativestudy(DanaandDana,2005;
DanaandDumez,2015).TheauthorsconductedIn-depthinterviewswithAMTexpertsinIndian
context(Rubin&Rubin,2011;Roulston,2010;2011).Theinterviewswerecarriedthroughin-depth
personalinterviews,skypebasedinterviewsandtelephonicinterviewswithexpertsonAMT.The
expertshaddomainknowledgeonAMTaswellascontextualknowledgeofAMTinIndia.9experts
wereinterviewedforthisresearch.TheexpertswerehavingexpertiseinAMTinIndiaastechnology
users(manufacturers),consultantsandresearchers.TheaverageexperienceoftheexpertsonAMTin
Indiawasabout4years.Theaverageinterviewdurationwasabout55minutes.Theinterviewswere
conductedfirstwithleadingquestionsandthensubsequentlywithprobingquestions(Rubin&Rubin,
2011;Roulston,2010,2011).Interviewprotocolwasdeveloped.Theinterviewswereconductedsuch
thatallthequestionsweresufficientlyanswered(Roulston,2010,2011).ItmustbenotedthatAMT
issuchanewfieldinIndiathatwiththemostexperiencedmanufacturingexpertsalsotheaverage
yearsofexperienceonAMTwasjust4years.Theexpertinterviewswerestoppedwith9interviews
asthematicsaturationwasachieved(Popping,2000;Weber,1990;Holsti,1969).Thedatacollected
wastranscribedbyoneoftheauthorswithin72hoursofdatacollection.Thedataanalysismethod
wascontentanalysis(Neuendorf,2016;Weber,1990;Holsti,1969).Threetypesofcontentanalysis
were carriedoutwere thematic analysis, relational analysis and intensity analysis (Holsti, 1969;
Neuendorf,2016;Popping,2000;Weber,1990;).Thecodesweredevelopedfromextantliterature
(Popping,2000;Weber,1990;Holsti,1969).Thecodeswerealsocheckedforvaliditybyanexternal
academicexpert.Boththeauthorsdidthedataanalysis.Thedatawascategorizedandclassifiedtofit
intothedevelopedthematiccodes.Theintra-coderreliabilityfortheauthorswas96%and97%.The
intra-coderreliabilitywascheckedafteramonth’sgap.Theinter-coderreliabilitywas93%which
wascarriedoutbyanexternalexpertotherthantheauthors.Boththereliabilityfigureswerewithin
acceptablerange(Neuendorf,2016;Holsti,1969).

4. FINdINGS

Thedatacollectedfromtheexpertsbasedoninterviewswereassessedbaseduponthecodesprepared
bytheauthorsfromextant literature.Thedatagatheredcoveredaspectsregardingunderstanding
thecurrent reality regardingAMT in India.Thedataanalysis indicated thechallengesofAMT,
driversofAMT,governmentsupporttowardsAMTandthestrategicvaluethatiscreatedbyadditive
manufacturing. The recorded responses of the experts were analysed based on the key themes.
ThesefindingshavebeentabulatedandpresentedinTables4,5,6,7,8,9,10,11,12and13.Table4
tabulatesthevariousresponsesoftheexpertsonthemotivationalfactorsforadoptingAMTintheir
company.TheexpertrespondentshavebeendenotedinthetablesasR1,R2,R3,R4,R5,R6,R7,
R8andR9.ExpertsfromfirmsthathaveadoptedAMThaveforeseentheadvantagesandbenefits
thatareassociatedwithAMT.ThecompaniesthathaveadoptedandimplementedAMTdesireto
establishastrongcorecompetencyinadditivemanufacturing.Thereissubstantialfocusonlearning
being carriedout by these companies tounderstand theprocessof 3Dprinting.The focus is to
comparethequalityofproductmanufacturedwiththatoftraditionalmanufacturingandtoexplore
theprocessinmoredepth.
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In Table 5 the authors have tabulated the responses regarding the challenges faced during
implementationofAMTinIndia.CustomerawarenessremainstobeanareawherecurrentlyIndian
marketislackingknowledgeandacceptanceregardingAMT.TheadvantagesofAMTaremostly
unknowntoconsumersinIndianFMCGsectors,automobilesectorandautocomponentsuppliers.
AMTenablesareductioninmanufacturingleadtimeandhelpsimplementJustinTime(JIT)principles
moreeffectively.Materialunavailabilityisamajorchallengefacedbyorganizationsspecificallyin
theplasticmaterialdomain.

Table6enumeratestheresponsesofexpertsregardingvaluecreationbyAMT.Accordingto
experts,AMTiscrucialasitcreatesvalueforthecompany(mostlymanufacturingandmarketing
value).InnovationistheneedofthehourandthefirmsadoptingAMTcouldfosterinnovationboth
intheproductdevelopmentaswellasattheprocessstage.

Table7tabulatestheshort-termandlong-termstrategyadoptedbycompanieswithrespect
toAMT.Theshort-termstrategyistoaddressanyflawswhichexistsinthecurrentprocessof
AMT.Qualitymanufacturingisalsoanotherparameterwhichisbeingaddressedattheinitial
stages by firms. Long-term strategy involves mass production and for achieving scales with
economicalproductioncapacity.

