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“Technology itself has no singe objective value. When it is commercialized in some
way by a business model then its economic value becomes apparent”

(Chesbrough, 2010)
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Abstract

Distributed Ledger Technology (DLT), or else blockchain, enables new ways of
inter-firm interaction in a networked environment. DLT is in its primitive stage of
development and many organizations in various industries experiment with it to realize
its boundaries and benefits that stem from it in practice. In today’s globalized economy,
effectiveness and efficiency of supply chain operations depend upon the
synchronization and coordination of organization’s processes, departments and external
entities, that intersect supply chain operations. Those supply chain touchpoints seem to
leave some space for DLT adoption at supply chain level, due to the trust issues,
uncertainties and vulnerabilities that are raised in relationships among interacting
entities. The same applies in the case that those touchpoints are referred to the internal
or external intersections of organization’s supply chain processes for each individual
supply chain entity.

Although DLT has long way to go until widely adopted, companies proceed mainly
with pilot supply chain implementations to explore its benefits. Supply chain
digitalization is becoming the center stage in developing manufacturers' competitive
advantage. However, research shows that supply chains are facing information
exchange and trust issues and that makes DLT an ideal candidate to address those
challenges. Technology itself has no singe objective value. When it is commercialized
in some way by a business model then its economic value becomes apparent. Business
model innovation is associated with the capability of an organization to commercialize
new ideas and technologies or to depict the variations on a generic value chain. DLT
brings fundamental changes in the way that value is exchanged, transactions are
executed among ecosystem actors and ecosystems interact. Business model represents
the value logic of an organization and articulates how a company goes to the market to
implement a strategy. It is the link between the strategy and the operative
implementation.

Existing literature has discussed the potential of DLT to transform the supply chain,
but limited work has been taken into exploring the impact of DLT to the respective
business model. Although business model innovation literature is referred to the aspect
of technological advances as one of its main drivers, the impact of DLT implementation
at supply chain level on manufacturers’ business model has not been addressed. We

acknowledge and set at the center of our research the fact that in a highly dynamic
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environment, where different types of relationships coexist, supply chain collaboration
is inextricably linked with information sharing capabilities and trust dynamics
developed among interacting parties. To close that gap in literature, we select an

inductive, qualitative multiple case study approach to answer the first main research

question (mRQO1) of “What are the implicit effects in business model that stem from

DLT adoption”, under a manufacturing supply chain context. We identify how DLT

adoption under a manufacturing supply context leads to activities, intents and decisions
that affect organization’s business model elements. We map how and which business
model dimensions are affected and provide managers a method to analyze and assess
which DLT related supply chain decisions will affect which business model dimensions,
we present the respective process model.

Peer-to-peer transactions among network members, the large number of network
participants that ensure both DLT security and the need for positive network effects,
highlight the need to argue for an ecosystem approach, where actors create value for
actors, when investigating DLT adoption. DLT can be adopted and drive value creation
in different ecosystem types, Therefore, before we explore DLT adoption, under a
manufacturing supply chain context, we need to clarify what ecosystem type should we
consider when we discuss DLT and direct our research regarding the first main research
question (mRQ1) based on the selected ecosystem type analogies to DLT ecosystem
conceptualization. We argue that the economic community consisted of organizations,
that although independent, are connected and interact through DLT form the DLT
ecosystem. DLT can be applicable in many ecosystem types. However, little research
has been done on how DLT works in all ecosystem types. We acknowledge specific
ecosystem characteristics in a DLT network of actors and argue that there are
similarities between various ecosystem types. Our study extends DLT and ecosystem

literature by answering the research sub-question (subRQ1.1) “How do ecosystem types

make fit to DLT?”. We build upon the software, technological, digital, innovation,

product and service ecosystem literature and examine how do they match to DLT
ecosystem. We find out that these ecosystems can be part or subset of the DLT
ecosystem, but it is the business ecosystem type that fits better to DLT ecosystem
conceptualization. To make this apparent we analyze the characteristics, definitions and
enablers of business ecosystem and identify the analogies between DLT and business

ecosystem.
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We argue that when we investigate DLT adoption under an ecosystem
conceptualization we need to consider the roles that ecosystem actors hold in it under
the context of ecosystem sustainability. DLT value lies in the sustainability of the DLT
network, since value created in DLT network is collectively produced by its members.
In that way we can investigate more accurately the DLT adoption causations, as referred
to mRQ1, since different DLT ecosystem roles in a highly dynamic environment led to
different DLT adoption incentives. We build upon ecosystem conceptualization, due to

DLT network effects and extend DLT literature by answering the research sub-question

(subRQ1.2) of “How DLT ecosystem actors based on their role, contribute to ecosystem

sustainability? ”. Little research has been done on how DLT actor roles affect DLT

ecosystem sustainability in a highly dynamic environment, where exchange of trusted
data plays fundamental role in meeting DLT ecosystem sustainability.

Based on the most recent DLT developments, we identify the ecosystem dynamics
for the DLT business ecosystem type as identified when answering the subRQ1.1 and
propose the factors that should be considered for its sustainability. Under that condition,
we emphasize in network effects created in ecosystem and cluster actor roles according
to their dominant or non-dominant position they hold in it. To gain a holistic overview
of DLT supply chain adoption we expand our research beyond the profound interaction
of organization’s supply chain with entities external to the organization, as answered by
the subRQ1.1. Therefore, we argue that we also need to look internal to the organization
for the respective DLT in-house supply chain adoption causations. DLT does not seem,
at least at first sight, to have much to contribute unleashing its potential under an in-
house supply chain context. In that part of our research, we initially investigate whether
internal supply chain touchpoints leave ground for conveying DLT benefits, thus

answering the second main research gquestion (mRQZ2) of ‘How DLT adoption

causations at in-house supply chain level impact organization’s business model? ”. In

the absence of evidence in literature we base our study on carefully selected qualitative
inductive single case study research. Based on the findings we set out to advance our
understanding of DLT adoption impact on the business model dimensions. To
understand to what extent business model is affected by DLT implementation at in-
house supply chain level, we initially unpack it into its dimensions and evaluate how
each one of them is affected by DLT implementation root causes. After we have
complete overview of the processes that led to DLT in-house supply chain adoption

causation. we portray a process model, that reflects the process of DLT in-house supply
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chain adoption, the dynamic relationships among the emergent concepts and its impact
on organization’s business model.

Industry 4.0 is expected to support and accelerate lean principles (Davis. et al, 2020)
Under that prism and in the absence of literature of how DLT adoption at in-house
supply chain level, could impact manufacturing leanness, we build upon the findings
of the mRQ?2 to answer the research sub-question (subRQ?2.1) of “To what extend could
DLT adoption impact manufacturing leanness?” Based on the elite informants engaged
in single case study data collection for the purpose of answering the mRQ2, we
collected and analyzed data under the assumption that DLT adoption will only affect
the information flow and no other material flow lean improvement technique will be
considered. We employ the value stream mapping methodology (VSM), to depict the
simulated future state under our assumptions We eventually illustrate and evaluate
which and to what extend manufacturing streams throughput time (TT) is impacted.

Manufacturing leanness improving dilemma should not be DLT or nothing. Value
added to in-house supply chain operations, due to DLT adoption, reveals that it should
not be seen as a stand-alone solution but rather as combination with other systems or
data sharing processes already in place. Moreover, results indicate that DLT provide
an additional option for optimization. Classic DLT argument is that it resolves trust
issues between interacting actors. However, beyond that it relates the transaction

focused approach as altered due to DLT adoption, to manufacturing optimization.
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Executive Summary Conclusion (GR)

H rteyvoloyio Distributed Ledger Technology (DLT), 11 aAMd¢ blockchain,
eMUTPENEL VEOLG TPOTOVG OAANAETIOpaoNG HETAED EMYEPNOEDV GE £Va OIKTVMUEVO
nmepiBairov. To DLT Bpioketon otor apyikd otddo TG OVATTUENG TOL Kot TOAAOL
opyoviIoHol o€ d1aPopovg KAAOOLE TEPAUATILOVTOL TPOKEIUEVOD VO AVOKOADYOLV TO,
0QEAT OALG KOt TOVG TEPLOPIGHOVS TOV ATOPPEOVY Ald TNV VIOBETNOM TNG TNV TPAET).
3TN OoNueEPWV] TOYKOCUIOMOMUEVT] OWKOVOUID, 1 OMOTEAEGUOTIKOTITO KOL 1|
OTOOOTIKOTNTA TMOV AEITOLPYIOV TNG EPOSINCTIKNG 0Avcidag eEaptdvionl amd Tov
OLYYPOVIGLLO, TOV GUVIOVICUO TWV SLOOIKOGIDY TOV 0PYUVIGHOD, TOV TUNUATOV GAAE
Kol TOV €EOTEPIKAOV OVIOTHTOV, TOV OAANAOEMOPOOV HE TIG Agrtovpyieg NG
€POO1AGTIKNG TOV ahvoidac. H amokevtporoinomn ot dwoyeiptong g mAnpoeopiog kot
M Un duvaTdTNTa AAALOIOGNG TG TANPOPOPING TOL AVTUAAAGCETOL ATOTEAOVV BOGTKOVG
molmveg G teyvoroyiog DLT. 'Eveka tov {ntnudtov gumoetochvng mov eysipoviat
OTIS OYECES UETOED OAANAOETOPOVIOV OPYOVICUDOV Of EMIMESO EPOSIOGTIKNG
alvcidag to DLT gaiveratl va amotehet pio AOom TOL £pYETOL VO, ATAVINGEL GE QLTA TOL
mmuata. ITowo cvykekpipéva ot mopovoo perétn Oa e€etactovy apyikd ot Adyot
voBémong tov DLT Bdon tov aAAnAemidpdcemy oTo oNUEIN ETAPNC TNG EPOOLUCTIKNG
aAVG100g KAOE OPYAVIGHOV E ECMTEPIKEG 1 EEMTEPIKES OVTOTNTAL.

Av ko to DLT éyer moAd dopopo va dravdoel péypt va viobebei gvpémg, ot
ETOPELEG TPOY®POVV KVPIOC GE TIAOTIKEG, GTOYEVUEVES, LKPNG KALOKAG EQOUPLOYES
o€ eMMEOO EPOSLNOTIKNG AAVGIONS Y10l VO OLEPEVVIICOVY T OPEAN TOV GTO TANIGLL TV
npooTadeldv ynelomoinong me. H ymoelonoinon g epodiactikng aivcidag Ppicketan
T0 EMIKEVTPO NG TPOOTAOELNG Y10 TV AVATTLEN AVTOYWVIGTIKOD TAEOVEKTNLATOG TMV
ETOLPELDV TOL EVOOUATDOVOLY YPOLUUES TAPAYM®YNG TPOIOVTOV. Q0TOGO, d0POPETIKES
€PEVVEG Kot LEAETEC OelvOUV OTL 01 KALGIOEG EPOOACHOD avTipeT®TILovY TPOoPA LT
AVTOAAQYNG TANPOPOPIOV KOOMDG Kot NTAHOTO EUMIGTOGVUVNG OTNV  OVIOAANYN
nAnpoeopiag kot ovtd kabotd To DLT éva 1davikd vIoynelo yio TNV oVTIHETMOTION
aVTOV TV TPpokANcemv. H 1d1a 1 teyvoroyia dev €xel kapia aviikelpnevikn a&io amod
povn g, mopd pOvo OtV EUTOPELUOTOTOLEITOL e KATOWO TPOTMO WHESOH amd £val
emyelpnuatikd poviého. Tote | owovopukn e aéio yiveton epgovic. H aAlayn tov
EMUEPNUATIKOD HOVIEAOV GLVOEETOL HE TNV KAvOTNTA €VOG OPYAVICUOD Vo
EUTOPEVLOTOTTOLEL VEEG 106€C Ko TEYVOAOYiEG 1 va ametkovilel TIC TapaAlayég TOL o€

pa yevikn aAvcioa a&iag. To DLT empépet BepeMmddelc aAloyég otov TpOTO e TOV
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omoio avTaAAAGGETOL 1) TANPOPOPING, EKTEAOVVTAL Ol GUVOAANYEC HETAED TOV HEADV
TOV EMYEPNUOTIKOD OIKOGLGTNHOTOS KOL TOV TPOTOL OV GLTO TO, OIKOGUGTILOTOL
aAAndoemdpodv petalld tovc. Xn peAétn pog viobetovpe g Bedpnon Ot TO
dedopévmv Tov Kabe opyaviopod amoteAolv ototyeio pe a&ion Kot To GLYKPUéva
amoTeEAOVV TTEPLOLGLOKO TOL otoyeio (data-as-an-asset). To emuyelpnUATIKO HLOVTELOD
OVTITPOGMOTEVEL TN AOYIKN TNG ONovpyiag a&iog EvOg opyaviopob Kot avTikatonTpilet
TOV TPOTO LE TOV OTO10 [ioL Tounpeio epappolet tnv otpatykn tg. Eivatl o ovvdeopog
petald NG OTPOATNYIKNG KOl TNG AETOVPYIKNG EQPUPUOYNG TMV E0MTEPIKAOV TNG
JdKACLOV.

H vrapyovoa Piproypaeia egetdlel T1g duvatdtnteg tov DLT va petapopedoet
™V £podlaoTikn alvcida. [lepropiopévn Opmc Epevva £xel yivel g mTpog ) depedvion
TOV EMATAOCEWV TNG VIBETONG TG TeXvoroyiag DLT oto gupltepo emyeipnuaticd
povtélo g emyeipnone. Av ko ot PipAoypogion ot KovoTOpEG GAAAYES TV
EMYEIPNUATIKOV LOVTEA®V aVOPEPOVTAL KUPIWG GTNV TTUYH TOV TEYVIKNG TPOOGOOV (G
Evav amd Toug KOPLovg LoxAos eEEMENG TOVG, N EMinT®ON TTOL Bl EYEL 1| EPAPLLOYT| TOV
DLT omv aAvcida £podlacod, 6TO EMYEPNUOTIKO LOVIEAO TV EMYEIPNCEDV TOV
Aertovpyobv  ypauués mapoywyng (manufacturer), £€yer  eEetootel  eAdyiorol.
Avayvopilovpe Ko B€tovpe 6TO EMIKEVTIPO NG £PEVVAC O TO YEYOVOS OTL O€ £val
eapeTikd SuVoKO TEPPAAAOV, OOV GLVLTAPYOLV JSLUPOPETIKOL TOHTOL CYEGEDV
HeTAED TOV EMYEPNOE®V TOV OAANAOETIOPOVV, Ol GLUVEPYOGIEC TV EPOSLOCTIKMV
aAVGId®V Elval APPNKTO CUVOEOEUEVES LLE TI) OLVATOTNTA OVTAAANYTG TAPOPOPLAOV KoLl
TN SLVOUIKT EUTIGTOCVVIG OV AVATTUGGETAL LETAED TV AAANAOETIOPOVI®MV HEPDV.
Mo va kKoAdyovpe Aomdv avtd to KeEVO GTNV LIAPYOVOO, EPELVA, EMIAEYOLUE Lol
EMOYOYIKY], TOLOTIKN] TPOGEYYION UEAETNG TOAAATADV mepumtdoemv (multiple case
studies) TPOKEWEVOD VOl ATOVTIICOVILE GTO TPMTO KLPLO EPEVVITIKO EPMTINLOL, KO TLO

GUYKEKPYLEVOL:

(mRQ1) «IToteg givar ot MOPACEIS GTO EMYEPTUATIKO LOVTEAD OV TPOKVTTOLV OO
mv vwobémon tov DLT omv €@odlootikn oAvcidn ETEPNOE®V UE YPOUUES
mopay®yns (manufacturers)y.

"Epevva: AkorovBnonke 1 pebodoroyia TG ETOy®YIKNG TOLOTIKNG £PEVVAG TOAAATADY
nepumtdoewv (multiple case study qualitative inductive research). H ocvAloyn
dedopévav €ytve péoa amd 2 YOPOLG NU-OOUNUEVOV GLVEVTEDEE®V e d1ELBLVTIKG

oTeEAEYN TNG £QOJOOTIKNG aAvaidag (elite informants) 25 emyyeipioemv
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Evtoniovpe ndg n viobétmon tov DLT og eninedo epodiactikng aivcidag odnyel o
dPaCTNPLOTNTES, TPOOEGELS KOl ATOPATELS TOV eMNPedlovV iTe dueca gite Eupeca To
EMYEPNUATIKO HOVTEAO TOL OpyovicpoV. XopToypoeoLUE TS OlNCTAGES TOV
EMYEPTUATIKOD LOVTEAOL TTOV EMNPEALOVTOL KO TAPEXOVILE EVaL LOVTELO OVAALGTG KO
a&loAoyNoNg TV ano@dcewv mov oyetiCovian pe v viobétnon tov DLT og emiedo
€POoO1AGTIKNG aAvcidac. EmmAéov diamotdvovupe g 1 viobéton tov DLT oonyei og
aALOYEG TOV ETUEPOVS OLOCTAGEMVY TOV EMYEPNUATIKO LOVTEAOV TNG EMLYEIPTONG.

Xmv épevva pog amodeyopaote Vv Pacikn Bedpnon, Pdon Piproypapiag, 6T N
EUMIGTOCLVT] LETAED TOV OAANAOETOPOVIOV HEP®V Eivol 0 KOP1og AOYOS vioBETnong
tov DLT. Eotidlovpe v £peuvd pog ota onpeio aAANAETIOPOoTG TOL OPYUVIGHOD LE
TIG OVIOTNTEG €KTOG OVTOV GTO EMIMEOO TOL EMYEPMUATIKOD OIKOGUGTHUATOS GTO
omoiov Aertovpyel 1 emyeipnoN, TPOKEEVOL VO O1EPELVIICOVE TTMOG 1) VIoBETon DLT
emnpedlel To EMYEPNUOTIKO TNG HOVTELO. Bdion TV arotedeoudtmv g Epguvag Log
KOTOAYOUUE OTO CLUTEPOACHO OTL givol TOAD omloikd va vmootnpifovpe OtTL 1)
EUMIGTOGVVT Kot 1) 01d0eom dedopévav amotelobv I HOVEG EUUECES EMOPACELS GTO
EMYEPNUATIKO LOVTELO Eveka NG epappoyns tov DLT. Ta armoteléopota g £pevvog
HOG amoKdALY AV OTL 1] EMAOYN KOL 1) OVTIKATAGTACT) EVOG ETAIPOV GTNV EPOSIUCTIKY|
aAvGidag, 0 EMOVOCYESIOOUOG OOOIKOCIOV KOl CUVOAAAY®DV, 1 Onpovpyio. VEog
YVOONG, 01 KAVOVEG KoL T KiviTpa cuvepyasiog LeTaED TV aAAAOETIOPOVTOV HEPDV
NG €QOOLNGTIKNG OAVGIONG EMOPOVV GTO EMYEIPNUATIKO LOVTELO OTOV 1) AVTOAAXYN
dedopévav yivetar péca and tn teyvoroyia tov DLT. Ta amotedéopatd e Epevvag
pog deiyvouv o0t M viwoBétnon tov DLT evepyomolel tov peETOOYNUATIOUO TNG
EUMIGTOGVVNG KOl TNG GUVEPYAGIOG TNG EPOSIOCTIKNG 0AVGIONS HETOED TOL OPYOVIGLOV
KOl TGOV  OlOLVOEOEPEVOV  UEPMOV NG OALGIONG E€POJICHOD GE  EMIMESO
owoovoTNHaToS. To poviého amdgaons yw v vioBéton tov DLT oe eminedo
€POOIOOTIKNG aAvoidag mov avarthynke Pdon TOV amoTeEAECUATOV NG £PELVOG,
ToPOVCIALEL Lo SUVOIKY EIKOVO LG 0KOAOLOING O0dIKOGIMV OTOTEAOVIEVT OO
dpacTNPLOTNTEG KOl TPOOEGEIS TOV TEAIKA KOTAAYOVV DITOOEIKVOOLV TIG EMUTTOCELS
OT1G OLOTACELG TOV EMLYEIPTLLATIKOD LOVTELOVL.