As observed, the companies are currently focusing on improving the quality of products
manufacturedusing3Dprinting.Thelong-termfocusoffirmsistowardsachievingmassproduction.In
Table8thechangesinamanufacturingprocessbecauseofAMTadoptionarepresented.Theopinion

Table 4. Motivation behind adopting AMT in the companies of respective experts

Response Expert 
Respondents

ThemotivationbehindadoptingAMTinR1’scompanyare:
1.AMThelpsindevelopinganddesigningfixtures.
2.Prototypescanbemanufacturedwithgreaterflexibility.
3.Therespondentarguedthatthereisincreasedclarityasthemechanismforfixturecanbeprinted
andcanbeinspectedforflawseasily.

R1

TherespondentarguedthatAMThasprovidedfabricationfreestatusandthusgreaterflexibilityin
manufacturing.Ithasalsobenefitedinreducingscrapgeneratedandloweredthequantityofsupport
materialrequired.

R2

AspertherespondentwhoisaconsultantinthefieldofAMT,companiesaremotivatedtoadopt
AMTbecauseitleadstoreductioninwastegeneratedandhelpscompaniesadoptleanpractices.The
respondentalsofurtherstatedthatthecostofmanufacturingandtheleadtimerequiredalsoreduced.

R3

Aspertherespondent,AMTgeneratedbusinessvalueforthecompany.Thecompanywasmotivated
toadoptAMTowingtotheenormousbenefitsthatwerecausedbyAMT.Complexshapesand
designscouldbemodelledwithrelativeeaseusingAMT.

R4

AMTpromotedinnovationindesignandcreatedamarketvalueforhiscompanywhichmotivatedhis
firmtofurtherimplementAMTinthecompany. R5

AMTwasadoptedintherespondent’scompanyasitwasobservedthatAMThadthepotentialto
reducemanufacturingleadtimeandcreatehigherflexibilityinthemanufacturingprocess. R6

TherespondentsuggestedthatcompaniesthatwereadoptingAMTweredefinitelycreating
businessvalue. R7

NotApplicable R8

Therespondent’scompany(inthemanufacturingofengineeredtoorderproducts)requiredhigh
degreeofcustomization.Thepartsdesignedhavecomplexgeometry.AMTprovidedthementioned
advantages,thecompanythusadoptedAMT.

R9
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ofexpertsvariedwithindustry.ItcanbeobservedfromTable8,thatmostofthechangesarepertaining
tothechangesinhardwareandthekindofworkforceskillbaserequiredtobeinvolvedwithAMT.

Basedontheresponsesprovidedbytheexperts,commonthemeswereidentified.Asmentioned,
thiswascarriedoutbythematiccontentanalysis.Intensityanalysiswasperformedontheidentified
themesforthecodes.Theintensityanalysiswasbasedupontheintensityofthewordsusedbythe
respondent.Themorepressingandimportantthemeswereanalysed.Theanalysiswasthencolour
codedtostresstheimportanceofthatthemewithrespecttotheIndianscenario.Intensityanalysis
wasperformedonallthequestionsfromthequestionnaireandthemoreimportantthemeshavebeen
presentedindecreasingorderofimportance(frommostimportanttoleast).Tables9,10,11,12and
13illustratetheintensityanalysiswithrespecttothemotivationofexpertsbehindadoptingadditive
manufacturingintheircompany.ThemostintensethemesarehigherupintheTables9to13than
thelessimportantones.

Table10tabulatestheimportantthemespertainingtochallengesforimplementingAMTwhich
wereidentifiedthroughtheexpertinterviewsconducted.

Table11tabulatesthenatureofgovernmentsupportrequiredforwidespreadusageofAMTin
Indianmanufacturing.

DifferenttypesofvaluescanbegeneratedbyfirmswhileimplementingAMT.Thishasbeen
tabulatedinTable13.

Table 5. Challenges faced by experts while implementing AMT

Remarks of Experts Expert 
Respondent

1.MassproductionisnotpossiblewithAMT.
2.RoughsurfacefinishissometimesobtainedthroughAMTcomparedtoinjectionmoulding.
3.MaterialavailabilityinIndianmarketisscarceandmostofthematerialmustbeimportedfrom
abroadforwhichheavycustomsdutyneedstobepaid.
4.Materialspricesarealsohigh.

R1

Accordingtotherespondent,thecompanyfacedfollowingissueswithAMTimplementationphase:
1.Themarketsurveyconductedbytheircompanyfoundthatcustomerslackawarenessaboutthe
processof3DPrintingasthetechnicalstandardsarenotmentionedoftenclearlytocustomers.
2.SourcingofrawmaterialforAMTwasalsoachallengeforthecompany.
3.Thecostrequiredtoimplementafulloperationalset-upforAMTwashigh.

R2

NotApplicable R3

Accordingtotherespondent,hiscompanyhadplannedtouse3DPrintingfortheirmanufacturing
processandthusdevelopedacorecompetencyinthisfield.Thefirmcouldeasilyshiftfrom
conventionalmanufacturingtoadditivemanufacturing.Whileimplementingadditivemanufacturing,
followingchallengeswereenlistedbytherespondent:1.TransferofAMTknowledgefromthewestern
companiestoIndiapossessedachallenge.
2.Theset-upcostrequiredtoimplementAMTwashighaswellasthematerialcosts.

R4

Aspertherespondent,AMTimplementationphaserequiredchangesintermsofthehardwarerequired
forthefunctioningofAMT. R5

Therespondentarguedthat,AMTimplementationrequiredtrainingmanpoweranddevelopingthe
skillsetspecifictothistechnology. R6

Aspertherespondent,materialavailabilityhasbeenachallengefortheimplementationofAMT. R7

NotApplicable R8

1.Roughsurfacefinishcomparedtoinjectionmouldingwasobservedwhichhasbeenachallenge.
2.LowermaterialavailabilityinIndianmarketisachallenge.Further,mostofthematerialmustbe
importedfromabroadforwhichheavycustomdutyisrequiredtobepaid.
3.Customerawarenessfortheproductislow.

R9
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5. dISCUSSIoN ANd CoNCLUSIoN

AuthorshaveattemptedtoexplorethestrategicvalueofAMTwithperspectivesfromAMTexperts
fromIndianindustries.Authorsconductedsemi-structuredin-depthinterviewsofexpertsinthefieldof
additivemanufacturingfromvariousexperts.Expertsfrom9differentcompanieswereinterviewedfor
thispaper.Traditionallyinsupplychaincostefficiencyanddeliverytimewereinverselyproportional
toeachother,becausewhendeliverytimedecreased,costincurredforthesame,increased(Bhatnagar
&Viswanathan,2000;Agrawal&Nahmias,1997).Withthehelpof3Dprinting,deliverytimecan
bereducedwithoutincreasingthecostoftheproduct.

ThereremainsacommonconsensusamongstIndianexpertsthat3Dprintingasatechnologyhas
disruptionpotential.ThishadbeenarguedbyMellor,Hao,andZhang(2013).AsperEdhMirzaei,
FredrikssonandWinroth(2015),manufacturingoperationsaresimplifiedbyadoptingAMTandit
leadstoreductioninmanufacturingleadtime.Thesamewasobservedbyauthorsfromtheresponses
ofIndianAMTexpertscollectedthroughinterviews.AMThasthepotentialtoreducemanufacturing
leadtimewhichresultsinquickgenerationofprototypes,decreasetoolingtimeanddecreaseinwaste
generation.AdoptionofAMThelpedthecompaniestosavetheirexpensesonmaterialinthelongrun
andpreventsholdingofextrainventory.AMTcanleadtodecreaseinnon-valueaddingactivitiesofthe
employeeswhichin-turnleadstoincreaseinproductivityofIndianfirms.Oneofthemajorchallenges
statedasperWeller,Kleer,andPiller(2015),AMTdoesnotproduceproductswithadesirablesurface
finish.Thesamewasfoundbytheauthorsduringtheinterviewsconductedwithvariousmanagers
fromdifferentfirms.Lackofwell-definedtechnicalstandardsforAMTaffectsthedependencyon
acceptanceofthefinalproduct.Thisinturnaffectedthecustomerawarenessregardingtheproducts
manufacturedusingAMT.Thiswasevidentbasedupontheinterviewdiscussionswiththeexperts.

AMT is a value generating technology for companies as argued by Khajavi, Partanen, and
Holmstro(2013).TheauthorsalsoagreewiththeresearchersthatAMTisavalueaddingtechnology

Table 6. Value creation by AMT

Remarks of Experts Expert 
Respondent

Additivemanufacturinghelpedtocreatebusinessvalueaswellmanufacturingvalueintherespondent’s
company.Firstly,ithelpedsavemillionsofdollarsannuallyontooldesignandfixturedesign.Secondly,
therequirementofmanufacturingdrawinghadalsobeenreduced.

R1

Manufacturingleadtimehasbeencuttomorethanhalfoftheoriginaltimerequired.Thus,AMT
helpedgeneratemanufacturingvalueintherespondents’company. R2

Accordingtotherespondent,companiesadoptAMTbecauseithelpedgeneratebusinessvalueas
wellgenerateanewmarketforthem.Ithashelpedadoptingfirmswinthetagofbeinganinnovative
companyinthefieldofmanufacturing.

R3

AMThashelpedcreatebusinessvaluefortherespondent’scompany.Thefirmcouldgeneratemore
intricatedesignswithpracticallynoscrapgeneration. R4

Aspertherespondent,AMThelpedtoreducemanufacturingleadtimeforgeneratingincreased
manufacturingvalue.Thefirmalsosecuredtherightfitbetweenmanufacturingandmarketingfunctions
togeneratebusinessvalueforthecompany.

R5

Accordingtotherespondent,thefullpotentialofAMTgetsgeneratedinafewyears’timenot
immediately.Thus,toaccessthetruevalueofAMTalongertimehorizonneedstobeconsidered R6

NotApplicable R7

Aspertherespondent,AMThadhelpedgeneratevaluenotonlyforthecompanyitselfbutalsoforthe
suppliersofthecompany.Ithadgeneratedmanufacturingandbusinessvaluefortheentirenetwork. R8

Therespondent’scompany,providesconsultationtothecompaniesimplementingAMT.Thus,AMT
consultingasaverticalitselfhasbeengeneratedduetothistechnology. R9
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Table 7. Short-term and long-term AMT strategy adopted by companies

Remarks of Experts Expert 
Respondent

Aspertherespondent,hiscompanyplannedtoacquireagreaternumberofindustrialprinters.Inthe
long-term,thecompanyplanstoacquireprintersthatarecapableofprintingobjectswithlargephysical
dimensions.Thiswouldallowthecompanytoproducepartsandprototypeseasily.