Ot 106Tipeg (epebng peer-to-peer) GUVIALAYEG PETOED TOV HEAMY TOV SIKTVOV, O
HeyOAog aptBpdg GUUUETEXOVI®MV 6TO SIKTVO SGPAAILOVY TOGO TNV ACQAAELD TNG
epapuoyng tov DLT 6c0 kot v avaykn yuo 0etikég ovvépyeteg-otktoov (network

effects). EmumAéov vroypapupilovv v avaykn vo amodeyfovpe v tpocEyyion Tov
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EMYEPTUATIKOD OIKOGVGTHIATOG Eveka TG approyns tov DLT. e avtd to miaicto
N aAinioeniopaon pe DLT peta&d tov eopéwv dnpovpyel a&io yioo To 01KOGVGTNHA
Kol KOT EMEKTOON Yoo TO KAOE OAANAOEMOPAOV HEPOG OvTOV EEYMPLOTA. AvTh
onuovpyia a&log pmopel va a@opd SoPOPETIKODS TOTOVS OKOGLGTNUATOV O
OIKOGLGTHHOTO KOVOTOUIOG, YNOLOKA , ETLYEIPTLOTIKG KAT.

v épevva pog dtevkpvilovpe molo TOTO OIKOCLGTHUOTOG TPEMEL Vo Adfovpe
VIOYT OTOV AVOPEPOLOGTE GE OMOTIKY| €Qappoyr] Tov DLT oty aAvcida epodiacod.
[Mapovcialovpe Tig avaroyieg Kot OLOIOTNTEG OLOLPOPETIKAOV TOTMV OIKOGVOTNUAT®V LIE
aVTO OV OMUIOVLPYEITOL AOY®D TOV OAANAETIOPACEDV TOV EMYEPNCEDV UECH TNG
teyvoroyiag DLT. Yrootnpilovpe OTL 1 OIKOVORIKT KOWVOTNTO OV OOTEAEITON OO
OPYOAVIGHOVG, TOV oV Kol aveEAPTNTOL, GLVOEOVTOL KO OAANAOETIOPOVY HETOED TOVG
péom tov DLT oynuatifouv avtd mov oto €£ng amokaiovue owkocvomue DLT. H
teyvoroyia DLT pmopet va epappootel € moAA0UE THTOVE 0O1KOGVOTNUAT®V. 26TOGO,
Myn épevva €xer yiver yuu to mmdg Aetrtovpyel 1o DLT oe OAovg tOUG TOTOLG
OWKOCLOTNUATOV. Avayvopilovle GLYKEKPLUEVE YOPOKTNPLOTIKG OIKOGVGTUATOS —
DLT kot vmootnpilovpe 01t vdpyovv opoldTTeg HETOED TMV JPOP®Y THTMOV
owoocvotnuatwv. H épegvva pog emekteiver m Piploypagio mov oyetiCetor pe
perét tov DLT kou TV ETYEPNUOTIKOV OIKOGLOTNUAT®OV OTAVIOVINS GTO

gpeuvNTIKo Vd-gpotnpa (SubRQ1.1), cuykekpipéva:

«Iloteg eivanr or avoroyieg tov Obpopwv TOHT®V owkoocvotnudtov pe 1o DLT-

OlKOGUGTI LA ».

Bdaon g Bedpnong tov DLT ¢ pio Kovotopog Yynelokn TEYVOAOYio oL
nmpocolopilel T1g ovvarlayég (transactions) HeTAED TOV HEADY TOV OIKOGULGTILOTOG,
emMALEaE Vo EETAGOVLE TOVG TOTTOVG TOV YNPLOKADV OIKOGUOTNUAT®V, TEXVOAOYIK®V
OWKOGUOTNUATOV, OIKOGUGTIUOTO KOWVOTOUIOG, OWKOGLGTHUOTO TPOIOVIMV Kot
VINPECLAOV, MG €101 OIKOGLGTNUATOV O KOVTE STV £Vvola Kot T AOYIKN AElTovpyiog
Tov owkoovotiuatog — DLT. AmokoAdwyope Tig OpoldTNTEG TOVE HE TO TOTMO TOL
emyepnuotikod otkoovotpatog — DLT (DLT business ecosystem) kot VTOmicape To
Bacikd yopaKINPIOTIKA 7OV KAVOLV T TOPOUTAV® €01 OIKOGLOTNUATOV VO
amoKAIVOUV omtd TNV TPOGEYYIOT TOV EMYEPNUATIKOD oltkocvothpatog — DLT. Amo
OLT TN GVYKPION GLUTEPAVOLLE OTL KAOE £val 0O OTA TO, OIKOGLGTNHOTO UTOPEL VoL

avartuyfel péoca oto  emyepnuotikd owoovotnuo - DLT. Ta empépoug
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OIKOGVOTNOTO UTOPEL €MIONG VO OTOTEAOVY VTOGVVOAO TOV, YWPIC OU®S aLTO Vi
onupaivel 6t TPEmeL ovoyKaoTikd va., Topldlovy pe ta Poctkd YopoKTNPIoTIKA TOV
owoovotuotog — DLT kot dev minpodv tovg otoyovg tov. KoatoAn&ope oto
ocvoumépacpa 0Tl To TeElevtaio pmopel va emitevyBel pdvo pe TV TPOGEYYIOT TOL
EMLYEIPNUATIKOV OIKOGLGTNHOTOS. Emopévee, amavioviag oto €peLvVNTIKO LTo-
epOUa ( SUbRQ1.1) 6yeTIKd He TO TO10¢ TOTOC OTKOGVGTILATOG EIVAL TO KOVTA GTNV
évvolo Tov DLT, xataAi&ape oty TpocEyyion Tov ENEPNUOTIKOD OIKOGVGTILOTOC.
Mo va yiver avtd epeovég, YOPTOYPUPNOAUE TIG OVOAOYIEG TOL EMLYEPTLOTIKOV
01KOGLOTNATOG e TO otkoovotnua DLT kot evtonicapie T opo1dtnteg HETAE) oT®V
TV dVO EVVOLDV.

Yrootmpilovpe 61t 6tav depguvovpe v vioBétmon DLT vrd to mpiocpa tov
OlKOGVOTNUATOC, TPETEL VL AGPov e VTOYN TOLG POAOVG OV Sladpapatilovy oL opEic
TOV OIKOGVLOTNUATOC MGTE VA dtoc@ariletor 1 Prwoipudtnta tov. H adia g epappoyng
DLT éykerron ot frocipdétta tov dtktoov DLT. H a&ia mov onpovpyeitor 6to diktvo
DLT, onmAaodn oto diktvo mov oynuotiletor omd emMyEPNOE TOV VIOOBETOLV Kot
aAnroemdpodv oMotikd péow DLT, moapdyetar cvlloyikd omd to péAn tov. Me
aVTOV TOV TPOTO UTOPOVLE VO, OLEPEVLVIICOVUE HE HEYOADTEPN aKpifela TiG ortieg
vwoBémong DLT, xobmhg dwapopetikoi porot oto owoocvotnuo — DLT, evtog evog
e€apeTikd SuVOIKOL TTEPPAALOVTOG, 0dNYoDV GE OOPOPETIKA KivnTpa V10BETNONG
DLT am6 Toug 0pyovicpovg tov emtfupovy va GOUUETATYOVY o€ avtd. Bacildpevol ota
YOPOKTNPIOTIKE  ‘O1KTVOV’ 7oL Oamd Tn Qvon 1N emPdrer 1 teyvoroyia DLT
EMEKTEIVOVLE TNV VIAPYOLGO £PELVO OMOVIMOVING OTO OEVTEPO EPEVLVNTIKO VTO-

gpotnua (subRQ1.2) cuykekpuéva:

«IIdg o1 popeig Tov owkoovatinatog — DLT pe Bdon tov pdAo Tovg, cuufdirovy o1

Bloootnra Tov;».

ELdyiomn €pevva éxet yivel yuo 1o Tdg 0 pOA0G oL KaTEXEL O KABE 0pyavIoUOG EVTOG
evog owoovotnuatoc - DLT emnpealel ™ Procydmro tov. [lpog diepedhvnon tov
TOPATAV® AapPavovpe vTOYN T0 SVVAUIKO TEPPAAAOV, EVTOG TOV OTO10 AglToLPYOHV
Ol EMYEPNOELS, OTOL 1 AvToAAayN a&lOTIoTOV dedopévarv mailet Oepelmon poro otV
emitevén g Prwoipudrag Tov otkoocvotuatog — DLT.

Evtomicope o611 M apyitektoviky DLT ko ot poAol TtV OVIOTHTO®V TOL

owoovotiuatog givor peilovog onuoaciog yoo ™ Prwotudtd tov. H ddvaun kou n
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6TAoN TOV KLUPlOPY®V TOKTOV TOV OIKOGLOTIUATOS MG EVTOS TOL OIKOGLGTIHOTOG
AmOTEAOVV TOVG BEUEMMIEIS TVADVES TNG PLOGLOTNTAS TOV OlKosvoThpatog — DLT.
O «nocovog onuaciog» etaipor (niche players), kat’ avoloyio pe ™ oYeTIKN
Biproypopio ¢ TPog o ‘EmMyEPpNUATIKO otkocvotipato (business ecosystems)’,
amoTEAOVV TN U1 Kupiapyn opdda popémv 6to otkosvotnua — DLT. H coppetoyn toug
0€ OVTO GUVOLETAL LLE TNV TPOOTTIKT] EXEKTAGTG TOV , VIO TNV £VVOL0L TNG GLUUETOYNG
TEPLOCOTEP®V POPEWMV TOV TPOGHIOOVV TPOOTTIKES PIOGYLATNTOG TOL OIKOGLGTHLOTOG,
Yrnoompi&ape 011 €dv 01 «GGOVOG onuaciogy TOIKTEG TOV OIKOGLGTNLOTOG
aoBavovtal 0tt amorappdvouv dvsavaroyn alia o GyEon e VTN TOV dNUIOLPYELTOL
0TO OKOCVOTNUO GLVOAKE, Oa amoBappvvOodv vo cvppetdoyovv o€ avtd, Oa
ATOYMPNCOLV 1] «IGGOVOG CNUACTIOG) TOUIKTES OEV GUVEYIGOVV VO GUUUETEYOVY GE OVTO
Kot TeEMKA O vrovopevoovy T Procipdtnta tov. Elvar emopévmg mpogavég 6tim Pabid
Evavtt g emParrdpevng ocvvepyosiog LETad TV Hep®V TOL 01KocLoTHHoTog — DLT
elval amapaitnt Tpodmdheon yio v emPiwon Tovg. Q¢ €K TOVTOL KOWY| HOipO TOV
oLVOEEl OA®MV TOVG GLUUETEXOVTEG 0TO otkoovotnpo — DLT mpémer va wbel tovg
Kuplapyot wapdyovteg Tov okocvatipatog — DLT mov opifouv tn dopn Kot t Hopen
TOV TTPETEL VO TECOLVV TTPOG AT TNV Katevlvvon.

Xy épevva pog eEepeuvnoape ™ SVVOULKY TOV otkoovothuatog — DLT kot vid
avtd 10 TpicUa TPOGIOPIGAUE OTL 1] ICOPPOTIO TOV OIKOGLGTHILOTOG, 1 EVPWOOTIA, 1
TOPUYOYIKOTNTO, 1] OCULUUETOYN «OCOVOG ONUOCIOG» TOKT®OV G€  ovtd, 1
EMEKTOGILOTNTO TOL, 1 gveEMELa, 1 ELOLYPAUUIGTN TOL GTOYOL GULUUETOYNG OO GAOVLG
TOVG GLUUETEYOVTEC KAOMG Kol Ol dpacTnplOTNTeg Kol 1 aAANAEEAPTNON TOVG
AmoTEAOVV TOPAYoVTEG Brocipndtnrag Tov otkocvotipatog - DLT. [Mapovaidlovpe Tig
evooyeveig kot eEmyevelg duvdpelg mov emnpedlovv v eEEMEN TOV OIKOGLGTNLOTOG —
DLT . Yrootpilovpe 6t 1 ovv €£éMEN mov Paociletal ot HETOPOPE YVAOONG Ko
mopwv, Vv emieyuévn apyrtektoviky tov DLT, tovg tomovg oyéoewv mov
avanmTHoooVTOL 1010iTEPO G€ OTL 0POPE TOL «|GGOVOG CMUOGIOG» TOIKTEG KOl Ot
aAlayég pOA®V o€ éva eEUPETIKA SOLVOUIKO TTEPPAAAOV OLKOGVGTHOTOC, ATOTEAOVV
TOVG KOPOVG €vOOYeEVElG mapdyovteg emtvuyiag oty yevikotepn e&EMEn tov
owoovotiuatog — DLT. Ao v dAAn mievpd, ot aAlayEg TG ayopdc, ot GALAYEC GTO
OLKOVOUIKO KOl KOW®OVIKO TEPPAAAOV, Ol TEXVOAOYIKEG OAANYEG KOl Ol KOVOVIGUOL
BewpnOnie 6TL amoteAoVV TOVG aVTIoTOYYOVG EMYEVELG TOPAYOVTEC.

Me Baon tig mo mpdopoateg efeAilelc g mpog TG epapuoyés tov DLT,

npocolopilovpe TN OLVOUIKY] TOL OIKOCLOTHUOTOS GYETIKA HE TOV TOMO TOL
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EMYEPNUATIKOV otkosvoThpatog- DLT, dnwg mpocsdiopionke Katd tnVv omdvinon 6to
TPAOTO €PeLVNTIKO VO-epdTNUO (SUDRQI.1) ko mpoteivoupe TOVG TOPAYOVTEC TTOV
npEneL va ANeOovy voyn yia ) Procipdmtd Tov. Yo avt v tpodmoddeon, divovpe
éupaon ot Oetikég ouvvépyeleg o€ emimedo Owktvov (network effects) mov
OMNUOVLPYOLVTOL EVTOS TOV OIKOGLGTNIOTOG OVOAOYO LE TNV Kupiapyn 1 un Béon tov
KkéBe opyavicpov oe avtd. [a va arokmoovpe TANpn ewova g vioBétong DLT
OTNV €QPOOINCTIKY] OAVGIO0, EMEKTEIVOLUE TNV £PELVEL LOG TEPO OO TN TPOPAVY|
aAMNAETIOPOOT TNG EPOJIAGTIKNG AAVGISNS TOV OPYOVICLOD pe GALOVG OpYaVIGHOVG,
OT®G omavTNONKE amd T0 TPMOTO KHPLO0 epeLVNTIKO epd@TNUA (MRQT).

Oewpobpe OTL TPEMEL EMIONG VO KOITAEOVE ECMTEPIKA GTOV OPYAVICUO Yo TN
depevvnon tov oty viobétong DLT o diepyacieg mov apopodv omokAEIGTIKA TIC
£0MTEPIKEG OLOOIKAGTES KOl OAANAETOPACELS TOV TUNUATOV TG 0AVGIONG EPOOIUGLLOV
¢ emyeipnong To DLT éveka TV evO0yEVAOV YOPOKINPIOTIKOV d1kTO0L (network
facet) mov 10 yapaktnpilovy dev paiveTal, TOLAGYIGTOV EK TPMOTNG OYEMG, VOL VTTOGYETOL
ONUOVTIKA 0QEAT €€eTAlOVTAG TV EPAPLOYT] TOV OMOKAEIGTIKA LITO TO TPIGHO TOV
ECMTEPIKMV SASKAGLDY TNG AAVGIO0G EPOJACLOV EVOG OPYOVIGUOD. XE AVTO TO UEPOG
™G £PELVAG LG, OPYIKAE OlEPEVVOVLLE EAV TO ECMOTEPIKE onueia ema@ng HeTalh TV
OAANAOETOPDVIMV LEPDV ECOTEPIKE GTNV EPOLAGTIKT AAVGIONG TAPEYOLY TPOGPOPO
£€00pog ywo. v a&lomoinon twv mAsovektnuatov tov DLT, amoavidviog €161 610

devTEPO KVPLO £peLVNTIKO epdTNa (MRQ2), cuykekpuéva:

«IIdg ot autiec vwoBétmong DLT oe eminedo eomTEPIKNG OAVGIONG EPOSOGLOV

emNPeAlovV TO EMYEPNUATIKO LOVTELO TOV OPYOAVIGHOV;».