R1

Aspertherespondent,long-termstrategyofhiscompanywouldbetodevelopanenvironmentof3D
PrintingfriendlymarketinIndia.Thiswouldinvolvedevelopingsupplierbaseandensuringavailability
ofmaterialforAMT.

R2

Therespondentarguedthat,short-termstrategywillbetoacquiregreatermarketsharefor3Dprinted
products.Thecompanywillnotbefocusingonlossincurredintheshortrun.Inthelongrunfuture
massproductionandtosmoothentheprocessofsourcingofmaterialforAMTneedstobeensured.

R3

Therespondentscompanycurrentlyhasbeenfocussingtodevelopitscorecompetencyin3Dprinting.
Thefirmcurrentlyhadsufficientnumberof3DprinterstocatertothedemandofdifferentIndian
companies.Theshort-termstrategywastoacquireasmanypartnersfordeveloping3Dprintingmarket.
Foralong-termperspective,therespondentscompanyplanstodevelophisfirmasaleadinginnovator
andmarketleaderin3Dprinting.

R4

Aspertherespondent,therewillbechangesinthefirm’sbusinesspoliciesregardingmanufacturing
withincreasedroleofAMT.Also,therewillbetechnologicalchangesmadethatwillberequiredfor
adoptingAMTinthecompany.

R5

Short-termstrategyoftherespondent’scompanyistofocusonimprovingAMTproductsquality
issueswhileasperlong-termstrategythefirmshastoincorporatemoreofAMTalongwithtraditional
manufacturingprocess.

R6

Accordingtotherespondent,hiscompany’scurrentstrategyistooptimizetheprocessesforAMT.In
thelongerrun,thefirmwouldhavelargevolumeproductionwithAMT. R7

Notapplicable R8

Therespondentscompanyprovidedconsultancytothosecompaniesthatadopt3Dprintingprocess.For
short-term,thecompany’sfocusistodevelopastrongmarket.Onthelong-term,thecompanyplansto
launchitsown3Dprintedproductsinthemarket.

R9

Table 8. Operational changes and manufacturing procedural changes on adoption of AMT

Remarks of Experts Expert 
Respondent

Aspertherespondent,nomajorchangeswererequiredtobeincorporatedinthecompany’s
manufacturingprocesstoadoptAMT.Theprimemotivewastogenerateprototypes.Therespondents
arguedthatAMTiseasytoincorporateinmanufacturingsystem.

R1

Accordingtotherespondent,therewerechangesrequiredonlyinthedesigningaspectofmanufacturing
processanditwasnotdifficulttoincorporateAMTinthefirm. R2

NotApplicable R3

TherespondentscompanyadoptedAMTsinceitsinception.So,theyhadplannedthemanufacturing
processesasperitsneedinphases R4

NotApplicable R5

NotApplicable R6

TherewerechangesmadeonthemanpowersideasskilledlabourwithAMTtechnicalknowledgeof
theprocesswererequiredbythefirm. R7

NotApplicable R8

NotApplicable R9
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Table 9. Intensity analysis of themes observed for motivation behind adopting AMT

Sr. 
No. Themes Colour 

Code Expert Respondents

1 AMTprovideshigherdegreeofflexibilityforpartstobe
manufactured Black R1,R2,R3,R4,R5,R6,R7,

R8,R9

2 Higherdegreeofcustomizationispossiblebyimplementationof
AMT Black R1,R2,R3,R4,R5,R6,R7,

R8,R9

3 AMTpromoteseaseofmanufacturingcomplexshape Black R1,R2,R3,R4,R5,R6,R7,
R8,R9

4 ManufacturingleadtimeissignificantlyreducedduetoAMT Black R1,R2,R3,R4,R5,R6,R7,
R8,R9

5 3Dprintingcanmanufacturehighvarietyofproducts Gray R1,R2,R3,R4,R6,R7,
R8,R9

6 AMTleadstoreductioninwastegeneration Gray R1,R2,R4,R5,R6,R7,
R8,R9

7 ItispossibletoreduceholdinginventorybecauseofAMT Gray R1,R3,R4,R5,R6,R9

8 AMTisbecomingthedisruptivecapabletechnologyinIndian
manufacturing White R1,R9,R6,R7

Table 10. Intensity analysis of challenges confronted while implementing AMT

Sr. 
No. Themes Colour 

Code Expert Respondents

1 LowmaterialavailabilityinIndianmarket. Black R1,R2,R3,R4,R5,R6,R7,
R8,R9

2 Highcostofrawmaterial Black R1,R2,R3,R4,R5,R6,R7,
R8,R9

3 AMTgeneratedpartshavingroughsurfacefinish. Black R1,R2,R9,R4,R5,R8

4 LackofcustomerawarenessregardingAMT. Black R1,R3,R9,R4,R5

5 LackofcleartechnicalspecificationsforAMT. Gray R1,R3,R9,R6,R5

6 Highset-upcostofAMTmachinesandauxiliaryequipment. Gray R5,R9,R3,R4

7 PossibilityinreducingholdinginventorywithAMTadoption. Gray R1,R3,R4,R5,R6,R9

Table 11. Nature of government support that is expected and that has been received for encouraging AMT

Sr. No. Themes Colour 
Code

Expert 
Respondents

1 Requirementofsubsidiesfromgovernment. Black
R1,R2,R3,
R4,R5,R6,
R7,R8,R9

2 NodirectsupportrequiredfromgovernmentforadoptingAMT. Black
R1,R2,R3,
R4,R5,R6,
R7,R8,R10

3
VariousnationallevelpolicieslikeStart-UpIndia,DigitalIndiaaswellas
developmentofbusinesscorridormayurgecompaniestostartfocussingon
3Dprintingasasharedmanufacturingfacilityinacluster.

White R4,R6,R9
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andhassuccessfullycreatedbusinessvalueforIndianfirmsthathaveadoptedAMT.Further,itcan
alsobeconcludedfromtheinterviewsconductedwithexpertsthatAMThasbeenabletogenerate
manufacturing as well as marketing value for the Indian companies that have adopted AMT in
manufacturing processes. Decrease in manufacturing lead time, provide greater manufacturing
flexibility,promoteuseofnewmaterials,compoundsandalloysformanufacturingandthusgenerate
valueforfirmsthathadadoptedAMT.Theauthorsalsowitnessedthat;Indiancompaniesarecurrently
focussingonimprovingthequalityofproductmanufacturedthroughAMT.Theexpertsfromvarious
companiesalsoarguedthatAMThasgotdisruptioncapabilityinIndiawhichwouldberealizedonly
infutureastherewillbemorefocusonAMT.Theauthorshavestructuredthediscussionsection
aroundtheMiltenberg’sframework(2005,2008).

ThefollowingsectiondwellswiththeapplicationofMiltenberg’sframeworkanditsmodification
by theauthors forAMTasa technological tool in Indianmanufacturing firms.Thecompetitive
advantageshavebeenselectedthroughtheinterviewsconductedandtheimpactofthesethemeson
themanufacturingoutputhasbeenrepresentedinthepaper.Furthertothis,intensityanalysisofthe
matrixformedbyestablishingrelationbetweenmanufacturingoutputandidentifiedthemes,was
performedwhichhasbeenrepresentedinFigure1.

TheeffectofmanufacturingleversonthemanufacturingoutputinthecontextofAMTinIndia
havebeenpresentedintheTable14.Thisinter-dependencyofmanufacturingoutputshasbeendecided
basedontheinterviewsconductedwithAMTexpertsbytheauthors.Theresponsesofexpertswere
examinedandcomparedtounderstandtherelationshipsbetweenthemanufacturingleverswithAMT
onmanufacturingoutput.

AsitcanbecomprehendedfromTable14thatAMTimpactsthevariousmanufacturingoutputs
inaprogressivemanner.Table15tabulatestheimpactofAMTonthevariousmanufacturingoutputs

Table 12. Short-term and long-term strategy adopted by companies to implement AMT

Sr. 
No. Themes Colour 

Code
Expert 

Respondents

1 Short-termstrategyistofocusonqualityaspectsoftheproductsmanufactured
usingAMT. Black R1,R2,R3,R4,

R5,R6,R7,R9

2 CompaniesimplementingAMTshouldpresentlyfocusonproducinghigher
varietyandnotlargevolumesofproduct. Black R1,R2,R3,R4,

R6,R8,R9

3 Generatecustomerawarenessandpromoteadvantagesof3Dprintingto
supplieraswellascustomersinthelongrun. Gray R1,R2,R3,R5,

R7,R8

4 Establishasustainablemarketfor3Dprintingonalong-term. White R1,R2,R6,R7,R9

5 Focusonproducinglargequantitiesof3Dprintedproductsinthelongrun. White R1,R3,R5,R8

Table 13. Types of value generated by implementing AMT in company

Sr. 
No. Themes Colour 

Code Expert Respondents

1 ImplementingAMTgeneratesbusinessvalueforcompany. Gray R1,R2,R3,R4,R6,
R7,R9

2 ImplementingAMTgeneratesmanufacturingvalueforcompany. Gray R1,R2,R3,R4,R6,
R8,R9

3 ImplementingAMTtechnologygeneratesmarketingvaluefor
company. White R1,R2,R4,R6,R7,

R9



International Journal of Asian Business and Information Management
Volume 11 • Issue 1 • January-March 2020

13

inMiltenburg’sframework(2005;2008).Theresponsesofdifferentexpertswereanalysedbyauthors
tounderstandthecompleteeffectonmanufacturingoutputs.

Table16explainstheexistingcapabilitylevelofvariousmanufacturingleverswithrespectto
current Indianscenario.Thiscapability levelhasbeen represented in theMiltenburg framework
(2005;2008)andthecapabilitieshavebeenportrayedthroughtheinterviewsconductedwithexperts.

IndianbusinesslandscapeisbecomingcompetitiveBhattacharyya(2011).Indianmanufacturing
firmshavetorespondtothisstate.AMThavepotencytogeneratecompetitiveadvantage(Porter,
1980, 1985). This research addresses the growing technological changes in the manufacturing
sectorinIndiabecauseoftheadventofAMT.Throughthisstudy,theauthorsaimedtoexplorethe
strategicvalueofAMTinIndianindustries.Semi-structuredopen-endedin-depthinterviewswere
conducted.ItbecameevidentthatAMThasmadeatremendousimpactonthemanufacturingoutputs
asproposedbyMiltenberg(2005,2008).Themeswhichwereidentifiedbasedupontheinterviewsof
variousexpertshasbeenproposed.Theauthorsalsodidanintensityanalysistoidentifytheimpact
ofindividualthemeswhichwereidentifiedthroughinterviewsconducted.Externalbenchmarking
ofmanufacturingleverswascarriedoutbycomparingitwiththeexpertresponseswhichwasfound
throughtheinterviewsconducted.Thisbenchmarkingwasthenclassifiedintofourrankingsnamely
infant,adult,industryaverageandworldclass.ItcanbeconcludedfromthisbenchmarkingthatIndian
industryisyettoachieveitsfullpotentialinAMTanditsapplications.Thevariousconclusionshave
beenrepresentedthroughtheMiltenburg(2005,2008)framework.