‘Epevva:  AkolovOnOnke 1 pebodoroyion TG EMOY®OYIKNG TOOTIKNG  EPEVLVOG
pnepovouévng mepintmong (single case study qualitative inductive research) . H
HEHOVOUEVT TepinTmON eMAEXONKE PAON CLYKEKPIUEVOV YOPOKTINPIOTIKAOV TOL
0OpYAVIGHOV TO. om0l Oev TTapExovy mpopavn Adyo epapproyng g teyxvoroyioag DLT
EVTOC TNG £00O1A0TIKNG aAvcidag. H cuAloyn dedopévav Eyve péoa amd 4 yOpovg nut-
dounuévav ovvevtedEemv pe SELBLVTIKG GTEAEYT TG EPOJIOCTIKNG AAVGIdNG TOV
opyavicpov (elite informants). Xvvevtev&elg and 12 otedéyn pog povadoag mapeiyov o
apyd dedopéva Tpog avAlvon ta omoia HETA TV emeepyacio Tovg emPePfaiddOnkay
amd 2 avOTEPA GTEAEYN TNG EPOOINCTIKNG OAVGIONG 3 EMUTAEOV LOVAS®V TOPAYWOYNG

OV OVIIKOVV OTO 1010 OLUAO EMYEPNCEMY KO TAPAYOLV TOPOLOLN TPOTOVTOL
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Booiocape avtd 1o uépog g £pevva HOG GE TPOCEKTIKA EMAEYLEVT] TOLOTIKN
EMOYOYIKN €pevva pepovouévng mepimtwong (single case study) mov agopd puo
noAvebvikn emyeipnon katackeung owklokoy gfomhopod (home appliance original
equipment global manufacturer — ‘HA-OEM”). I'ia va. katovoricovpie o€ moto Badpd to
EMYEPNUATIKO HOVTELO TNG emyeipnong emnpealeton and v gpappoyn DLT vro to
TPIoUO. KOl HOVO TOV E0MTEPIKMOV OLOOIKACLOV TNG CAVLGIO0S EPOSIUGHOD, OPYIKA
AVOADOVLE TIG KOPLEG OLUOTAGELG TOV EMLYEPNUATIKOD HOVTEAOD KOl 0ELOAOYOVUE TTAG
emnpealeton kB pia and avtéc. Katomv ninpng kotoypoer Ttov S10d01Kocidv Kot
amoPAace®V Tov 0dnyovv oty andeact viobétmong DLT, ce eninedo eocmtepikmv
SLOOIKOCLDY ECMTEPIKNG AAVGIONS EPOSIOGHOV, AMEKOVICOVUE TO GYETIKO HOVTEAO
anopoong, To povtédo amekoviletl Tig SuvapIKES oxéoelg Hetalld TV PocIKOV aTIdV
vioBétnong DLT ywa 11g ecotepikés Kot dvo d1a01Kacieg TG EQOOOOTIKES OAVGIONG
Kol EMTAEOV aMEKOVILEL TNV EMIOPOACT] TOVG TOL GTO EMIYEPNUOTIKO HOVIELO TOV
0pYOVIGLOV.

Mo va a&lohoyncovpe ToV OVTIKTUTO 7OV €YEL OTO EMUYEPNUATIKO HOVIEAO M
vioBétnon DLT o115 ecmtepikég Asttovpyieg ™G aAvcidag epodtacio, EmAEyOnke M
YPNOT TNG OPYITEKTOVIKIG EMYEIPTUATIKOD HOVTEAOL OV TpoTeivetan amd tov Velu
(2018). To povtérlo avtd apykd cvopmeptlapuPdverl Tic TAEOV KOWE OmMOOEKTEG OO T
BipAoypopio SOCTACELS EMYEPNUOTIKOD HOVTEAOV. AnAadr|, TS O100TACEL TNG
onpovpyia a&iag (value creation), tnv npdtact a&iog (value proposition), T cOAANYN
a&lag (value capture). EmmAéov dpm¢ mpocsBétel T didotaon g a&iog Tov dKTHoL
(value network) mwov cuvadel pe ta yapaknplotikd g texvoroyiog DLT. H mapovca
épevva amokdAvye 6TL M VIOPEN ‘acvppeTpiog TANpoeopldv (information asymmetry)’
EYEL TO WHEYOAVTEPO OVTIKTUTO GTO HETACKNUOTIOCUO TOV EMLYEIPNUOTIKO HOVTEAO
KaTomy vioBEnong tov DLT. Aedopévov 0Tt 01 E6TEPIKEG AEITOVPYIES TNG AAVGIONG
EPOJLOGLOV OVOPEPOVTOL KLPIWG OTN OUOPPMOOT) TOL TPOTOVTOS Kol €V YEVN OF
Jrdkacieg oYeTILOUEVES LLE TNV TAPAY®DYT, 1] O1AGTACT TOV EMLYEPNUOTIKOD LOVTEAOV
7oV agopd ™ ‘Onovpyia adiag’ damotddnke 0Tt ival | didotacn wov ennpedleton
MEPLGGOTEPO, OMMOC OVOUEVOTAV GAAMGOTE, oKOAOVOOLWEVT Omd GLTH TOL ‘OIKTVOV
a&lag’.

To amotedéopato NG £pevuvag pag Ogiyvouv OTL HETOED  ETOPEDV OV
evoouatovovy make-to-order (MTO) ypappég mapaymyng, n tpoddeon tov tunudtov
™G €POJIOCTIKNG OAVGIONG VO AAANAO-EUTIGTEDOVTOL O1OOIKAGIEG KOl OEOOUEVA DEV

elval otatikr]. Avt| petafdiietor Baon g Sapopeovpevng Kabe gopd oyéong
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EUMIOTOCLVNG  OVOUECOH OTO OlOoLVOEdEUEVE UEPN TNG OAvcidag epodiacpov. H
wavotnta (capability) kot 1 akepordtnta (integrity) mov eivar, Bdon PipAtoypaeiog,
a0 TIC IO EVPEWS OVOYVOPICUEVES OLUGTACELS TMV HOVIEAMVY EUTIGTOGVVIG) GE £val
opyaviopd», amotelobv TS POCIKEG TOPAUETPOVS OMOTVTMOONG TOV  EMTEOOV
EUTIGTOGVVNG MOV EMTLYYAVETOL HECE® TNG GLVEPYACIOG TOV TUNUATOV TNG
EPOJLIOTIKNG OAVCIONG Kol TMV OAANAETIOPACEMY LE OVIOTNTEG ECMTEPIKA KOl
e€mtepd avtov. Ta epeuVNTIKA Lo OTOTEAEGHATA EGEIEAV OTL OTIC OMOTEAEGLLOTIKES
aAvcideg  €POSGUOD  VTAPYEL 1OYLPY EUMIGTOCHVN UETAED ECOTEPIKMV KoL
eEMTEPIKOV LEPDV TNG EPOOACTIKNG aAVGId0C. Q6TOGO, 0 avTAYWVIGHOS HeTAED TV
OA®V OAANAOETOPOVIOV HEP®Y TOV otkoovotpato — DLT ovvnbwe mapopéver.
Katadelydnke 011 oe pia kKohd dopmpuévn olvcido £podlocUoD, 1 HOVAOIKT TNYN
aAnBelag, 6mwg vrooyetar 1 teyvoroyio DLT, Ba mpénet va eivan og Béom va ekbBéaet
TV OmOWl  OVIOY®OVIOTIKY]  CUUTEPIPOPE  VTOVOUEDEL TN AEITOLPYIKN
OMOTEAECLOTIKOTITO TNG E0OTEPIKNG AALG100G odlacoV. H cuALoyn Kot Kataypoaen
OEJOUEVOV HECH GVYYPOVAOV OAOKANPOUEVEOV TANPOPOPLOK®DY GUCTNUATMOV EVIGYVEL
™ ANYM omoedcewv Paoet dedopévav (data driven decision making). [Tap 6Aa avtd,
TO, KEVA 0T 0pYElDl OEOOUEVMV TTOV TOPOVGIALOVTAL MG TTPOS TNV KATAYPUPT] OAW®V TOV
ogdouévv MOV aPOPOLV TNV €POJWIOTIKY]  aAvcida, 1M eVOEYOUEV
OVOTTOTELECUATIKOTNTO. GTNV aVTOAAQYT] TANpoeopldyv, ot €Aeyyor (audits) mov
KOTAVOADVOLUV TOPOLS TNG EMXEIPNONG Kot 1 EROOVICOUEVEG OOTOYIES AVTOAAAYNG
TANPOPOPLOV GE «OYEOOVY» TPayUATIKO Ypovo (near real time), amoteAoVV autieg mov
00MYOVV GE OVATOTEAEGLLATIKEG OATOPAGELS KO TPOKOAOVV OVETAPKEIEG O TPOS TN 010t~
TUNUATIKY GLUVEPYAGIO EVTOG TOV OPYOVIGLLOV.

Oocov apopd TIc TANPOPOPIES TOV KATAYPAPOVTOL KOl KOIVOTOLOVUVTAL ECMTEPIKA
otV emyeEipnon, N £PELVO OTOKAALYE OVOTOTEAEGUOATIKOTNTO OTIC OLOOIKOGIES
eE0puéng ko avtodlayng osdopévov. IlpoPAnuota mov oyetilovror pe eumdoln
(bottlenecks) otn pon avdivong twv TAnpoeopldv Tov Aappdavovtol wg feedback amod
TOVG TEAATEG, ASIOMIOTO OES0UEVA TTPOYPOLULATIGLOD TOPAYOYNG TOV OTOLTOVVTOL Y10l
avafepPNoES TOL TAAVOL TOPOY®YNG ONOTE OVTO OMONTEITAL, GCLYYPOVIGUOG
OEOUEVOV HETOED YPOUUDV TOPAY®OYNG, (NTAUATO OO-TUNHOTIKNG CUVEPYUCTNG Kot
OVOTTOTELECLATIKOTNTO ECOTEPIKNG EMKOWVMVIOG AOY® ECPOUAUEVOV OVIIAMYE®DV 1
KaOLGTEPOEMV GTNV AVTIGTOI(I0T OESOUEVAOV, ATOKAAVYAY OGVUUETPIES OTO EMIMEDO
dwyeipiong ko wpdsPaonc ota dedopéva TG epodlaoTikng aAvcidag (effort-level

information asymmetries). Ta guvprjpata ™G €pELVOG VTOYPAUUGOV TN CNUACTO TV
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unyovicuav dtapotpacpov (sharing) ko avrailoayng (exchange) mAnpogopidv peta&y
TOV TUNUATOV NG etalpeiog kot ilaitepa ekeivov mov oyetilovion pe TOV
TPOYPOUUATIGHO TAPOYDYNGS, TN Olaxeiplomn amobepdToVv Kot Tov EAeyyo mapaywyns. O
poroc tov DLT ocuvvadet pe tov poro evdg unyovicpov, o omoiog dtacporilel 6t ot
aPUOOIOL OAAMNAOETOPAOVTEG QOPEIS TNG €POJOTIKNG aAvcidac OBa exteAodv Ta
Kafnkovtd Ttovg ovuemvo pe To mpokaboplopévo mpdtuma. Me vV amoKTnoN
eumepiog, ot etaipeieg yivoviot mo ikavég kabdg PeATidvouy optopéveg 0e&10TnTes Kot
amokTovV peyoalvtepn yvoon. H olotikn epappoyq DLT oty gpodiactikny aAvcida
EVIOYVEL TO AVOLYLOL TV 0EOOUEVMV, TN TPOGPacn amd TOAAE pHépn ota 1010 dedouéva
Kol TN OlPAVEID T®V OEOOUEVO ECMTEPIKO OTNV EPOJOCTIKY] OAVGIdO €VOG
opyavicpov. EmmAéov peuwver v acvppetpion otn dayeipion ko mpdcPaocn oe
dedopéva (information asymmetries), ond to UEPN NG EPOJIACTIKY] OALGIONG TOL
AAANAOETOPOLY ®OMVTOG T VO avafaduicovy TIC IKOVOTNTEG TOVG.

EAMetyel epeuvov oyetikd pe Tov Tpomo pe tov omoio 1 viofétnon DLT oe eninedo
ECMTEPIKNG €POONOTIKNG 0ALGIdag Bo pmopohce vo emmpedosl T MTOTNTO NG
napaywyng (manufacturing leanness), facilopacte ota svprpota Tov mRQ2 yuo va

OTOVTNOOVE £VaL EMTALOV EPELYNTIKO VTO-epdTNUA (SUbRQ2.1), dniaon :

«Ze mowo Pabud mn viobémon DLT emmpedler ™ MtdmTa TG TOPAY®YNG

(manufacturing leanness);»

Ao to oteléym kot epyalopevoug e emyeipnong HA-OEM mov cvppeteiyov
OTIS OULVEVTEVEELS Yl GLAAOYN Ogdouévav pe okomd v amdvinon oto mRQ2,
OLAAEYOLHE Kot OovoAvovpEe €K VEOL odedopéva Pacilopevol v vmdbeon OTL 1
vwoBémon tov DLT Ba ennpedoet poévo 1 por) IAnpopopidv Kot dev Bo AneOel vdym
Kkapio dGAAN texvikn Beltimong tg pong vAKov. Xpnowomolovpe T pebodoroyia
XapTOYpAPNOoNG pong tng a&iag (value stream mapping — VSM) yuo vo. ametkovicovpe
TNV TPOCOUOIOUEVT) HEAAOVTIKY] KOTAGTAON OCUUPOVO HE TIG LTOOECES L.
Xpnowomotovpe Oniadn ta aroteAéopata amd To mRQ2 yo va evtomicovpe oe oo
onueia g pong ¢ mapaywyns Ba elxe emidpaon 1 epapuoyr tov DLT. Telkd
ansikoviCovpe kot a&loloyovue moteg poéc mapaywyng (manufacturing streams) Kot o
nowo Pabud emmpedaletar o ypdvog dieknepaimong TV podv mapaywyng (throughput
time — TT). Mg Bdon ta evprpatd pog, okto (8) amd tig dekatpeig (13) poég mapaywyng
enpdvicay petwpévo TT katd 0,61% - 3,81%, Adym vioBétmong tov DLT. H peimon
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opeiletar Kvplwg o1 pelwon tov evolduecov oamobepdtov (work-in-progress
inventories) £éveka TG PEATI®OONG TG CLVOAIKNG AMOTEAEGLOTIKOTNTAG TOV EEOTAGLOV
(overall equipment effectiveness-OEE) mov ta emnpedlel. EmmAéov dwamotmdnke 0t
evd 10 ovvoAkd TT kaBdg kol m Kpiown pon| mapay®yng mov to TPoodtopilet
mopapeivay apetdfinto. Zvvoyilovidg damotdvovue 0tl  tpootiféuevn aéia otig
E0MTEPIKEG AEITOVPYIEC TNG EPOOINGTIKNG aALGidac, AOY® ¢ vioBétnong tov DLT,
arokoivmtel 6Tt to DLT dev mpémet va ekAapuPavetol amoKAEIGTIKA G Lo dVTOVOUN
Adom mpog PeATIOTOTOINOT TG EPOJICTIKNG 0ALGIdNG. Av Kol emdeiydnke OTL 1
epapuoyn tov DLT pmopetl cvuvelopépel koar og o axoun pébodo Peitiotomoinon,
TOPOAD OUTA 1) EQPAPLOYN TNG TPEMEL VO VTOAOYILETOL (G GLVOLOGUOS ME GALQ

oLOTHNOTA 1 SLOSIKAGTIES KOWVNG YPNOTG O0EOOUEVMV TTOV 10T EQaprdiel | emyeipnon.
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1. Introduction

!Digitalization affects almost everything in today s organizations, including the way
that supply chains collaborate and puts pressure for change. Digitalization of intra and
inter-organizational processes reveals new avenues of transformation in operations
and supply chain management (Holmstrom, J. et al. 2019). Distributed Ledger
Technology (DLT), or else blockchain, promises a new path of digitalization through
the decentralized way that companies interact and exchange data. The latter pushes
companies to rethink the way they design and operate their supply chains. Being a
foundational rather than a disruptive technology, DLT does not attack the traditional
business model but offers multiple opportunities to innovate it (Weking, J. et al. 2020;
lansiti and Lakhani, 2017). In today’s globalized economy, supply chain operations
effectiveness and efficiency depend upon the synchronization and coordination not only
of the internal to company processes and departments but also of the external to the
organization entities, that intersect with in-house supply chain operations.

We acknowledge trust among interacting parties and the need for disintermediation
as the main DLT adoption drivers. In our research we focus on the intersection of
organization’s supply chain with entities external and internal to the company. We
adopt a qualitative case study approach, to answer two primary research questions. The
first (mRQ1) is: “What are the implicit effects in business model that stem from DLT
adoption?” That question will be answered through a multiple case study research,
which focuses on organization’s supply chain interactions with entities external to the
organization. The second main research question (mRQ2) is “How DLT adoption
causations at in-house supply chain level impact organization’s business model?” This
question will be answered based on a single case study research, selected through
specific criteria that fit to research purpose. Case study focuses both on DLT
interactions among in-house supply chain entities. Recognizing the impact of supply
chain transformation into manufacturer’s business model, we intend to reveal how DLT
adoption could impact organization’s business model through the respective supply

chain transformations triggered. We seek to reveal in-house supply chain DLT adoption

! Papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT
adoption. Procedia CIRP, Vol 103, p 298-304, https://10.1016/j.procir.2021.10.048
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causations by investigating organization’s processes intersections internally and
externally to its supply chain. Based on the conclusions drawn we describe their impact
on business model dimensions. Based on the findings of mRQ2 we will further
investigate the impact of DLT adoption at in-house supply chain level to manufacturing
leanness thus answering the research sub question (subRQ2.1) of “To what extend could
DLT adoption impact manufacturing leanness”. We will extend data collection through
the participants and elite informants engaged in single case study data collection for the
purpose of answering the mRQ?2.

We start Chapter 1 by introducing DLT. We refer to how DLT works considering its
types, architectures and benefits as well as the main DLT developments such as dApps
and smart contracts that allow DLT adoption diffusion. Based on DLT traits and
attributes we argue for an ecosystem approach and beyond that we refer to DLT
ecosystem sustainability. We pay special attention to the network effects created within
the DLT ecosystem since they are necessary for its expansion. We further investigate
the DLT ecosystem dynamics developed. Given the fact that to investigate DLT
ecosystem we need to dive deeper in ecosystem literature, we explore how ecosystem
types make fit to DLT. In that sense we introduce the first sub research question
(subRQI1.1), which is “How do ecosystem types make fit to DLT?”. We argue that
shared fate of DLT ecosystem, requires each member, irrespective of its position in it,
to have a clear perception of the expected business value and the value that will be
shared with other ecosystem entities. Shared fate of ecosystem interacting actors leads
to explore the aspects of DLT ecosystem sustainability. Thus, before we explore
business model effects by DLT adoption we insert another research sub question
(subRQ1.2), which is “What are the Business Ecosystem actor roles for DLT ecosystem
sustainability” to identify the aspects of DLT ecosystem sustainability.

In Chapter 2 we refer to the theoretical background that supports our research. We
dive deeper into the business ecosystem perspective, thus exploring its definitions,
enablers and the evolution from inter-firm relations. To identify the ecosystem type that
fits to DLT we refer to ecosystem conceptualizations, that based on literature, are closer
to DLT ecosystem approach. Based on literature we explore the attributes of software,
technological, digital service, product and innovation ecosystem types. Moreover, we
investigate DLT ecosystem sustainability, ecosystem dynamics, actor roles, endogenous
and exogenous forces of ecosystem evolution. Moreover, in Chapter 2 we introduce the

business model theory, elaborate on how it is related to organization strategy and refer
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to business model innovation. Since the focus of our research is DLT adoption under
the supply chain context, we refer to DLT interconnected supply chains. We explicitly
consider the notion of trust, as one of the key DLT adoption drivers, thus probing into
how it is related to manufacturing in-house supply chain operations. In that we way we
lay the theoretical background of answering the mRQ2.