Figure 1. Miltenburg’s framework (2005, 2008) for AMT in India
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Table 14. Inter-dependence of manufacturing outputs and the themes identified by the authors through interviews because of 
AMT Miltenberg (2005, 2008) framework

Manufacturing 
Lever Delivery Cost Quality Performance Flexibility Innovativeness

HumanResources
(HR)

SkilledHR
engagedinAMT
helpsreducelead
time.

Thecompanywhich
hasadoptedAMT
mayincurhigher
costtorecruit
trainedandskilled
workforcetowork
onAMT.Thismight
howeverbenefit
thecompanyin
reducingtrainingas
wellaswagecosts
forworkforceona
long-term.

AMTmarginalises
theeffectofHR
skillbase.Thus,
HRinvolvedwith
themanufacturing
operationsofAMT
wouldnotrelateto
quality.However,
HRinvolvedin
designingwould
impactthequalityof
finalproduct.

Theperformance
ofskilled
andtrained
workforceon
AMTcould
bebetterthan
unskilled
workforce

Theauthorsargue
thatskilledHR
involvedwiththe
manufacturing
operationsmight
notimpactthe
flexibilityofthe
productandAMT
process.Theauthors
furtherarguedthat
theHRdeployed
withthedesign
ofproductusing
AMTcanimpact
theflexibilityofthe
product.

Theauthorsargue
thatskilledHR
mightnotimpact
theinnovativeness
ofthesystemin
production.The
authorsfurther
arguethattheHR
deployedwiththe
designofproduct
usingAMTcould
haveanimpacton
theinnovativeness
oftheproduct.

Organization
structureand
control

Thepartof
organization
structurewhich
involvespeople
deployedwith
theR&D,design,
marketingand
operations
inAMTin
acompany,
helpstoreduce
deliverytime.

Costincurred
ishigherfora
skilledworkforce,
butasystematic
andwell-defined
organizational
structureinvolved
withAMTmight
reducecosts
incurredeventually.

Thequalityof
theprocesscan
beexpectedto
improvebyhavinga
properorganization
structuredeploying
AMT.

Theperformance
oftheAMT
processcan
beimproved
byhavinga
well-defined
organization
structureand
controlonthe
R&D,design,
marketing&
operations
department
requiredfor
AMT.

Astructured
organizational
controlpromotes
aquicktransferof
customerfeedback
receivedthrough
salesandmarketing
department.These
requirements
canthenbe
implementedina
swiftandeffective
mannerbydesign
andoperations
workforceinvolved
withAMT.

Thefirmswhich
useAMTandcan
capturecustomer
needsfasterand
thuscouldbenefit
fromtheearly
changesadoptedin
design,materials
andprocessesused
tomanufacturethe
finalproductby
AMT.

Production,
planningand
Control(PPC)

Withawell-
definedPPC
department,
deliverytime
canbereduced
deploymentwith
AMT.

Itisarguedbythe
authorsthatPPC
mightnotimpactthe
costincurredasthe
needforPPCwould
beeliminatedin
AMTprocess.

AstrongPPCwill
improvethequality
ofprocessbutmight
havenoeffecton
thefinalproduct
manufactured.

PPCcould
improvethe
performanceof
AMTprocessby
havingawell-
plannedschedule
forproducing
finalpart.
Thus,itwould
helpinproper
schedulingof
rawmaterial
requiredfor
manufacturing
part.

AcompetentPPC
willbeableto
includechangesin
theproductunless
itisalreadyin
manufacturing.

Theauthorsargue
thatPPCmight
notaffectthe
innovativenessof
productasitdoes
notinterferewiththe
designoperationsof
company.

Sourcing

Theimpactof
sourcingon
rawmaterialfor
AMTisdirectly
proportionalto
deliverytime.
Lowerthetime
requiredfor
sourcingraw
material,quicker
willbeits
deliverytime.

Sourcingofraw
materialimpacts
costdirectlyin
AMT.Toprocure
superiorquality
ofrawmaterial,
companiesfrom
Indiaoftenpurchase
rawmaterialfrom
foreigncountries
whichleadsto
increaseincost.

Thequalityofraw
materialsourced,
impactsthequality
andfunctionality
ofthefinalproduct
manufactured
usingadditive
manufacturing

Sourcingofraw
materialmight
notimpactthe
performanceof
finalproduct
asperformance
dependson
thedesign
ofproduct.
However,a
superiorquality
ofrawmaterial
usedinAMTcan
maketheproduct
structurally
strongthus
impactingits
performance.

ForIndian
firms,sourcing
ofrawmaterial
fromforeign
countries,makes
theprocurement
processofAMT
challenging.This
isbecausethe
ingredientsalso
Indianfirmsare
heavilydependent
onforeignplayers.

Sourcingcouldnot
affectinnovativeness
ofproduct
manufactured
usingAMTas
innovativenessis
impartedthrough
design.
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6. SCoPe, FUTURe dIReCTIoN, ANd IMPLICATIoNS

ThestudyofIndianAMTmanufacturinglandscapewasaqualitativestudy.Thestudywasbased
uponresponsesreceivedfromIndianAMTexperts.Theexpert’sresponseswereanalysedbasedon
aqualitativeopen-endedsemistructuredquestionnaire.Theseexpertresponseswerethencontent
analysedandcategorisedintheformsofthemes.Thus,thescopeofthisresearchhaslimitations
bothinmethodologyaswellasincontext.Inmethod,thescopeisthatthisresearchisqualitative
research.Incontext,thisstudyscopeisrestrictedtoIndia.Thethemeswereondrives,challenges,
shortandlong-termstrategicimperativesandbusinessgainsofAMTinIndia.Further,theauthorshad

Table 15. Impact of AMT on the various manufacturing outputs in Miltenburg’s framework (2005, 2008)

Sr 
No.

Manufacturing 
Output Impact of AMT on Manufacturing Output

1 Delivery ApplicationofAMTdecreasesdeliverytimeasittakeslesstimetomanufactureparts

2 Cost AMTcanproduceapartatsimilarcostorwithanincreaseinthecostasmassproduction
capabilitycannotbeachievedwiththistechnology

3 Quality TheeffectofAMTonqualitycannotbestatedaccuratelyasqualitydependsonvarious
factorslikequalityofrawmaterialused,processtechnology,skillofmanpower,etc

4 Performance

TheperformanceofapartproducedusingAMTisalsoindependentofitsmanufacturing
process.Certainapplicationslikeaerospacesectorwherereductioninweightisrequired
canbeachievedusingAMT.Thus,performanceofpartproducedusingAMTwilldepend
onitsapplication

5 Flexibility AMTprovidesagreaterflexibilityinthemanufacturingofproductbecauseoffreeform
fabricationandcomplexityinAMT

6 Innovativeness AMTprovidesinnovativemethodsofproducingobjectswithcomplexgeometry

Manufacturing 
Lever Delivery Cost Quality Performance Flexibility Innovativeness

Process
Technology

AMTprocess
technology
affectsfactors
likespeedof
process,accuracy
ofprocess,etc
andwouldaffect
thedeliverytime
favourablyif
thesefactorsare
optimizedfor
theproduction
process.

Processtechnology
usedforAMT
processimpacts
thecostincurred.
Aprocesswith
superiorsurface
finishanddensely
packedstructure
wouldincrease
thecost.Overall,
processtechnology
mayhelpreduce
costasAMTcan
bewidelyusedfor
customizationof
complexparts.

Superiorprocess
technology
affectsthequality
ofproductby
producingdefect
freeproduct.Thus,
AMTprocess
technologycan
affecttheproduct
favourably.

Process
technology
usedforAMT
willimpactthe
performanceof
finalproductas
itwillimprove
therepeatability
andaccuracyof
theprocess.

Advancedprocess
technologymay
providemore
flexibilityin
manufacturing
finalproductusing
AMTgiventhat
theplannersof
processtechnology
areproactive
inadoptingthe
changes.

AMTprocess
technologyelevates
theinnovativeness
ofmanufacturing
processes.

Facilities

Thelocationof
manufacturing
facilitywillhave
animpactonthe
deliverytime.
Decentralized
manufacturing,
whichisthecase
withAMT,might
reducedelivery
time.

Thelocationof
facilityhasadirect
relationwiththe
costincurred
ontheproduct
manufacturedusing
AMT.Thefacility
costparametersneed
tobeoptimized.

Facilitiesdo
notimpactthe
qualityofproduct
manufacturedusing
AMTbecause
ofindependent
operations.

Thefacilities
willnotimpact
theperformance
ofproductasit
isindependent
oftheoperations
withAMT.

Thefacilitiesdonot
provideflexibility
totheprocessof
AMTmanufacturing
becauseof
independent
operations.

Facilitiesdonot
affectinnovativeness
ofAMTproduct
orAMTprocess
becauseof
independent
operations.

Table 14. Continued
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attemptedtoimplementtheMiltenbergframework(2005,2008)withrespecttoadditivemanufacturing
perspectiveinIndiancontextfromtheinterviewsconducted.Theoreticallythisstudythusfurthers
AMTadoptionliteraturefromacostbenefitperspectiveplusdriversandchallengesperspective.
Thisarticlealsocontributes toMiltenberg’s frameworks in thecontextofAMT.As this research
wascarriedoutinIndiaandthusthethemesidentifiedareperfectlysuitedfortheIndianindustryin
particular.Certainaspectsofthisstudycanbeextendedtointernationalcontextsofotheremerging
economies.Theoreticallythisresearchwork,advancedMiltenbergframeworkinthecontextofAMT
intheemergingeconomyofIndia.ThisresearchtheoreticallydoessobyexploringaspectsofAMT
adoption,drivers,challenges,businessgains,shortandlong-termstrategyandexpectedgovernment
supportonAMTinIndia.