In Chapter 3 we present the methodology that will be followed to answer the two
main research questions mRQ1 and mRQ2. Since we selected qualitative inductive case
study approach, we present in detail all the parameters that affected case study empirical
setting. We present data collection efforts, data analysis set up and results along with
the strategy followed to ensure data trustworthiness. For mRQ1, we selected multiple
case study approach. mRQ2 a single case study approach has been adopted. For the
latter we present the single case study selection criteria and how does the selected case
meet them. Moreover, in Chapter 3 we present the methodology, data collection, data
analysis efforts that will be taken to answer the subRQ2.1 We elaborate on the results
of mRQ2 and perform a new round of data collected at shop floor level through the
same single case study as in mRQ2, analyzed and presented through the value stream
mapping (VSM) method.

In Chapter 4 we present the findings that emerged from data structure created after
data analysis, as described in Chapter 3, For the first main research question (mRQ1),
we describe ten (10) overarching themes that have been inductively identified after
multiple case study analysis. Based on data analysis related to the second main research
question (mRQ2) we present five (5) overarching themes. We analyze how those
themes have been emerged based on the qualitative analysis and coding followed and
what are the links between different layers of the coding structure followed. For the
subRQ2.1 we depict the impact on DLT adoption to manufacturing leanness. Based on
our simulation, eight (8) out of thirteen (13) manufacturing streams demonstrated
reduced TT by 0,61% to 3,81%, due to DLT adoption, while the total TT as well as the
critical manufacturing stream have been found to remain unchanged.

In Chapter 5 we quote all research conclusions. We initially refer to the conclusions
stemmed by the two research sub-questions that answer, “How do ecosystem types
make fit to DLT” (subRQ1.1) and “How DLT ecosystem actor based on their role,
contribute to ecosystem sustainability” (subRQ1.2). Based on the findings presented in
Chapter 4 we propose a process model that incorporates implicit business model effects

of DLT adoption, under a manufacturing supply chain context. We discuss how DLT
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adoption for a manufacturer leads to activities and decisions which affect its business
model. Respectively for subRQ1.2 we develop a process model to assess the factors
that resonate DLT adoption at in-house supply chain level. Beyond that we discuss its
impact on re- shaping the business model dimensions. Regarding the subRQ2.1we
discuss the limited impact of DLT to manufacturing leanness, that is mainly based on
the potential overall equipment effectiveness (OEE) improvements. We also present the
impact of DLT adoption under the case of unexpected PPC disruptions, unexpected
manufacturing SLA deviations or decisions that are related to production planning and
not affected by OEE. Research flow process for all main and sub research questions is
illustrated in Figure 1

In Chapter 6 we discuss research managerial implications and limitations. We
further elaborate on how through the process models proposed, managers could assess
DLT impact on business model based on the implications triggered by DLT adoption.
Moreover, we exact conclusions on how DLT adoption managerial decisions could be
assisted through the degree that DLT fulfill any supply chain inefficiencies stemmed by
the absence of enhanced trust and disintermediation. Limitations presented oi Chapter
6 are referring to the respective multi and single case study selection criteria, such

organization size, manufacturing type and manufacturing strategies.
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Figure 1 Research flow process




1.1 What is DLT and how it works.

DLT is essentially the technology that allows the decentralized storage of totally
ordered records or digital events grouped into blocks. DLT network participants invoke
cryptographically protected transactions to transfer virtual assets between their
accounts. Each transaction is digitally signed by the issuer and posted to the ledger.
Transaction has to be approved by competing nodes before it gets committed by the
DLT network. To initiate this process, transaction is broadcasted to every node in the
network. Those nodes will collect transactions into a block, verify them in the block
and broadcast the block and its respective verification using a consensus mechanism to
get approval from the network (Zhang, Xue and Ling, 2019). Every time a new block
is created, it is broadcasted to all DLT network members that add it in chronological
order to their local copy of ledger. Consensus mechanism takes over to validate
transactions and link blocks in a chronological order. Consensus mechanism is the
method used among blockchain members to reach an agreement that information is
valid and can be committed to the chain. The protocol that solves the consensus problem
guarantees that blocks are totally ordered. Hence, preventing a block from being
appended if it contains transactions that conflict with transactions of the previous block
(Nicta,V.G. 2016). Furthermore, the more mature the block, e.g., the longer it has been
in the ledger chain, the greater its integrity (Haoyan, W et al., 2017).

DLT allows the creation of a peer-to-peer network, where each participant holds a
copy of the shared ledger of digital signed transactions. This sequence of linked
historical transactions is referred to as chain, see Figure 2, and the evolved data
structure is often referred as blockchain. In literature blockchain refers both to the entire
technology and the implementing factors. In some cases, it is referred only to public
DLT platforms. Since each DLT network participant holds an identical database or
single version of information validated through consensus, it is affirmed that within
DLT networks a single version of the truth is created. When interactions or transactions
rely on a central trusted authority there is the risk that the single information provider
doesn’t tell the truth. DLT changes that due to the transparency promised, since entire
events history access and consensus mechanism allow only the execution of valid

transactions.
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Figure 2: Functional diagram of blockchain network (Monrar, Selen and Andersson, 2019)

1.2 DLT evolution, smart contracts and dApps

Distributed databases concept is not new. Oracle released a distributed database
system in 1985 (Oracle, 2017). DLT differs in the fact that database is managed
uniquely decentralized, while Oracle’s system and other distributed databases that
followed, are managed by one central controlling entity. In DLT it is the stakeholders
over the network that execute and control all three main database activities, meaning
read, write and validate. Only after digital record is validated it becomes part of the
network of transactions. DLT evolution can be summarized in four stages (Angelis and
Ribeiro da Silva., 2019). Following the chronological evolution of DLT, in stage one
DLT spotlight felled on the transactions and more specifically in applications related to
cryptocurrencies and peer-to-peer transactions, without the need of trusted
intermediaries. In the second stage, DLT had been extended to address privacy
challenges and the idea of a programmable DLT came up. Smart contracts and
Ethereum, the DLT platform that runs smart contracts, had been introduced in 2015 and
are considered as a milestone in this evolution. Smart contract is a set of computer
program code stored in DLT blocks that is self-executed when predetermined terms and
conditions are met. Smart contracts are increasingly becoming the cornerstone for
enterprise DLT applications. The pre-programmed terms of an agreement between two
anonymous parties enable them to trade and do business. They enforce some type of
agreement so that all participants can be certain of the outcome without the need for a
middleman (Salviotti, et al., 2018).

Development of decentralized applications (dApp) fostered DLT transformation to

the third stage of its evolution. dApps has its backend running on a decentralized peer-
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to-peer network, operate autonomously with no entity controlling the majority of its
tokens. Its frontend code is written in any program language and makes calls to its
backend. Although a bit premature to clearly define what Blockchain 4.0 will actually
be, it seems that it will be an expansion of DLT focus to further incorporate
improvements through Artificial Intelligence (AI). Although all DLT stages of
development had different purpose and value drivers, as summarized in Table 1, they
enabled new ways of value creation sparking the potential to build a foundation for

creating unprecedented ecosystems (lansiti and Lakhani,2017).

Enablers Value Driver
Blockchain 1.0 Decentralized Consensus Transaction cost
Blockchain 2.0 Smart contracts Added services

Decentralized applications,

Blockchain 3.0 .
storage and computing

Organization boundaries

Decentralized artificial Autonomous decision

Blockchain 4.0 . . .
intelligence making

Table 1: Enablers and value drivers of blockchain (Tsatsou, et al., 2010)

1.3 DLT types and architecture

There is a o lot of hype around DLT architecture classification. Under one approach
those architectures can be classified along three dimensions: (1) centralized versus
decentralized, (2) private/ permissioned versus open/public and (3) on-chain versus off
chain data storage (Xu, X., et al.,2017). Although designed for distributed architecture,
DLT can be also implemented on centralized architecture, such as the permissioned
DLT infrastructure offered by International Business Machines (IBM) for end-to-end
supply chain management (IBM., 2017). Respectively, there are ecosystems developed
around public, permissionless but distributed DLT architecture, such as the international
shipping cargo freight solution Blockfreight (Smith, 2016). It is fact that the most
popular DLT architectures, such as those implemented in Ethereum, are permissionless
and public. On the contrary, privacy is usually combined with permissioned DLT

architecture, that addresses the need of not disclosing to the public sensitive information

pg. 35



(Treiblmaier and Beck, 2019). According to a report published by the McKinsey & Co
(2019) DLT architecture can be public and permissioned. In that format, anyone can
join and read but only authorized participants can write and commit permissions. We
will further breakdown the second dimension, into two more options (2i and 2i). 2i
denotes the alternative where the architecture is based on data infrastructure ownership
and is characterized as public, private or consortium. Consortiums are special -purpose
DLT networks, where data can be private or public but only verified participants are
allowed to validate blocks. Linux Foundation project Hyperledger is an example of
such a network. The 2ii dimension underlines the permissioned / permissionless option,
that defines DLT architecture based on read, write or commit permissions to the
participants (Buterin, 2015).

Off chain data storage architecture addresses the need of data storage separately
from the ledger for sensitive data, e.g., on cloud. Requests for access are posted on a
public ledger and consensus mechanisms after verifying the validity of requests, post
them to a private ledger for traceability purposes (Haoyan, et al. 2017). Recently there
have been proposed various DLT designs, such as the two-way peg, lightning network,
sidechains, plasma etc., in an effort to connect DLT networks together and increase
scalability by overcoming on-chain DLT architecture barriers such as capacity issues.
Creating programmatic connections and protocols between DLT, networks aim to
facilitate value transfer between different ecosystem actors, resolve privacy concerns,

increase dApps interoperability and gradually remove DLT mass adoption barriers.

1.4 Current projects, benefits, challenges and concerns.

DLT demonstrates significant potential and prospects for applications in a variety
of economic fields. Organizations that already invest in DLT, apart from the financial
sector belong in the technology media and telecom, manufacturing and energy and
resources sector, based on Deloitte’s 2019 global blockchain survey. Based on that
survey, data access, sharing, validation and id protection are the foremost use cases
among all industries. Although each industry pursues DLT in a way that best serves its
collective interests and attacks its fundamental business challenges, all efforts try to
prove the potential of capitalizing on the key DLT advantages of transparency
traceability, advanced security, anonymity, trust and decentralization. Transparency,

that refers to the access of the entire events history by all participants. Traceability, that
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relies on transparency, and refers to the opportunity of each DLT actor to trace goods
along their supply chain route. Advanced security, that refers to the transaction
immutability and their attribute that data can neither be eliminated nor counterfeited.
Anonymity, that refers to the option not to disclose actors’ identity in DLT operations.
Trust, that refers to the opportunity of DLT network members with no established
relationship to transact with high degree of confidence based on digital records
available in the DLT network. Decentralization, that refers to the removal of middlemen
and its profound impact on the cost saving aspect of business operations.

As expected for every technology in its primitive stage of development, there are
some major concerns and fundamental technical challenges to be met, that undermine
large-scale adoption of the technology. The same applies for DLT, irrespective of the
industry applied. High level of computational power required to confirm DLT blocks,
especially when proof-of-work (POW) consensus mechanism is adopted and the
respective energy consumption, especially for public DLT networks, address the high-
cost problem of DLT implementation (Yli-Huumo, J. D. et al. 2016; Fernandez-
Carames and Fraga-Lamas, 2016). Storage capacity is another DLT technical concern.
stemmed by the DLT security attributed regarding the large number of full nodes in
DLT network required to validate transactions for each block (Reyna, et al.,2018). In
addition to that, scalability is being affected negatively by the size of data exchanged
through DLT, the transaction processing rate and the latency of data transmission
(Koteska, et al, 2017). Apart from technical challenges, where progress is underway,
there are concerns around the attitude and intentions of DLT actors due to dynamics
developed in the respective ecosystem. Regulation concerns, such as who sets the
standards in a DLT network and what should be the integration with legacy systems,
are to be explored per industry considering the selected DLT architecture. The same
applies to concerns that rely on DLT ecosystem actors’ intention to participate in the
network. The way that data are accessed and validated offer an undisputable value but
there is skepticism around which pieces of information should be revealed in
transactions. These concerns along with trust and power dynamics in DLT ecosystem,
where data management and info sharing lay at the center of ecosystem value co-
creation, will be further explored and treated in this study as the critical dimensions of

ecosystem sustainability.
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1.5 Network effect in DLT ecosystem and its impact on ecosystem expansion

Number of DLT ecosystem actors is crucial for network security. This is validated
by the need of really high hashing power for one or more attackers to come out with
51% attack of any major DLT ecosystem. Moreover, in POW consensus mechanisms
self-mining actors need more than 1/3 of the total mining power to gain outsized profits.
In proof-of-stake (POS) consensus mechanisms, security comes from putting up
economic value at loss. That among others means that the more the DLT network actors,
the higher the stake for block validation rewards and the higher the deterrent penalty
for tactors that intend to act maliciously. Without going into deeper technical details
about the attack resistance capability of DLT consensus mechanisms, we will consider
the aspect of V. Buterin, the co-founder of Ethereum, on the safety of that mechanisms.
He notes that “the mathematical and economic reasoning behind the safety of the
consensus mechanisms often relies crucially on the uncoordinated choice model or the
assumption that the game consists of many small actors that make decisions
independently” (Buterin, 2017). It is therefore obvious that the higher the number of
DLT participants in DLT business ecosystem, the higher the sustainability of the

ecosystem stemmed from its security viewpoint.

Dominant DLT
business ecosystem actors

' 4 Value to each
non-dominant
ecosystem actor

*Keystone *Value Dominator
*Physical Dominator

Non-Dominant DLT
business ecosystem actors

Value to each
dominant
ecosystem actor 4

*Niche players

Figure 3: DLT business ecosystem actors and network effect

Apart from ecosystem security, DLT ecosystem expansion is directly associated
with the network effect as illustrated in Figure 3. Transparency, traceability, visibility,
anonymity, trust between unknown members and cost savings from the removal of

middlemen are benefits gained in a DLT ecosystem. The more the actors in the

pg. 38



ecosystem, the higher the benefits perceived for everyone in the system and the higher
the value created by the system. In DLT ecosystem, actors create value for actors. That
case is expected to attract more actors to join the ecosystem, so that more value will be
created, and even more actors will be incentivized to join. network effects in the case
of DLT ecosystem expansion becomes obvious. When a network effect is present the
value of the product or service increases according to the number of others using it
(Shapiro and Variahn. 2008). In DLT ecosystem, its expansion is the key for that added
value, that in its turn affects ecosystem’s sustainability.

DLT encourages interactivity among ecosystem participants and consequently tends
to enhance these network effects (OECD,2014). In any ecosystem the rules of
governance motivate participation and subsequently affect the emergence of network
effect. In DLT business ecosystem, DLT architecture attributes, such as public or
private, permissioned or permisionless, as well as the position that actors hold in it,
formulate ecosystem governance rules. These rules indicate who and how can
participate. The shared value created in the ecosystem, powered by the network effect,

is the motivator for the actors to become part of the ecosystem.

1.6 Why we consider DLT ecosystem approach.

A community of organizations and stakeholders compete and collaborate to co-
evolve capabilities and deliver goods and services from the innovation process (Moore
1993). Beyond the boundaries of the firm, a network of stakeholders, described as
business ecosystem, is created to collectively produce a holistic integrated
technological system that creates values for customers (Basole, 2009; Lusch, 2011).
Loose interconnection of partners in community, large number of interconnected
participants and their interdependence for mutual survival are key attributes of the
business ecosystem (Iansiti and Levien, 2004). In its core essence, DLT value lies in
DLT network sustainability. Peer-to-peer transactions among network members, large
number of participants in network that ensures DLT security and presence of network
effect, highlight the business ecosystem approach for DLT. The fact that value created
in DLT network is collectively produced by its members and the different roles of
loosely interconnected members within the DLT network, enhance the need for
ecosystem approach. DLT network members can hold the same roles as the actors that

compose the business ecosystem, as described by Moore (1993). Meaning that they can
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be suppliers, lead producers, customer and market intermediaries, such as agents selling
complementary products. DLT can be implemented within an organization with the
different business units to serve the role of DLT actors. In our study though, the focus

is in DLT ecosystems consisted of a network of organizations and stakeholders.

1.7 What makes a DLT ecosystem sustainable.

Through a combination of digital and business ecosystem success factors we
identify what are the factors that apply to DLT ecosystems. Moreover, we define DLT
ecosystem health and sustainability. Robustness, productivity and niche creation, are
critical success factors of a business ecosystem (lansiti and Levien 2004), that find
direct application to DLT ecosystem. Robustness refers to the capability of business
ecosystem to survive from major stresses, such as those that occur by the removal of
the dominant DLT ecosystem player or by a strong reduction of the niche player base.
In DLT ecosystem a robustness trauma is directly impacts network effect created, due
to potential actor base shrink and latency implications, until another dominant player
emerges. An antidote to that is the increased engagement that deepens relationships and
reduces the chances of partners to jump to a relationship with a competitor.

The degree of business growth created in DLT ecosystem, and value added compose
the productivity DLT ecosystem success factor. In DLT business ecosystem, where
niche players either contribute with low value creation or they feel that they enjoy
disproportional amount of value created by the network, are not incentivized to
participate. Niche player participation is associated with ecosystem scale up potential
and represents the second stage of the ecosystem lifecycle (Gawer and Cusumano,
2014). The third stage of the ecosystem life cycle, that is also related to DLT ecosystem
success, 1s ecosystem stability and profitability. Profitability is related to ecosystem
value distributed to network members and especial to niche players. Stability is affected
by ecosystem orchestration and regulation and impacts its members’ faithfulness
(Jansen, Brinkkemper and Finkelstein, 2013). In DLT ecosystem it can become
detrimental when the dominant player imposes too confining regulations. This attitude
could enforce superficial versus true collaboration between niche players, especially
when considering their relationship with the dominant player. Moreover, it would
impact negatively both the opportunities created for the niche players and ecosystem

balance.
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According to a report by Boston Consulting Group (2019) the more the partners and
the more industries they come from the better the ecosystem will fare. This is related to
the expertise brought in ecosystem from other industries. Under this aspect scalability
and flexibility are considered as DLT business ecosystem success factors up to the
degree that they contribute into brining in or linking ecosystem members from a broad
variety of industries. Aligned goal and activities bond ecosystem participants to each
other toward value creation. These bonds are reinforced though DLT ecosystem
member interdependency, that by default condenses their interactions. Therefore, the
latter indicates interdependency as an indicator of ecosystem health (Li, 2018).