Infutureresearchworkcanbecarriedforwardbyconductingaquantitativesurveymethod-based
modeldevelopment.ThiscanbedoneinfuturewhentheadoptionofAMTinIndianmanufacturing
firms has matured. Furthermore, the authors propose that a case study can be undertaken by
investigating2-3firmswhichhaveadoptedAMTinitsmanufacturingprocessforarelativelylonger
periodoftime.Suchanin-depthdetailedanalysiscanbecarriedouttounderstandregardingthe
strategicvalue,strategicimplicationswhileplanningandimplementingAMTatthefirmlevelwith

Table 16. AMT capability level of manufacturing levers in Miltenburg’s framework (2005; 2008) with perspective of 
Indian companies

Sr. No. Manufacturing 
Lever Remarks on Capability Level

1 HumanResource

Throughthevariousinterviewsconductedwithexperts,itwasunderstoodthat
humanresourcesengagedwithadditivemanufacturinginIndiastandsatanadultor
maturedlevel.TheIndianexpertshaveagreatknowledgeregardingAMTastheyare
trainedinpremiercentresaroundtheworld.Lackofexperienceandtheexposureto
advancedAMTisaconcernwhichcouldbeovercomeincomingtime

2 Organization
StructureandControl

TheorganizationstructureandcontrolinIndiarelatedtoAMThasbeenrankedas
industryaveragebytheauthors(asconcludedbasedontheinterviewsconductedwith
experts).Asbusinessfor3DprintinginIndiaisgrowing,thepotentialhasnotyet
beenfullyrealized.Duetothis,mostofthecompaniesdeployAMTpresentlyonly
forR&Dandprototypingtechniques.Thus,arobustorganizationcontrolonAMT
lacksinIndianperspective.Theauthorsarguethatwiththeexpansioninbusinessand
moreinnovationswouldbepursuedbyIndiancompaniesinfutureinthisfield.This
wouldhelptohaveabetterorganizationstructureandcontrolregardingAMT

3 Productionplanning
&Control

IndiancompaniescurrentlydeployAMTmostlyforprototypingpurposes.Insome
Indiancompanies,AMTisusedforbatchproduction.Thus,thePPCdepartment
isnotmaturedascomparedtotheglobalfirms(asunderstoodfromtheexpert
interviews).

4 Sourcing

ThesourcingofrawmaterialinIndiancompaniesoftentakesplacethroughthe
foreigncompaniesasforeignOriginalEquipmentManufacturers(OEM’s)supplying
a3Dprinterhaveamonopolyonthematerialprovided.3Dprintersaredesignedin
awaytoaccepttherawmaterialasperthespecificationsmentionedbytheOEM’s.
Thismakessourcingofrawmaterial(atsimilarqualityleveltotherestoftheworld)
achallenge.

5 ProcessTechnology

TheprocesstechnologyusedbyIndiancompaniesonAMTisatparwiththerest
oftheworld.TherearefewadvancedAMTtechnologicalfeaturesavailableonlyto
thetopplayersinworldbecauseoftheheavyinvestmentinadditivemanufacturing
andR&Dmadebythosecompanies.Thus,theauthorshaverankedtheprocess
technologyatanadultlevel.

6 Facilities
TheAMTfacilitiesunderwhichtheIndiancompaniesareoperating3Dprinting
technologypresentlycanbeimprovedinordertocompetewiththegloballeadersin
thefieldofAMT.
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longitudinaldata.ThisstudywasconductedinIndiawhereadditivemanufacturingiscurrentlyin
itsnascentstage.Infuture,similarstudiescanalsobeconductedinemergingeconomieslikeBrazil,
Russia,China,SouthAfricatohaveacomparativeunderstandinginemergingeconomieswithgrowing
economicfootprintsinthemanufacturingsector.

TheauthorsbelievethatmanagersindifferentcompanieswhichhaveadoptedAMTorareadopting
AMTcanbenefitfromthestudy.FormanagersthisstudywouldaidthemindecisionmakingonAMT
adoption.Managerscancomprehendandexplorewhatkindofchallengestheywouldconfrontwhile
implementingAMT.Thiswouldhelpthemtoaddresssuchdifficultiesbeforehand.Theunderstanding
ondriverswouldhelpthemfocusonsuchfactorsthatwouldenableadoptionofAMT.Themanagers
workingindifferentcompaniesonAMTcancollaboratetoformacommonknowledgebase.Also,
asharedtechnicalaspectregardingAMTprocessesdocumentationonAMTcanbecarriedoutin
India.MiltenbergframeworkwasappliedbytheauthorsinthisstudyforincludingAMT.Theinsights
couldbeusedbymanagers.Thismighthelpthemtofocusontherelevantandimportantaspectsof
AMTprocess.Thethematicandintensityanalysiscarriedoutbytheauthorscanprovideaplatform
formanagerstoidentifytheimportantparameterswhileformulatingstrategicandtacticaldecisions
regardingAMTasaprocess.Asconcludedbytheauthorsandincognizanceofvariousresearchers
fromaroundtheworld,3Dprintinghasdisruptionpotentialbyalteringtheexistingsupplychain
methodsofholdinginventory.Managerscan,therefore,utilizethispotentialofAMTtoreducecosts
andincreasemanufacturingefficiencyintheircompaniesaswellassuppliernetworkbypreparing
astepwiseplanforitsadoption.Theinputsfromthisstudycanbeusedbythemanagerstoidentify
thechallengesthatareloomingregardingtheadoptionandusageofAMTinIndianmanufacturing.
Also,thefindingsofthestudyondriversofAMTcanbeusedtopromotetheapplicationofAMT
bythevariousmanagersresponsibletowardsAMTplanninganddecisions.
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