Even when competition dynamics are developed in the ecosystem, no company
competes alone. Moore (1993) emphasizes that it is not the companies that compete but
their respective ecosystems. DLT ecosystem is characterized by its member interaction
through DLT. Interaction reinforces ecosystem member co-specialization (Li, 2018)
and that is a profound prerequisite for DLT ecosystem sustainability. Visibility and
transparency in data sharing processes contribute to knowledge sharing and creation.
Balance is essential for ecosystem success and sustainability. In DLT ecosystem, niche
players participate when their goals are in line with benefits and goals of other
ecosystem members. Value creation mechanism should allow DLT ecosystem actors to
receive the benefits they expect and consequently keep participating in the value co-
creation process. However, evolution of ecosystem dynamics indicates that ecosystem
actor relationships change over time. In a healthy ecosystem although this evolution
might lead to role changes, it must not affect ecosystem balance. In business ecosystem
actors’ success is a prerequisite for an organization to achieve its goals. Ecosystem
might find another let’s call it “goal equilibrium” but still this should keep incentivize
ecosystem actors to stay in it. A strong niche player base is decisive factor for DLT
ecosystem sustainability. Its expansion that contributes to ecosystem survival depends
on DLT scalability and flexibility that facilitates future members to onboard in the
ecosystem. Signs such as increased competition among niche players or ecosystem
dominant player failure, for instance through financial crisis or when an organization
changes its strategical orientation, should be considered as warning messages for
ecosystem health. Dominant players usually lie in the center of ecosystem value
creation mechanism and their failure or their intention to change strategical orientation
may have serious effects to ecosystem balance. These effects may vary from making

the value creation mechanism obsolete or even manipulate their relationships with
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ecosystem actors through the power stemmed by of their position and eventually change
the collaboration incentive for other interacting actors. All ecosystem members need to
accept a level of ambiguity since controlling ecosystem members and imposing

artificial collaboration does not lead to a sustainable perspective.

1.8 DLT ecosystem dynamics.

Ecosystem interdependent organizations feed-off, support and interact with each
other exchanging knowledge, resources, products and services (Vidgen andWang,
2006; Tsatsou et al ,.2010). These endogenous ecosystem forces power the co-evolution
among ecosystem members, since they force them to evolve reciprocally with each
other (Basole, 2009; Teece, 2007; Moore, 1993). Their relationship may be competitive,
cooperative or even result in co-opetition (Isckia and Lescop, 2009; Watanabe et al.,
2004). In business ecosystems, platform leaders play paramount role in dynamics
change when all subsystems are connected in a stable mode through the platform they
provide (Li, Y., 2009). Similar to that, in DLT ecosystem DLT architecture is the
mechanism that connects ecosystem members’ subsystems but neither the technology
provider nor the special nature and role of specific ecosystem actors, such as DLT
validators, play crucial role in dynamics change. It is the dominant ecosystem player
that holds that role. DLT architecture may or may not be provided by the dominant
player and that is not the critical point in DLT ecosystem relationship dynamics. It is
the power and attitude of the dominant player towards the ecosystem relationship
governance. Interdependency of heterogenous partners creates exchange dynamics, that
by default transform ecosystem member relationships (Lenkenhoff, et al., 2018). This
transformation will constantly alter business ecosystem relationships making
competitive, cooperative and co-opetitive relationships being simultaneously present in
it. Ecosystems survive due to the adaptability of their interacting entities (Boschma,
2015).

Subsequently preservation of the dynamic attitude in DLT business ecosystem is
vital for its sustainability. DLT ecosystem dominant players usually have strong power
over the niche players. Attitude of dominant DLT ecosystem players might lead niche
players to suffer from coordinated membership and affect deep collaboration. In
addition to that an ecosystem is not static especially when its members co-evolve their

behavior, attitude, engagement, complementarity and even change roles. In a
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sustainable DLT ecosystem, all members must seriously consider the strong possibility
of the emergence of such dynamics in order to constantly adjust their behavior in a

manner that will protect ecosystem sustainability.

1.9 DLT implementation in manufacturing supply chains and business model
impact

’As DLT maturity advances, research for DLT implementation in supply chains
stems from the advanced information exchange promised. From operational,
strategical and sustainability viewpoint, there are not many businesses, that supply
chain management affects to such a massive extent the core essence of the business as
in manufacturing business. Significance of supply chain collaboration, communication
and data exchange along with the importance of relationships established among
interconnected parties in a digital connected world, indicates the power of technologies
to transform the business model. Let alone in the case of DLT adoption which brings
radical changes in supply chain collaboration. Eliminating the dependency and
vulnerability of third-party providers, increasing the control over shared information
and establishing trust among actors, DLT adoption promises to lower costs, increase
visibility, transparency and supply chain efficiency (Bocek, et al. 2017, Nofer, et al.
2017). We therefore set the manufacturing organization in the center of the emerged
business ecosystem, recognize the breakthrough innovation that DLT brings at supply
chain level and put the notion of trust in the heart of DLT transformation drivers. Under
that set up we explore the changes that drive manufacturers to change or innovate their
business model.

Although it is beyond the scope of this study to present a business model definition
and despite the ongoing debate on it, we rely on the general assumption that finds the
highest consensus among researchers. Meaning that the business model represents the
value logic of the company (Fielt, 2013; Osterwalder, et al. 2005, Pateli, and Giaglis,
2004, Wirtz, et al. 2016). Based on literature, when non-trivial changes in at least two
business model elements are provoked, then the ‘business model change’ concept is
considered (Chesbrough, 2010). Its extension is discussed in literature as business

model innovation. Implementation of novel configurations of resources or transactions

2 papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT adoption.
Procedia CIRP, Vol 103, p 298-304, https://10.1016/j.procir.2021.10.048
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to serve new markets, test of a completely new generic first appearing business model
or even changes and tests in the way that a new idea or technology can be
commercialized lay the ground for business model innovation (Bock and Gerard, 2018;
Amit and Zott, 2012).>Traits, benefits and specific characteristics that DLT brings both
at company and business ecosystem level make it a strong candidate for either business
model change or business model innovation conceptualization. Since the same
technology commercialized in different ways yields different results, we cannot
straightforward conclude that DLT should, by default, trigger any business model
change or innovation endeavor. Any new technology implemented could cause changes
at strategical, operational, process or market level and not necessarily fuel any changes
or innovations at business model level. In the case of manufacturing companies, and
under the condition of the networked nature of DLT, we start by exploring the role of
DLT at supply chain level with focus on the changes and attributes that its
implementation attaches both to company and to the ecosystem. We end up answering

the first main research question (mRQ1) of” What are the implicit effects in business

model that stem from DLT adoption?”

Distributed Ledger Technology (DLT) promises decentralization, increased
visibility, transparency, anonymity, traceability and higher level of trust among
interacting parties (Bocek, T. et al. 2017). Under a supply chain context and in particular
when looking into the processes performed in-house, such as in-house logistics,
manufacturing, production, quality control, procurement, Production Planning and
Control (PPC), data exchange etc., we can easily identify that most, if not all, DLT
promises can be met to some extent, by solutions and strategies other than DLT.
Literature identifies that disintermediation and trust are key drivers of DLT adoption
(Nofer, et al. 2017). Trust is the foundation of every business relationship and the basis
of most transactions, whether this is referred to interacting entities internal or external
to the company (Rus, 2005).

Intermediaries create trust and must be trusted as well. Organizations are expected
to trust their own data kept in their systems and be confident on the way that their
internal supply chain operations are performed. In a centralized supply chain almost all

interacting entities and data that support the respective processes are expected to be

3 papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT adoption.
Procedia CIRP, Vol 103, p 298-304, https://10.1016/j.procir.2021.10.048
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under organization’s direct control. Under that sense, DLT does not seem, at least at
first sight, to be needed or to have much to contribute under an in-house supply chain
context. To the extent that an organization adopts new ideas and technologies, which
affect the generic value chain, the extant business model needs to be at least reviewed
(Chesbrough, 2010; Magretta, 2002). DLT adoption at in-house supply chain level,
undoubtedly brings massive changes in the value generation mechanism, at least
regarding its value creation dimension. Beyond that it is expected to affect all business
model dimensions. We will therefore explore DLT adoption causations at in-house
supply chain level. Based on the findings we set out to advance our understanding of
DLT adoption impact on the business model dimensions, thus answering the second

«“

main research question that is ‘“How DLT adoption causations at in-house supply chain

level impact organization s business model?”

1.10 What ecosystem types and actor roles should we consider when we discuss
DLT adoption

*We argue that DLT can be adopted and drive value creation in different ecosystem
types. DLT specific characteristics seem to match better to business ecosystem type and
based on literature we initially need to explore the analogy between those two
structures. We argue that there are similarities between different ecosystem types and
to identify how DLT attributes fit to all ecosystem types we recognize the need to review
those ecosystem types that their conceptualization is closer to DLT ecosystem
approach. Limited research has been done regarding the investigation of the ecosystem
type and attributes that fit better to DLT ecosystem approach. Due to the characteristics
of DLT there seem to be attributes from many ecosystem types that apply to DLT
ecosystem conceptualization. To close that gap, we dive deep into ecosystem definition
and literature review, to initially investigate the basic notions of business ecosystems
and further develop our understanding on its relevance with DLT. We explore how key

business ecosystem definitions, key enablers and evolution from inter-firm relationship

4 Papanikolaou, E., Angelis, J. and Moustakis, V. 2023. Which type of ecosystem for Distributed Ledger
Technology? Journal of Technology in Society, Vol 72, https://doi.org/10.1016/j.techsoc.2022.102143
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to the business ecosystem approach fit to DLT realization. After that we explore
similarities and analogies to DLT ecosystem against the business, software,
technological, digital, innovation, product and service ecosystem, that demonstrate
characteristics which to some degree fit to the DLT ecosystem approach and are
therefore conmsidered to be closer to DLT conceptualization compared with other
ecosystem types. In that way explore in depth the business ecosystem analogies to DLT
ecosystem conceptualization and compare it against other ecosystem types to identify
the respective differences and analogies. By answering the first research sub-question

of “How do ecosystem types make fit to DLT? " (subRQ1.1) we fulfill the need to define

what ecosystem type we should consider when we discuss DLT.

Due to DLT network facet and its specific characteristics we recognize the need to
explore what are the factors that define DLT ecosystem sustainability. DLT enabled new
ways of value creation sparking the potential to build a foundation for creating
unprecedented ecosystems (lansiti, Lakhani, 2017). Ecosystem actors share a common
fate. Over time ecosystem members coevolve their capabilities and roles, tending to
align themselves with directions set by one or more central companies (Moore, 1993).
Ecosystem crosses many industries and includes actors with different roles. We argue
that enforced participation leads rather to superficial than deep collaboration. Shared
fate of DLT ecosystem, requires each member, irrespective of its position in it, to have
a clear perception of the business value expected to be gained and shared. Given the
dynamic nature of the DLT ecosystem we need to explore how its members based on

their role contribute to ecosystem sustainability, thus answering the second research

sub-question (subRQ1.2) of “How DLT ecosystem actor based on their role, contribute

to ecosystem sustainability?”. If this promising technology is about to unleash its

potential, all interacting actors need to realize how to maintain DLT ecosystem

sustainability.
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2. Theoretical background
2.1 Business ecosystem perspective

The predecessor of business ecosystem concept has been the ecosystem, derived
from the evolutionary theory in biology (Hannan and Freeman, 1997; Adner and
Kapoor 2010; Boschma, 2015) Biological ecosystem definitions underline the
community aspect of organisms highlighting that it is about systems with complex
dependencies that interact and change (Peltoniemi and Vuori, 2008). In organizational
theory the ecosystem approach sees organizations as distinguishable systems that
provide complementary contributions. These interdependent bodies have strong ties
and loosely coupled internal and external relationships within an ecosystem (Adner and
Kapoor, 2010).

Ecosystems follow the dynamic attitude and evolutionary process of biological
ecosystems, that remake themselves reacting to natural disturbances and to the
competition among species (World Resources Institute, 2000). Biological ecosystem
need to respond and adapt to outside and inside changes. Additionally, the variety of
distinct species guarantees ecosystem survival, since it ensures that at least some of
them can deal with the new situation. Similar to that in business ecosystems the diversity
of ecosystem actors guarantees the ecosystem stability by increasing the possibilities of
new space and business opportunities to emerge and therefore adds to the ecosystem
faithfulness ecosystem. Analogous to biological ecosystems in business ecosystems
participants evolve subsequent to endogenous and exogenous factors. For instance,
knowledge exchange and resource leverage are forces internal to the ecosystem that
affect the co-evolutionary process, while external factors such as changes to the
economic environment, government regulation and technological changes influence the

business ecosystem evolution.’

> Papanikolaou, E., Angelis, J. and Moustakis, V. 2023. Which type of ecosystem for Distributed Ledger
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2.1.1 Business ecosystem enablers

According to Moore (2006), the structure and behavior of the network of
organizations that form the business ecosystem is empowered by four organizational
conditions. Irrespective of organization’s strength and ecosystem position in it, all
actors need to work together, usually under a key technological platform, to achieve
positive sum relationships. Interacting organizations need to collaborate within the
ecosystem to thrive in it, since they share its success and failure as whole. On the top
of that, collaboration in business ecosystem is strongly related with the creation of
complementary capabilities. According to Moore, collaboration boosts the prospects of
actors, especially those of the nice players, to leverage complementary resources from
other actors and develop specialized complementary capabilities. This is not only a
prerequisite for the business ecosystem to thrive, by motivating players to participate
in it, but since it fosters innovation, it can be seen as the second condition that enables
ecosystem expansion.

By developing complementary capabilities in business ecosystem, actors enhance
their differentiation through their specialization reinforcement. Innovation, seen as the
result of actor collaboration is the second facilitator and factor of business ecosystem
organizational formation. Finding space for business opportunities and developing
business within this space are the last two ideas that empower business ecosystem
generation and sustainability. Business ecosystem actors join in to benefit from the
value creation and mostly of the innovation impulse in ecosystem to enhance their
domain of expertise. Innovation and synergies within the ecosystem create space for
new business opportunities and especially for nice players that represent the bulk of the
ecosystem. When participating in it can be a first-class opportunity to expand their

business.®

2.1.2 From inter-firm relations to business ecosystem

Inter-firm relations stemmed from the service and product development

disintegration are considered to be the predecessor of business ecosystems (lansiti and
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Levien, 2004). These relations pushed towards the creation and evolution of networks
and alliances. Organizations realized that risk sharing, access to collaborative
knowledge and exogenous change responsiveness has been proven to act to their benefit
through inter-firm network formation (lansiti and Levien, 2004, Eisenhardt and
Schoonhoven, 1996). Although literature addresses the impact of inter-firm networks,
in particular for the technology industry, findings have proven that this impact applies
to a wide spectrum of industries. Studies have shown that firm performance, speed of
innovation and organization are positively impacted by inter-firm network formation
(Ahuja, 2000; Gulati et al., 2000). Business ecosystem, although often described
through the lens of the technology sector, is approached as the community structured
by the interactions formed by complex inter-firm networks (Green and Sadedin, 2005).

Systems theory and complexity light up inter-firm network complexity. It is seen as
the actor differentiation that given the degree of independency enables ecosystem self-
organization through the high degree of actor interaction and interconnection. In his
fundamental study Moore (1996), unfolds the evolution from core business to the
extended enterprise and expands it further to the business ecosystem approach. He
acknowledges that business ecosystem is an extension of the loosely coupled self-
organizing network of firms to an extended system of mutual supportive organizations
(Moore, 1996). Although this has been a latter business ecosystem definition by Moore
it emphasizes the cluster concept along with the decentralized decision making and self-

organization (Peltoniemi and Vuori, 2008).”

2.1.3 Ecosystem definitions and literature review

Moore was the first to introduce the concept of business ecosystem as a
biological metaphor of organizational behavior and community structure into social
systems. In those systems, tactors’roles bring them together into networks that success
and failure is shared as whole. According to that approach business ecosystem is an
economic community consisted of organizations, that although independent, interact
either cooperatively or competitively in production, customer service and innovation

(Moore, 1993). This definition underlines the interactions within a business ecosystem,
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since it highlights the horizontal relationships among network participants. The
diversity of an organization operating within a business ecosystem, in relation to the
relationships developed has been supported to be a decisive factor for business
ecosystem self-organization and adaptability (Peltoniemi et al., 2005). The outside in
approach in business ecosystem structure and adaptability suggests that organizations
develop their internal processes and interfirm relationships, thus formulate and
reciprocally reshape the business ecosystem structure and its shared fate based on the
diversity of their environment (Peltoniemi et al., 2005). The set of positive sum
relationships between interdependent ecosystem actors has also been recognized by
other scholars (Basole, 2009; Dougherty and Dunne, 2011). Moore (1996) focuses on
firm networks and sees their economic activities as undivided per specific industry,
supporting that the term business ecosystem should be replaced the term ‘industry’.

Some scholars are going beyond this interfirm symbiosis concept to introduce
human network integration in business ecosystem concept, such as interconnections
between executives (Ibarra and Hansen, 2011; Vargo and Lusch, 2004). Other studies
present business ecosystem as a concept similar to value network, where beyond firm
boundaries the nested commercial systems comprise a complete, nested set of products
and services that define a specific market demand. This approach highlights the
innovation prospect in value networks counting them as a model description of both
context and content, where each company engaged in it contributes a specific
component to deliver product and service to a specific demand (Christensen and
Rosenbloom, 1995). The collaborative effort to drive value creation that no single
ecosystem member could create itself is mentioned in almost all business ecosystem
concepts (Adner, 2006, lansiti, and Levien, 2004). In an effort to understand business
networks, the biological ecosystem analogy has been addressed by various studies.
These studies recognize the large number of network members and their loosely coupled
interconnection and interdependency that determine their mutual effectiveness and the
ecosystem shared fate and health (lansiti and Levien, 2004).

The focus on innovation and business ecosystem approach in literature has also
been revealed by studies that go a step beyond defining the scope of a business
ecosystem. Thos studies address the need of multinational companies to manage
innovation through their strategic keystone role in it as platform leaders (Hauptman,
2003). Other studies manifest organizations’ need to to manage the entire ecosystem

and the organization as an entity on its own (Power and Jerjian, 2001). Although these
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studies derive their assumptions from the integrated electronic business point of view,
they introduce a resource-based view for ecosystem prosperity, stress the ecosystem
standpoint and consider the advantages of cooperation. Despite their strong emphasis
on the technological aspect of the networked information economy other studies
contribute to business ecosystem concept by featuring the importance of information
exchange boosted by the connectivity between ecosystem members as the main driver
of ecosystem value creation. They indicate that it is the business ecosystem concept
that alters the interfirm relationships and not the other way round (Gossain and
Kandiah, 1998). Other studies see that it is the interconnectedness that causes the
changes in the landscape occupied by an organization within the ecosystem. Since each
networked actor landscape is being coupled to many other changes in one ecosystem
member, it has an impact on the landscape of other actors such as competitors,
collaborators and complementors that results into reshaping the business ecosystem

(Lewin, 1999).%

2.2 What DLT ecosystem is not.

To identify what type of ecosystem is the most appropriate to consider for DLT we
will critically examine the ecosystem types that are closer to the DLT conceptualization.
DLT is an innovative digital technology that designates the transactions between
ecosystem members. We will therefore the software, digital, technological, innovation,
product and service ecosystem types that are demonstrate characteristics that to some
degree fit to the DLT ecosystem approach. Our purpose is to identify how do these
ecosystem types match for DLT as illustrated in Table?.
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Ecosystem Similarities to DLT Where DLT business ecosystem
Types Business ecosystem doesn’t fit to other ecosystem types
-A set of soft . .

Sct Of solhware -DLT ecosystem is not being drawn up by
solutions and common . .
software service providers and software
software platforms that
Software support and empower vendors.
ecosystem PPOTE p - DLT ecosystem actor relationships are
transactions.
L affected but not defined by software
- Emphasize in member
. platforms.
interconnectedness.
-Ecosystem actors
elaborate the technology -DLT ecosystem contributes in the creation
challenges in the and the delivery of technology products
. development, availability, | and services but this is not its scope.
Technological . .
ecosystem performance, connectivity | - The scope pf DLT ecosystem is not to
and efficiency of a expand the system of use. DLT is the
specific technology. component upon which organizations build
-Information exchange platforms
plays a central role
-DBE focuses in the software environment
created and not in the business
-Ecosystem actor .
. . environment formed through ecosystem
interaction and the . . . .
e actor relationships and interaction.
distributive nature of the . .
. - DBE challenges are mainly related to its
environment. : .
. . . technological traits, such as IT, data
Digital -The role of digital O
. . exchange rules, digital interfaces and not to
Business infrastructure as self- . . . e
. . actor dynamic relationships, capabilities
ecosystem organizing mechanism. . :
. . co-evolution, trust in ecosystem and value
-Prosperity of digital
of data management.
technology plays a ] e
. . -Role definition and ecosystem positioning
significant role in the fate | . . .
in DLT business ecosystem is not solely
of the ecosystem. . . .
conceived around the information flow
notion as in DBE.

Table 2: Comparison between DLT ecosystem and similar ecosystem concepts (Papanikolaou,

Angelis and Moustakis; 2023. Which type of ecosystem for Distributed Ledger Technology?)
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Ecosystem Similarities to DLT Where DLT business ecosystem
Types Business ecosystem doesn’t fit to other ecosystem types
- Service ecosystem does not address
- Value co-creation competitive relationships that raise barriers
through service exchange. | to value co-creation are absent.
- Emphasize in the - In DLT business ecosystem the product
. collaborative process and | can also be the basis of exchange
Service . .
recognize the foremost - In DLT business ecosystem actors are not
ecosystem . . . .
importance of the necessarily resource integrators as in
information technology. service ecosystems.
-Actors create value for - In DLT business ecosystem actors
actors. contribute in the same value chain
participating in value adding activities
- Product ecosystem’s scope is to add value
. to the product itself, enhance the
-Value co-creation : .
. L attractiveness of the associated focal
includes the synergistic .
product and increase customer loyalty but
benefit of users,
does not address the value shared to other
complementors and
Product ecosystem stakeholders.
producer networks.
ecosystem L - In the product ecosystem network effects
- The high importance of
focuses on the number of products and on
market based assets and .
. S o not the ecosystem actors that interact for
relationship with entities .
that exist outside the firm value creation,
" | - In DLT business ecosystem the central
notion is not the product and its success
- DLT might include but is not an
ecosystem of interdependent innovations.
S - Innovation ecosystem actors are defined
-Co-specialization, .
. based on their upstream and downstream
bargaining power and . )
. > role around the focal innovation and based
relationships impact the . )
on the relationships to the focal actor.
value captured by the 3 . .
. - The number of innovation actors is not
Innovation focal firm. .. o
critical to the ecosystem sustainability for
ecosystem -Ecosystem actors co-

evolve capabilities

-The dominant ecosystem
actors sets the ecosystem
direction .

the innovation ecosystem as is to the DLT
business ecosystem.

- Customer demand side is absent in
innovation ecosystem.

- Participant diversity is not essential in
DLT business ecosystem as is in the
innovation ecosystem.

Table 2 (continued): Comparison between DLT ecosystem and similar ecosystem concepts

(Papanikolaou, Angelis and Moustakis: 2023. Which type of ecosystem for Distributed Ledger

Technology?)
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2.2.1 DLT ecosystem is not a software ecosystem.

Scholars have used similar constructs to describe the ecosystem such as the
software ecosystem (Jansen et al., 2013). Ecosystems formulated due to its member
interconnectedness through DLT and blockchains should not be confused with software
ecosystems (SECO). dApps that incorporate DLT are critical for the expansion of the
ecosystem powered by blockchain, since they facilitate DLT adoption. However, the
ecosystem created by organizations participating in the blockchain is not a software
ecosystem. A SECO is consisted of a set of software solutions that support and empower
the transactions of organizations participating in a social or business ecosystem
(Bosch, 2009). In a SECO the network is being drawn up by software service providers
and software vendors, that depend on other software vendors for software components
and infrastructure.

The SECO concept is closely related to the technology-based ecosystem, as it
reflects the need of software vendors to establish networks to meet the quickly changing
technology challenges in the development, availability, performance, connectivity and
efficiency of software elements and infrastructure. The software ecosystem approach is
the expanded view of the software services market between the actors that function as
unit of the due to the need of software interoperability and software vendor alliances.
Common technological platforms, operating systems, libraries and component stores
usually ground the SECO actor relationships through the Information, resource and
artifact exchange (Jansen et al, 2009). DLT definitely defines the dominant design of
the platform in the ecosystem and some of the actors may hold the role of software
vendors but the ecosystem created through the DLT adoption is not a network of
software vendors. However, a SECO might be deployed in a DLT business ecosystem,
since platform interoperability, the variety of DLT designs and the creation of
programmatic connections and protocols between DLT networks creates space for

software vendor collaboration.’

2.2.2 DLT ecosystem is not a technological ecosystem.

% Papanikolaou, E., Angelis, J. and Moustakis, V. 2023. Which type of ecosystem for Distributed Ledger
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Like SECO, the technology-based ecosystem and more specific the information
technology ecosystem can also be confused with the ecosystem created when actors
interact through DLT. We could assume that each SECO is an ecosystem based on
specific technology. The technology ecosystem is the expanded view of network of
organizations that drives the creation and the delivery of technology products and
services. In these networks technology vendors are surrounded by non-technology
producing organizations such as integrators service suppliers, etc. A technology-based
ecosystem is not the sum of its parts such as independent technology providers,
customers, resellers, outsources and technology standard regulators.

Core technological components, such as platforms, surrounded by complementors,
such as applications connected or built upon the core solution made by independent
companies, offer solutions comprising a larger system of use than the original
technology component provider (lansiti and Richards, 2006). The scope of the
technology-based ecosystem is to expand the system of use, through its actor co-
evolution and interconnectedness, to solve technical problems within an industry. In a
technology-based ecosystem it is the complementary technological innovations that are
built upon the core technology that drive the ecosystem value creation (Gawer and
Cusumano, 2014). The role of DLT as the component upon which organizations build
platforms and definitely plays a fundamental role in the business ecosystem should not
be confused with the role of the platform as the interacting functional element in a
technology-based ecosystem. In an ecosystem formulated due to DLT adoption there
may be platforms at different levels of the system hierarchy (Makinen and Dedehayir,
2012).1°

2.2.3 DLT ecosystem is not a digital business ecosystem.

The digital business ecosystem (DBE) concept has been introduced in 2000 in the
field of business research and has been further elaborated in the EU Framework
programs FP6 and FP7. It was based on enhancing the potential of the SMEs to
compete with larger software houses (Korpela et al, 2013). Ecosystem actor

interaction and the distributive nature of the environment that it creates appear to be

10 papanikolaou, E., Angelis, J. and Moustakis, V. 2023. Which type of ecosystem for Distributed Ledger
Technology? Journal of Technology in Society, Vol 72, 102143,
https://doi.org/10.1016/j.techsoc.2022.102143

pg. 55



common aspects with the ecosystem generated through the DLT adoption. Although
later studies expanded the definition of the DBE, the basic difference between these two
ecosystems lies in that the DBE focuses in the software environment created and not in
the business environment formulated through ecosystem actor relationships. The
synthesis of the literature in DBE stresses the weight of digital infrastructure not only
as an accelerator of environmental turbulence that drives new forms of value creation
but also as the self-organizing mechanism (Power and Jerjian, 2001).

Other definitions of DBE highlight the self-organizing behavior of organizations
boosted by high level internet-based technology maturity that fundamentally supports
the business services. The digital environment enables independent species in it, such
as components, applications, services, business models, conceptual frameworks to
interact, co-evolve and share a common fate. DBE fate stems from the interest in the
prosperity of the digital technology (Zachman, 1999). DBE ecosystem concept is closer
to the technology-based ecosystem rather to the business ecosystem powered by
blockchain. DBE challenges are related to technological traits such as incompatibility
of information technology, data exchange rules and digital interfaces (Lenkenhoff et
al., 2018; Chen, Vallespir and Daclin, 2008). Although DBE actor related challenges,
such as partner competences, are linked with the origin of the ecosystem definition, role
definitions are conceived around the ecosystem information flow notion (Karakas,
2009; Adner and Kapoor, 2010). In a business ecosystem where DLT is the connecting
bond between actors, the prosperity, self-organization and evolution resulting from the
member exchange dynamics is being assisted by but not happening due to DLT or any

blockchain dApp development. !

2.2.4 DLT ecosystem is not a service ecosystem.

Service ecosystem is defined as a system of loosely coupled resource integrators,
interacting through technology and service exchange (Vargo and Lusch, 2016). Service
ecosystem concept emerged as an evolution of the service dominant logic. It may
happen that fundamental constructs of the service ecosystem such as service exchange,

value co-creation and in some cases resource integration are identical to a specific

11 papanikolaou, E., Angelis, J. and Moustakis, V. 2023. Which type of ecosystem for Distributed Ledger
Technology? Journal of Technology in Society, Vol 72, 102143,
https://doi.org/10.1016/j.techsoc.2022.102143

pg. 56



structure of a business ecosystem formulated based on DLT. This is obvious in a DLT
business ecosystem, where service is the fundamental basis of exchange and competitive
relationships that raise barriers to value co-creation are absent. Although both service
and DLT business ecosystems emphasize in the collaborative process and recognize the
foremost importance of the information technology, we can spot substantial differences
between them. In DLT business ecosystem, relationships may vary from competitive, to
cooperative and co-opetitive and the basis of exchange can be both product and service.
On the top of that in DLT business ecosystem all actors are not necessarily resource
integrators, while on the contrary this is a core trait in a service ecosystem (Akaka et
al., 2013). The most significant difference lies in the fact that in a service ecosystem
actors make value propositions to each other and not deliver or add value (Lusch,
2011). In DLT business ecosystem although actors may create value for actors, actors
contribute in the same value chain participating in value adding activities. In service
ecosystems institutions are seen as the foundational social aspects of value creation.
Although institutional arrangements can be reflected through smart contracts as the
DLT business ecosystem equivalent (Kaartemo et al., 2017), the role of institutions as
intermediaries in service ecosystems is controversial with the core decentralization

logic of the DLT business ecosystem. '?

2.2.5 DLT ecosystem is not a product ecosystem.

Product ecosystem has been referred in literature as a whole product pointing out
the perspective to provide the customer with a complete solution (Lambkin and George,
1989). The scope of product ecosystem has been defined to provide the customer a
compelling reason to buy. This approach emphasizes into the complementarity of the
elements external to the focal product that drive its purchase. For instance, software,
training, support, additional hardware and other compatible to the focal product
services and products that contribute in focal product completeness are considered as
part of the product ecosystem. Other researchers have named the industry and the
product infrastructure to compose the product ecosystem (Lambkin and George, 1989;

Mecintyre, 1988). A synthesis of the literature suggests that the synergistic benefit of
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users, complementors and producer networks is seen as the product ecosystem
composition that intends to add value to the product itself, enhance the attractiveness
of the associated focal product and customer loyalty (Frels, Tasadduq and Rajendra,
2003). Complement’s network is based on the principle that the more the complement
products the more useful the focal products. User network approach is based on the
early adopter s influence on the non-adopters. Producer network is a resource-oriented
approach and involves the original and competitive product manufacturer. These actors
target into increasing the size of the potential market either by cooperation or by co-
opetition that offers synergistic effects such as resource price reduction (Kotabe, Arvind
and Preet, 1996).

Product ecosystem’s core essence lies in the market-based assets, meaning entities
that exist outside the firm. This can be recognized as highly similar to the DLT business
ecosystem traits. The interdependencies and market relationships of competitors,
complementors, producers, suppliers, distributors and users enhance ecosystem value
creation. However, in a DLT business ecosystem the central notion is not the product
as a whole, meaning as set of entities that will make the focal product more lucrative
for the customer. This is only one aspect of a customer-oriented business ecosystem
where product acceptance and customer experience are inextricably linked with the
success. The product ecosystem may well be a subset of the DLT business ecosystem.
The latter includes actors such as service providers, regulators, trade associations and
other stakeholders that contribute to the product value. However, the added value that
they enjoy is not necessarily associated with the success of a specific product. For
instance, in a DLT business ecosystem a distributor contributes in the product success
through the transparency and traceability of his services. At the same time the added
value that he enjoys is not related with the success of a specific product. The same
applies for instance, for a hospital that participates in a health DLT business ecosystem.
The insurance company enjoys the synergistic benefits of the DLT business ecosystem,
that will be probably reflected on its product characteristics and may even have an
impact on its success but the hospital will enjoy the benefits of the same ecosystem

irrespective of the success of that insurance product. '
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2.2.6 DLT ecosystem is not an innovation ecosystem.

Innovation ecosystem concept was introduced in 2006 as an ecosystem of
interdependent innovations. The basic idea behind that is that a successful innovation
depends on the focal firm changes in its environment (Adner, 2006). Apart from the core
innovator, innovation ecosystem actors are also its upstream and downstream suppliers
and complementors. In that ecosystem its members flourish when all ecosystem
partners, not only the core innovator, make it to resolve their innovation challenges
(Tushman and Anderson, 1986, Christensen 1997). Dynamics of value creation in an
innovation ecosystem are determined by the magnitude and the location of innovation
challenges. Magnitude represents the degree of changes required to the current
problem-solving approach. Location, components, recognized as upstream, or
complementors, recognized as downstream, to the focal innovator partners, are seen as
the structure of technological interdependence that impact its ability to create value
(Adner and Kapoor, 2010).

Both in a DLT business and in an innovation ecosystem co-specialization,
bargaining power and relationships impact the value captured by the focal firm. In
addition to that in both ecosystem types upstream and downstream to focal partners
will co-evolve capabilities and adopt their innovation in alignment to the direction set
by the central or else dominant focal company. However, in DLT business ecosystem
the network effect created through high level of participation will be negatively
impacted by superficial collaboration, while in the innovation ecosystem the number of
external upstream or downstream innovation actors is not critical to the ecosystem
sustainability. In the innovation ecosystem the scope is all ecosystem actors to co-evolve
their diverse capabilities and not necessarily more actors to join the ecosystem. The
more diverse the nature of participants and resources required to formulate the
innovation ecosystem the higher the number of the actors in it but the large number of
ecosystem members is not a prerequisite for the innovation ecosystem sustainability. In
the innovation ecosystem the value chain position of an exchange partner relative to
the focal firm does not affect differently its ability to capture value. In the DLT business
ecosystem the customer demand side, that is absent in innovation ecosystem (Wright,
2012), weights differently the position of the exchange partner relative to the focal
firms ability to capture the value created. The customer demand side in the DLT

business ecosystem highlights the need for partner collaboration to create and deliver
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solutions that meet the full package of value to the customer (Moore, 1993). Absence of
customer demand side in innovation ecosystems stems from its focus on how ecosystem
development is achieved based on the innovation and how to make up and scale the

transformative impact. *

2.3 Why the business ecosystem type fits to DLT networks

The interactions between complex inter-firm networks structure a community that
in literature is approached as business ecosystem. Moore (1996), views business
ecosystem as the evolution from the extended enterprise concept. When organizations
adopt and interact through DLT, the inter-firm network interconnectedness shapes the
DLT business ecosystem. In that ecosystem customers, lead producers, competitors,
standard bodies, various associations, other stakeholders and interested parties are
mutually supported by DLT through their interaction. These actors that are by default
the business ecosystem actors emphasize the decentralized nature of the decision-
making (Moore, 1998). These actors seek the value generated from the positive sum of
relationships created through DLT powered collaborative interactions. This is the
business ecosystem scope as described by Moore but in our case it the DLT architecture
that defines its specific nature. DLT introduces a new way that cryptographically
validated data that users can t corrupt, are moved and stored in blocks. DLT mechanism
includes by default the concept of network, since it proposes a new way that data are
moved, accessed and stored in a decentralized way. In DLT inter-firm network, in
accordance with the decentralized decision-making basis of the business ecosystem,
decentralization is promised through transactions without the need of intermediaries.
DLT interactions are performed by loosely coupled independent organizations seeking
to leverage the DLT benefits in order improve their mutual effectiveness’’.

Benefits that lie in data sharing, data access, promotion of knowledge generation
through DLT mechanism, innovation and new business space creation. Analogous to
all ecosystem approaches, where mutual supportive actors collaborate to create value

that no single member could create itself (Adner, 2006, lansiti and Levien, 2004), DLT

interconnected actors create value for actors. In business ecosystem interdependent
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organizations feed-off, support and interact with one another in exchanging knowledge,
resources, products and services (Vidgen and Wang, 2006, Tsatsou et al., 2010). Similar
to that DLT transactions reinforce knowledge creation and enhance member
capabilities co-evolution. The way that data are accessed, the transparency and
visibility demonstrated offer the DLT network members the perspective to exploit data
and create new data driven knowledge. This knowledge, along with trust that DLT
member collaboration generates, reflects one aspect of the collectively produced value
in business ecosystems. Another vital characteristic of both DLT networks, ecosystems
and business ecosystems is the number of their members. The large number and the
variety of participants is fundamental in the ecosystem and business ecosystem
approach. The same applies in DLT networks, since high number of members does not
only contribute in network security but also promotes network sustainability, through
the respective network effects developed.

Collaboration, capabilities co-evolution, space for business opportunities and
business development within that space are four business ecosystem enablers as
described in literature (Korpela et al., 2013). In DLT networks potential participants
are incentivized by knowledge creation and the efficiencies that DLT brings. The power
of data driven decisions, the knowledge generated and the capabilities co-evolution
that the participation in a DLT driven network brings are basic elements that allow
innovation to prosper. In addition to innovation, synergies created with collaborations
allow organizations participating in the network to explore and identify space for new
business opportunities. We could therefore include the space and the business
development as DLT inter-firm network enablers, the same as in business ecosystems.

The roles of the keystone and the physical dominator are inherent to the business
ecosystem definition (Moore, 1993, Hauptman, 2003). Keystone actors are usually
referred as ecosystem leaders and aim for leadership by regulating the business
ecosystem. The physical dominator imposes his dominance with strategies and intends
to extract and keep the maximum value generated in the ecosystem for himself. There
is a profound analogy between the business ecosystem roles and the roles in an DLT
network as illustrated in Table 3, DLT networks emphasize the importance of the DLT
architecture as a factor that defines significantly the nature of the network and the

relationships that will be developed in it.
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Key characteristics of Business
Ecosystem

DLT Ecosystem analogy

Actor interconnectedness

Interconnection through DLT transactions

Decentralized nature of the decision-
making

Decentralized nature of DLT driven
decisions without the need of intermediaries

Value generated from the positive sum of
relationships

True collaboration to incentivize niche
participation and enhance positive network
effects

Networked perception

The decentralized nature of data exchange,
access and storage that is proposed by DLT
by default includes the networked perception

Interdependent organizations feed-off,
support and interact with one another in
exchanging knowledge, resources, products
and services

Actors create value for actors through
transparency, visibility, information
exchange and data access

Large number of actors

Network effect is critical for DLT ecosystem
security and viability

Roles of keystone, physical dominator,
value dominator and niche players

Roles of ecosystem dominant and non-
dominant/niche players

Network of organizations that share a key
technological platform

DLT is the technological connectors between
ecosystem actors

Table 3: DLT ecosystem analogy to business ecosystem perception (Papanikolaou, Angelis and
Moustakis; 2023. Which type of ecosystem for Distributed Ledger Technology?)

A network member, usually the one with the most dominant position in the network or
the one with the highest power over it partners, holds the role of the DLT network
regulator. He may not be the platform provider but has the power to impose the DLT
architecture characteristics, that will define the nature of the DLT network to be
formatted. The degree of data openness and the private or public nature of the DLT are

decisions of paramount importance that shape the DLT network.
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We summarize that inter-firm networks demonstrate the same fundamental
characteristics to the business ecosystem and that analogies between these two
structures lie in the core of their existence. Inherent DLT characteristics that form the
DLT inter-firm network demonstrate profound analogies to the business ecosystem
concept. Similarities and analogies between these two structures lie not in only in the
structure, the actors, the roles they hold, their relations and the health factors but also

in the essence of the scope of their formation."

2.4 Actors and roles in DLT Ecosystem

The actors within a business ecosystem can be classified in three categories that are,
the dominator, keystone and niche players (Iansiti and Levien, 2004; Shapiro and
Variahn, 2008). The dominator is able to control the maximum nodes within its network
and is in position to extract the value of the network without redistributing it. For an
ecosystem actor that holds either the role of the physical dominator, who imposes his
dominance with integration strategies, or the role of the value dominator, who is
interested only in extracting the maximum value and overlooks dominancy, the
common area is the intention it to keep the value for himself. Keystone actor
participates in value creation and share, plays a predominant role in the ecosystem and
aims for leadership by regulating it. Keystone players are usually referred as platform
leaders or ecosystem leaders (Moore, 1996; Cusumano and Gawer, 2002). The key to
their success is to provide the appropriate tools, technologies, processes and services
for ecosystem value creation. Their role is to ensure ecosystem sustainability through a
well functioned network and ecosystem actor retention. Niche players are those that
have a small role, or a small part of their activity is engaged in the value creation process
of the ecosystem. They are differentiated actors, utilize the tools provided by the
keystone players and contribute to ecosystem’s evolution and dynamics.

In DLT business ecosystem, the keystone player may not be the platform provider
but hold the role of the ecosystem regulator. Depending on the DLT architecture, the
platform provider may even be an actor other than those interested in the benefits of

value co-created in the ecosystem. For instance, a dApp provider or a DLT platform
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provider may well be interested in the value created in the network only to the point
that the platform remains viable and active for the ecosystem. In our study we
considered data management and data openness, as the crucial factors for DLT
ecosystem regulation. We argue that in DLT ecosystem there is no player that acts as a
dominator, as described under the business ecosystem concept, in terms of maintaining
the value created in the network for herself. Any such strategy would create a negative
network effect in the DLT ecosystem and on the top of that would foster superficial
versus deep collaboration among network actor. The latter that would obviously
negatively impact ecosystem’s sustainability.

We classify DLT ecosystem actors in two categories, the ecosystem dominant and
non-dominant players. Dominant players in terms of network relationship, power
dynamics, brand or financial strength are positioned at the center of the ecosystem and
initially set the rules of collaboration. We underline the rule setting and governance
traits of those actors the DLT ecosystem because as the ecosystem expands it may
happen that other actors, either individually or along with their own ecosystem, to
become part of the network. In that case and based on the dynamic feature of the
relationships in the DLT ecosystem, the number of dominant players can rise or put
simply, role changes might occur. Dominant actors in DLT ecosystem embody attributes
of both the dominant and keystone players, as described in business ecosystem
literature. The other group of DLT ecosystem actors are the niche players. These actors
exactly as conceptualized in business model literature symbolize the non-dominant

players.

2.5 DLT ecosystem sustainability

In this section we identify what are the factors that apply to DLT ecosystems and
define its health and sustainability. Robustness, productivity and niche creation, being
the critical business ecosystem success factors (Iansiti and Levien, 2004), find direct
application to DLT ecosystem. Robustness refers to the capability of the business
ecosystem to survive from major stresses, such as those that caused by the removal of
the dominant DLT ecosystem player or by a severe reduction of the niche players. In
DLT ecosystem the robustness trauma is directly related both to the impact of the

network effects, due to participant base shrink and to latency implications, due to the
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replacement of the dominant player. An antidote to those shocks is the increased actor
engagement that deepens relationships and reduces the chances that actors will leave
the ecosystem.

The degree of value and business growth created in DLT ecosystem reflect the
productivity success factor. When niche players either contribute with low value
creation or feel that they enjoy disproportional amount of the value created by the
network, are not incentivized to participate. Niche player participation is associated
with the scale up potential of the ecosystem and represents the second stage of the
ecosystem lifecycle (Peltoniemi and Vuori, 2008; Kaiser et al, 2021). The third stage of
the ecosystem life cycle, that is also related to the DLT ecosystem success, is the
ecosystem stability and profitability. Profitability is related to the ecosystem value
distributed to network members and especial to niche players. Stability is affected by
the orchestration and regulation of the ecosystem and impacts the loyalty of its members
(Jansen et al., 2009).

In DLT ecosystem it can become detrimental when the dominant player imposes too
confining regulations. This would enforce superficial versus deep collaboration
between niche players, in regard to their relationship with the dominant player. That
would have negative impact both on the opportunities created for the niche players and
on the ecosystem balance. Scalability and flexibility are considered as DLT business
ecosystem success factors, to the extent they contribute into brining in or linking
ecosystem members from a broad variety of industries. Aligned goal and activities bond
ecosystem participants to each other toward value creation (Senyo, Liu and Effah,
2019).  These bonds are reinforced though the DLT ecosystem member
interdependency, that by default condenses their interaction. Hence, we argue that
interdependency is an indicator of ecosystem health (Li, 2018). According to a report
by Boston Consulting Group (2019), the more the partners and the industries they come
from the better the ecosystem will fare. This conclusion is related to the expertise
brought in the ecosystem from other industries.

Moore (1993) notes that it is not the companies that compete but their respective
ecosystems. Interaction reinforces ecosystem member co-specialization (Li, 2018) and
that is a profound condition for DLT ecosystem sustainability. We argue that balance is
essential for ecosystem success and sustainability. Niche players participate when their
goals are in line with the benefits and the goals of other DLT ecosystem members. The

value creation mechanism should allow DLT ecosystem actors to capture the benefits
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they expect and keep participating in the value co-creation process. However, the
evolution of ecosystem dynamics indicates that ecosystem actor relationships change
over time. Although this evolution might lead to role changes, in a healthy ecosystem
it should not affect the ecosystem balance. In a business ecosystem actors’ success is a
prerequisite for an organization to achieve its goals. Irrespective of the “goal
equilibrium” achieved in the ecosystem it must incentivize all actors to stay in it.

A strong niche player base is a decisive factor for DLT ecosystem sustainability. Its
expansion contributes into the ecosystem survival and depends on the DLT scalability
and flexibility to attract its future members. Signs such as increased competition among
niche players or dominant player failure, for instance in the case of a financial crisis or
strategic reorientation, should be considered as warning messages for ecosystem health.
Dominant players usually lie in the center of ecosystem value creation mechanism and
their potential intention to leave the ecosystem will have a serious effect to the
ecosystem effects. These may vary from making the value creation mechanism obsolete
or even manipulate their relationships with ecosystem actors through the power of their

position and eventually undermine value created through deep collaboration.

2.6 DLT ecosystem dynamics

Ecosystem interdependent organizations feed-off, support and interact with each
other by exchanging knowledge, resources, products and services (Vidgen and Wang,
2006; Tsatsou, et al., 2010). These endogenous ecosystem forces power ecosystem
member co-evolution (Moore, 1993; Basole, 2009; Teece, 2007). Their relationship
may be competitive, cooperative or even result in co-opetition (Basole, 2009; Isckia
and Lescop, 2009; Watanabe et al., 2004). In business ecosystems, platform leaders
play a paramount role in dynamics change when all subsystems are connected in a
stable mode through the platform they provide (Li, 2009). Similar to that, in DLT
ecosystems DLT architecture is the mechanism that connects actors and subsystems but
neither the technology provider nor the nature of some actors, such as the validators,
play crucial role in dynamics change. It is the dominant ecosystem player that holds
this role. DLT architecture may or may not be provided by the dominant player and that
is not the critical point in DLT ecosystem relationship dynamics. It is the power and

attitude of the dominant player towards the ecosystem £ governance. Interdependency
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of heterogenous partners creates exchange dynamics, that by default transform actor
relationships (Lenkenhoff, et al., 2018).

This transformation will constantly alter business ecosystem relationships making
competitive, cooperative and co-opetitive relationships being simultaneously present in
it. Ecosystems survive because of the adaptability of entities and their interaction
(Boschma, 2015). Preservation of the dynamic attitude in DLT business ecosystem is
vital for its sustainability. Dominant DLT ecosystem players usually have strong power
over the niche players. The attitude of the dominant actors might lead niche players to
suffer from coordinated membership and affect deep collaboration. In addition to that
an ecosystem is not static, especially when its members co-evolve their behavior,
attitude, engagement, complementarity and even change roles. In a sustainable DLT
ecosystem, all members must seriously consider the strong possibility of the emergence
of any such dynamics to constantly adjust their behavior in a manner that will protect

ecosystem sustainability.

2.7 DLT ecosystem endogenous and exogenous forces of evolution

Ecosystems evolve subsequent to endogenous and exogenous forces (Makinen and
Dedehayir, 2012). Co-evolutionary process is a force internal to the DLT ecosystem.
Actor co-evolution is based on the knowledge and resource transfer, that occurs when
DLT actors interact with each other. Ecosystem members leverage DLT powered data
transfer and have the opportunity to create new knowledge, advance their capabilities
and achieve new level of trust. Evolution of one ecosystem member affects the
evolution of other actors and consequently feeds the value generation mechanism in the
DLT ecosystem. Actor co-evolution is associated with both competitive and cooperative
relationships (Agiza, et al., 1997). Meaning that both negative and positive interactions
trigger the development of capabilities and knowledge of interacting parties. In that
way ecosystem members either aim to improve their strategic position towards their
individual goal, in the case of competition, or develop capabilities in order to achieve
their common goal in a cooperative relationship.

DLT architecture is more that an endogenous factor, which defines DLT ecosystem
evolution. It is rather an inherent characteristic of the ecosystem, that lies in the heart
of its evolution as illustrated in Figure 4. The degree of ecosystem openness, along with

the objectives that DLT architectures try to meet, define the evolution of the ecosystem.
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It is not only the restrictions and benefits that are defined by DLT architecture but also
the interdependence and the need for connection between different ecosystems. DLT
architecture design reflects the ecosystem value creation scope and the expected actor
benefits. Apart from that we argue that interacting actors may belong to different
ecosystems and the modularity of each ecosystem architecture impacts evolution
acceleration. For instance, the need for off-chain data storage and its collaboration with
DLT, as well the interaction between different DLT ecosystems impacts ecosystem
evolution, since DLT architecture is the mechanism that connects the ecosystem
subsystems. Modular systems theory notes that high rates of evolution is related with
the degree of modularization because subsystems evolve independently (Makinen and
Dedehayir, 2012).

In business ecosystems, platform architecture is strongly related with platform
governance. However, in a DLT business ecosystem DLT governance is not an
endogenous factor of evolution. This is happening due to the distributed nature of DLT
and the respective ecosystem’s characteristic of the absence of central trusted
authorities and middlemen. The degree that one ecosystem member influences the
design rules and DLT architecture, is defined by its role in the ecosystem and the power
attitude that the keystone, or else the dominant DLT ecosystem, player demonstrates.
We argue that the co-evolutionary processes will still be in place irrespective what
attitude do the dominant players demonstrate. After all, this will affect the degree of the
evolution not the evolution reality.

Role change in is an endogenous factor of DLT ecosystem development.
Ecosystems are not static, they evolve and with them their members evolve their
capabilities, relationships and strategies. Role changes do not only reshape DLT
ecosystem dynamics but can fundamentally redefine ecosystem objectives. This is a
severe change that affects DLT ecosystem evolution. Although the value generation
mechanism might not change, actor relationships and consequently ecosystem
dynamics, nature of collaboration, participation incentives and value sharing analogies

will be affected.
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Figure 4: DLT business ecosystem endogenous and exogenous factors of evolution

External DLT ecosystem evolution factors are sourced by the ecosystem
environment. Changes in economic and social environment affect ecosystem
composition and orientation. Composition changes when actors join and leave the
ecosystem. That might happen either because either actors do not capture the expected
benefits or because their own strategic orientation alters their business priorities or
objectives and the current ecosystem does no longer meet them. The latter can also be
triggered by market changes in the broader economic environment. Therefore, it is not
only the objectives of the dominant ecosystem actors, that by default affect the DLT
ecosystem evolution, but also the incentives of the niche players that are being affected
by the external ecosystem environment and in turn have an impact on DLT ecosystem
evolution. One company might belong to several ecosystems and its contribution to the
evolution of the DLT ecosystem might be impacted by its relationship with entities
external to the ecosystem.

Technological change is an evolution factor to any ecosystem (Johannessen, Olaisen
and Olsen, 2001), let alone to the DLT ecosystem, where technology lies in the heart of
the value creation mechanism. Technological changes might take place either in the

DLT itself or in technologies related to connections and protocols that affect ecosystem
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communication and collaboration. If technological changes are related to applications
outside of the focal system, can provide an opportunity for DLT ecosystem expansion.
More actors could be engaged through their interaction with the DLT ecosystem even
if they do not belong in it.

Regulation is another factor of DLT ecosystem evolution. Regulatory bodies in
many industries recognize the potential of DLT and in some areas, such as financial
markets and commerce, the need of regulations seems to be imperative. Still, the
intersection between commercial and regulatory motives impact DLT ecosystem
evolution. The balance between enabling such an innovation and the risk of too much
regulation or the attitude of regulatory bodies against DLT innovation potential affects
radically the DLT ecosystem constitution. In that case multiple scenarios can emerge,
such as regulations to reduce the investment spent on innovation or those that want
regulation to accelerate innovation diffusions, since they enhance market stability,

customer protection, reduced counterparty risk and consolidation of trust.

2.8 Business model innovation for DLT adoption

Technology itself has no singe objective value. When it is commercialized in some
way by a business model then its economic value becomes apparent (Chesbrough,
2010). Although we will relate to business model literature, this study does not intend
to propose another business model definition. However, we will briefly refer to the
basic notions of business model definitions. In general, there is no accepted definition
of the term business model due to the inconsistent use of the term (El Sawy and Pereira,
2013). The lack of definition consistency is clearly presented by Zott, Raphael and
Massa (2011) and Morris, Schindehutte and Allen (2005) that reviewed 103 business
model publications and concluded that a business model has been referred as a
statement, a description, a representation, an architecture, a conceptual tool of model, a
structural template, a method, a framework, a pattern, a plan and as a set. Two key
business model studies of Chesbrough & Rosenbloom (2002) and Osterwalder et al.
(2004), recognize the value proposition, the customer market segment, the value chain,
the cost and profit structure, the strategic positioning of the firm in a value network and
the formulation of a competitive strategy as the major functionalities of the business
model (Chesbrough, and Rosenbloom, 2002; Osterwalder, Parent and Pigneur, 2004).

Despite the ongoing debate on the essence and purpose of the business model there is
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an increased consensus among authors that it represents the value logic of an
organization (Fielt, 2013; Osterwalder et al. 2005; Pateli and Giaglis, 2004; Wirtz, et
al. 2016). It is generally accepted that value proposition, value creation and value

capture are the fundamental pillars of any business model.

2.8.1 Business model and strategy

Despite the increasing involvement of authors with a strategy-oriented view, most
authors recognize the intersection between business model and strategy. The
intersection lies in the fact that business models bring together the internal perspective
of the firm, such as resources and routines, with the external perspective, such as
partners, markets and customer. In addition to that recent business model definitions
and approaches address the business network with focus on the roles, interactions and
relationships between network members (Fielt, 2013). In sum the business model
considers a holistic description of company’s activities in an aggregated form
(Osterwalder and Pigneur, 2010). It articulates how a company goes to the market to
implement a strategy. It is the link between the strategy and the operative
implementation (Osterwalder, et al. 2005; Dahan, et. al. 2010; Baden-Fuller and
Haefliger, 2013; Zott and Amit, 2010). A business model is a representation of the
strategic choices that characterize a business venture (Morris, Schindehutte and Allen,
2005). Additionally, a business model may have no comparison to existing businesses.
A business model answers the question of how the provided benefits of an opportunity
flow back into company into the form of revenue (Schallmo, 2013). It does not assess
the attractiveness of the opportunity.

We adopt the ecosystem perspective for the business model that organizations need
to consider when they participate in the DLT ecosystem. Papanikolaou. Angelis and
Moustakis (2023), critically examine three business model types that demonstrate
similarities with the business model that an organization needs to adopt in order to fit
in the DLT ecosystem characteristics and explored the main attributes, similarities and
differences between each one of the network, digital and information business model
types against the DLT business model. Researchers concluded that although each one

of those types demonstrates some resemblance with the DLT business model there are
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critical parameters that are not addressed or are partially met. Comparison results are
depicted in Table 4.°

In alignment to the most influential business model definitions of other authors,
value creation, value proposition and value capture are the most commonly accepted
dimensions. (Chesbrough, 2006; Osterwalder and Pigneur, 2010; Johnson,2010).
Furthermore, there is the need to include the value network dimension in our study, due
to the inherent characteristics of DLT and the fact that supply chain collaboration is a
key driver for improved overall performance. Under that perception in our research,
we adopt the Velu (2018) 4Vs approach that adds the value network dimension on the
top of, the dominant in literature, value proposition, value creation and value capture
business model dimensions. '” Value network dimension depicts the role of the focal
company and its partners in the networked environment. That approach emphasizes
actor relationships and complementarities at network level and how do they contribute
into enabling the transfer of technology’s core technical properties to benefits for
customer via markets. Gassman et al (2013) employ a conceptualization of 4 central
dimensions found in almost all business model generic studies. That are: Who is the
customer? What is offered to the customer or else what is the Value proposition? How
is the value proposition created or else how is the value chain being built? Why is the
business model financially viable or else how is the revenue created ? The latter is

described as Value dimension by Gassman et al (2013).

16 Papanikolaou, E., Angelis, J. and Moustakis, V. 2023.Unique or adjustable business model for DLT?
Journal of Business Models, Vol 11, https://doi.org/10.54337/jbm.v11i1.7149

17 papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT adoption.
Procedia CIRP, Vol 103, p 298-304, https://10.1016/j.procir.2021.10.048
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Business model types relative to DLT Business Model attributes that
DLT ecosystem and their main attributes differ
Coordinated cooperation between | DLT ecosystem actor relationships
a finite set of parties that promote | can be cooperative, competitive
long-term strategic cooperation and/or co-opetitive
Network Value creation in organization’s DLT ecosystem expands beyond the
Business . . strategic business net of each one of
strategic business net .
Model its members
. . . Information access is a value
The scope is to gain or sustain S
o generator but the objective is not
competitive advantage through : . .
. . necessarily to gain competitive
information access or technology
advantage
. DLT architecture sets the boundaries
Platform organizes the wealth . o
. - of value creating activities but does
creating activities .
not organize them
Customer, value, partner and . .
. L . P . Value creating system is affected by
financial dimensions are imposed . . .
. the platform but is not relied on it
by platform characteristics
Enterprises compete digitally with .
. P P grraty . DLT actors do not necessarily
their content, customer experience .
.. o compete on any of these traits.
Digital and digitized platforms
Business
Model Only the platform provider in the DLT
ecosystem may fall into one of those
Supplier, omnichannel, modular categories without the need of
producer and ecosystem driver are | “know-your-customer” perception
the business model categories
based on a “know-your-customer” | Transaction validator actors perform
perception a specific role that is not related to
the platform provider business model
Role of complementors to digital There is not any such equivalent role
or platform ecosystems in the DLT ecosystem
Interconnectedness and
. interdependency is supported and
Information . . S P . Y .pp
Business Explains how information is powered by information system
Model collected stored and delivered integration but value capture,
internally and externally creation and delivery is only partially
defined by the architecture.

Table 4: Comparison of DLT business model attributes with other business models

(Papanikolaou, Angelis and Moustakis. 2023. Unique or adjustable business model for DLT?)

pg. 73




2.8.2 What drives DLT business model innovation

There is a lot of debate in literature around the business model transformation
notions such as innovation, change and reinvention. The debate is mainly related to the
approach adopted around the definition and the purpose of business model definition.
The consensus about the dynamic nature of the business model is what actually blurs
the lines between those three business model transformation notions. Business model
reinvention is related with new sources of sustainable competitive advantage that are
caused by disruptive innovation (Voelpel, et al., 2004). When non-trivial changes of at
least two business model elements are implemented, we usually talk about business
model change. In addition to that, when novel configurations of resources and
transactions are implemented to create new markets or serve current markets, then we
talk about business model innovation (Bock, A.J. and Gerard G. 2018). Business model
innovation is also associated with the capability to commercialize new ideas and
technologies or to depict the variations on a generic value chain (Magretta, 2002;
Chesbrough, 2010). In any case, DLT brings fundamental changes in the way that value
is exchanged, the way the transactions that are executed among ecosystem actors, that
way that ecosystems interact, the relationships among ecosystem actors and the way
that resources and capabilities change based on capture of new knowledge.

DLT is an innovation based on digital technology that drives value creation and
capture mainly through its innovative transactional proposal on value object exchange.
Seeing DLT architecture as a network organizational factor we can assume that it sets
the growth perspectives and potentially and boundaries of the network. Consequently,
we could assume that digital business models emphasize the technological aspect or the
innovation as an input for value creation, value capture and value proposition. The
networked and the ecosystem perspective of DLT is related to the inherent
characteristics of technology. Collaboration between actors and the fact the
interconnected actors create value for actors, as defined by Moore (1993) as the central
idea in business ecosystems notably defines the ecosystem nature of the DLT business

model.

2.9 Trust in DLT interconnected supply chain
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Although supply chain efficiency is key factor of any high performed business, in
manufacturing industry that factor is highly critical. In manufacturing companies
supply chain management affects the way that manufacturers interact with their
suppliers and customers, impacts the production process inputs needed and to a large
extend defines organization’s costs and profitability (Al-Shboul, et al 2017; Lawrence,
2011). Demanding customers and complication of products require several stakeholders
not only to transact with manufacturer’s supply chain but also to collaborate effectively
and efficiently. It is rare that one company is responsible for the entire
conceptualization, engineering and manufacturing of a particular product (Ulrich and
Eppinger, 2003). Consequently, with so many actors involved and given the
complication of the products manufactured, the significance of supply chain
management for manufacturing companies becomes apparent. The intricacy of
manufactured products, the need for synchronization among all interacting parties, the
complexity of the production processes increases supply chain reliance on technology.

In DLT network, peer-to-peer transactions among its members are the driving force
of the value collectively created by its members. Due to the inherent characteristics of
DLT, actors create value for actors. Under a supply chain context, manufacturers
exchange tangible and intangible value assets through DLT transactions with their
direct and indirect direct partners. That is also the case among actor members that lie
beyond their core business and extended enterprise level of the ecosystem they are
involved (Moore, 1993). Information, data, knowledge exchange as well as monetary,
service and goods transactions powered by DLT, involve manufacturer’s interactions
with potentially all its end-to-end external entities interconnected to its supply chain.
Decentralization, immutability, increased supply chain visibility and transparency
promised by DLT adoption, under a supply chain context (Ferreira, J. et al. 2019), set
the basis for many forms of value creation for each individual network member. Trusted
and previous unknown actors co-evolve capabilities and have the opportunity to
collaborate, deliver goods and services more efficiently due to the benefits promised by
the new types of transactions. Similar to the business ecosystem set up, DLT actors
create value for actors, while at the same time they maintain their roles in the ecosystem
and their loose interconnection. The business ecosystem approach that needs be
conceptualized for a DLT network of interacting actors is also supported by the fact that

in both formats the large number of interconnected participants and their
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interdependence for their mutual survival are among their foremost key characteristics
(Iansiti and Levien, 2004).

Trust should be recognized not only as the outcome but also as the driver for DLT
adoption. The former is validated by the fact that unknown to each other ecosystem
actors, with no establish relationship, have the opportunity to collaborate with a high
degree of confidence that opportunistic behavior is prevented (Angelis and Ribeiro da
Silva., 2019). Data openness, transparency and visibility promised by the nature of DLT
transactions, allow organizations to establish trusted relationships. Direct evidence, or
else direct trust as mentioned in trust literature (Marsh, 1994), is supported by the
decentralized way that data are kept, shared and accessed, without the need of any
intermediaries to validate their trustworthiness. Based on one of the most cited model
of trust in organizations (Mayer, Davis and Schoorman, 1995), we recognize
competence and integrity as the key trust dimensions. Those dimensions can be under
mutual and continuous assessment and evaluation by all interacting, parties, since DLT
provides the necessary data visibility and transparency required. However, trust is also
the key driver for DLT adoption. In a highly dynamic environment, relationships among
actors are subject to change between competitive, co-opetitive and cooperative forms
of relationships. On the top of that, these behavioral shapes among ecosystem actors

coexist in the ecosystem.

2.10 Trust in Make-To-Order in-house supply chain operations

Literature recognizes trust and an important antecedent of inter-organizational
network formation that affects productivity, supply chain collaboration and
consequently affects firm performance positively (OECD, 2014; Lusch, 2011). When
low level of trust among interacting parties is demonstrated then DLT is an ideal option
to fill this gap. Without diving deep into the theory of trust, it is worth mentioning that
the core essence of trust under a supply chain context lies in the relationships and data
exchange aspect.

Literature recognizes trust as a key factor in developing supplier-customer
relationships, while the fact that trust is recognized as necessary for collaborative
relationships underlines its importance for smooth collaboration among organizations
in-house supply chain interacting entities (Sahay,.2003; Uca, et al. 2017). Customer and

supplier need a shared view of the actual supply situation and that resonates trust as a
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prerequisite for cross-organization collaboration at supply level through data exchange,
data openness and visibility. However, this is also the case that supply chain efficiency
focuses on collaboration of entities and departments internal to the company. In both
cases, trust comes with transparent processes. Operational and strategic information
exchange is significantly related to supply chain performance. Best-in class internal
supply chain competencies require organizations to develop and adopt more structured
collaboration models by enabling true data transparency (Ramayah and Roaimah, 2010;
Hu and Monahan, 2015).

The Make to order (MTO) manufacturing process is initiated only after a customer
order is received. In literature various MTO models are presented, mainly based on
when the production starts in relation to the demand visibility e.g., assembly kick off,
design development or initiated with material receipt (Mingzhen, 2021). For the
purposes of this study under the MTO context we will consider that the basic design is
available when an order is placed and at that point the production is initiated yet from
the material receipt. In the MTO supply chain the customization needed, in terms of
end product specifications due to product mix variations, makes the Order Penetration
Point (OPP) to be positioned at the raw material level. However, due to our assumption
of design availability when orders are visible, we exclude the supply chains that design
processes take place downstream to the OPP. In literature the there are various
approaches regarding the order penetration and the decoupling point (Mason-Jones and
Towill, 1997; Burbidge, 1989). The latter is the point at which actual demand, in the
form of a customer order that triggers purchase order, penetrates upstream the supply
chain. The OPP is mainly seen as the point that actual demand is visible.

It is worth mentioning that material and information flow are the key attributes
which formulate the principles of a hybrid supply chain. Another dominant approach in
literature supports that there is not one but of two decoupling points, which are the
material and information decoupling points (Christopher and Towill, 2000). The first is
indicative of the inventory buffer point and is usually related with postponement
manufacturing strategies. The latter is supported by the information-enriched supply
chain concepts, that position it at the point where actual demand information is visible.
In our case study there is no late configuration strategy adopted and we will consider
that there is one decoupling point which is the same to the OOP. It indicates the point
where demand is visible, the raw material order is triggered and consequently coincide

with the point at which buffer inventory should be kept. OPP positioning indicates the

pg. 77



degree of customization and defines the manufacturing strategy and the product routing
on the shop floor (Spring and Dalrymple, 2000; Hendry, Kingsman and Amaro,2003).
MTO indicates a degree of customization that, based on a dominant literature approach,
is classified according to the production volume and the product variety in two main
categories, the Repeat Business Customizers (RBC), such as the home appliance
industry companies and Versatile Manufacturing Companies (VMC) (Amaro, Hendry
and Kingsman, 1999). The difference is that the latter customize products not on a
continuous basis with some predictability but in smaller batches with more complex
PPC solutions required, due to high level of product variety and demand variability.

In that part of our study, we focus into the supply chain operations that take place
internal to the company. Apart from the in-house logistics operations, which include the
handling of material and products within own organization including the functions of
assembly and maintenance, under the in-house supply chain context we encompass all
the manufacturing and in-house production related activities. Apart from critical supply
chain processes, such as inventory control, quality control, inbound receipt and
procurement, we will particularly focus into the (PPC) activities. PPC lies in the heart
of our research, since it is the heart of the in-house supply chain value adding activities
in a manufacturing company (Bandyopadhyay, 2019). PPC embraces planning material
requirements, demand management, capacity planning, scheduling and sequencing of
jobs and intends to reduce Work in Progress (WIP), minimize Shop Floor Throughput
Times (SFTT) and lead times, lower stockholding costs, improve responsiveness to
changes in demand, and improve Delivery Date (DD) adherence (Stevenson, Hendry
and Kingsman, 2005). The diversity of manufacturing environment characteristics and
in particular at the shop floor configuration level, the customization promised are
determining factors of PPC configuration and applicability (Soman, et al., 2004).

Although literature proposed various shop floor configurations, which are
differentiated based on the direction of the material flow, in our case study we will
consider the General Flow Shop (GFS). Under that context, although flow shop
demonstrates a multidirectional routing, work still travels in one dominant direction
and jobs are allowed to visit a subset of work centers, permitting limited customization,
relevant to a RBC (Stevenson, Hendry and Kingsman, 2005; Kan, 1976). All PPC
approaches proposed in literature can be effective under the right job shop conditions.
Since there cannot be an one-size-fits-all PPC approach, that will guarantee supply

chain efficiency we consult the literature that defines job shop configuration and
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company size as the key determinants for PPC options (Stevenson, Hendry and

Kingsman, 2005; Plenert, 1999). We will therefore particularly consider the Work Load
Control (WLC), Constant Work In Process CONWIP, Enterprise Resource Planning

(ERP) with special attention to Material Resource Planning (MRP) / Manufacturing

Resource Planning MRP I1, Paired Cell Overlapping Loops of Cards with Authorization

(POLCA), Theory of Constraints (TOC), which are proposed in literature as the key

PPC alternatives for the MTO sector under the constraints of GFS and RBC as

illustrated in Figure 5. Through our case study approach, we expect to meet most of

those approaches and evaluate the degree to which they are adopted, wondering if and

how they leave space for DLT adoption.
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Figure 5: System selection matrix presenting PPC alternatives for the MTO (Stevenson,

Hendry and Kingsman, 2005)
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3. Methodology

To investigate both our research questions, that evolve around why and how
questions which will reveal explanations of real-life key events, we selected inductive,
interpretive, qualitative case study method, based on Eisenhardt (1989) and Yin (1994)
approach. Our inductive approach driven by the little knowledge on the researched topic
is based on the tactic of figuring out patterns that emerge from the concepts captured,
organize them in 1st and 2nd order concepts and based on the aggregate dimensions
that are distilled from the 2nd order concepts end up designing the process models that
answers our main research questions’ (mRQI1, mRQ2)insights (Gioia, Corley and
Hamilton, 2013). Giving voice to top-ranking (elite) informants in decision making
roles, that hold extensive and exclusive knowledge has been central in the interview
process which has been the main source of evidence of our study (Richards, 1996;
Vaughan, 2013). In addition to that the approach of admitting semi-ignorance of the
literature at the data gathering and the initial data analysis phase, fulfills the two key
conditions that lead to qualitative rigor in inductive research (Eisenhardt, 2021).
Moreover, qualitative research rigor is demonstrated through the graphic representation
of data structure configuration (Pratt, 2008; Tracy, 2010).

Yet from the identification of Ist order concepts the forced ‘stepping-up’ in
abstractness has been driven by capturing the interpretations of the elite informants’
insight. Although the ‘semi-ignorance’of the literature allowed the researchers to avoid
prior hypothesis and conformation bias we needed to set the boundaries conditions of
the research that allowed us to focus on the most important issues and avoid excessive
detours to lesser misinterpretation of informants’ insights.'® Although we defined a
broad and loose framework in the interview process, we preserved flexibility to adjust
interview protocol based on informant responses. In that way we ensured that we will
not unintentionally fall into the trap to consult the literature too much or insist on a tight
interview framework and consequently risk a transition from an ‘inductive’ to a form
of ‘abductive’ research (Alvesson and Karreman, 2007).

As proposed in literature, the approach followed has a dual scope. To achieve

enhanced analysis quality (Robert, 2018) and meet the necessary ‘boundary condition’

18 papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT adoption.
Procedia CIRP, Vol 103, p 298-304, https://10.1016/j.procir.2021.10.048
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for theory building based on qualitative research (Eisenhardt, 2021). To make this
possible, authors recognized the risk that stemmed from the complexity and the expected
limited or possibly skewed knowledge of the informants on the DLT under a supply
chain concept. In the interview protocols, although researchers avoided to structure
tight preconditions that would pre-empt or guide the 1st concepts captured, defined a
broad and loose framework of interview variables that are directly related with DLT
adoption. That are the notions of trust, as described based on the mode of trust in
organization presented by Mayer et al (1995), data openness, business ecosystem
expansion and actor relationship dynamics.”’

DLT implementation enhances trust but finds ground for development in the case
of low level or when decentralization is required (Lee and Pilkington, 2017). Although
visibility of unique identifiers and related transactional histories raises privacy concerns
(Beck, Miiller-Bloch and King, 2018; Behme, et al. 2015), along with supply chain data
and process transparency are the key elements for supply chain efficiency. Gaps in
visibility and transparency could be overcome with solutions, such as DLT, or
management and organizational best practices. However, when trust among interacting
parties triggers the need for higher visibility and transparency, then we acknowledge
them to be the major drivers for DLT adoption (Riickeshéduser, N. 2017). That is why,
we direct our research both through the informant interviews and other sources of
information, such as company documents, press releases etc., towards revealing trust
issues, relationship and power attitudes of internal and external to the company entities

which constitute the in-house supply chain mechanism.

3.1 Empirical setting

3.1.1 Multiple case study research for mRQ1 “What are the implicit effects
in business model that stem from DLT adoption?”

To answer mRQ1, meaning “What are the implicit effects in business model that
stem from DLT adoption” we adopted an inductive, interpretive, qualitative multiple
case study method, Evidence derived from multiple cases are often considered more

compelling and the overall multiple-case study is therefore regarded as being more

19 papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT adoption.
Procedia CIRP, Vol 103, p 298-304, https://10.1016/j.procir.2021.10.048
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robust (Herriott and Firestone, 1983). To aim our understanding into what are the
implicit effects of DLT to business model for manufacturing companies, we opted for
a qualitative study. We adopted a process model building approach through a pattern
matching analytical approach using constant comparison between the theory and data
(Glaser and Strauss, 1967) and replication logic (Robert, 2018). Following the
Eisenhardt method, to create a close fit among the constructs and relationships revealed
in data and the supportive theory we examined each case as a standalone observation
iterating the theory and data comparison for each case. In that way we followed the
qualitative rigor path of theory building from multi case designs, as described in
literature (Eisenhardt, 2021), where a replication and not a sampling multi case study
logic needs to be met.

Although over the last years DLT receives significant attention due to its promise
to change the way that organizations interact, exchange information and create value,
it is still a technology in its primitive stage of development. Manufacturers are mainly
at the phase of exploring DLT, mainly through proof of concepts and vast adoption is
still not the case due to technology barriers. That leaves scholars with limited insight
on DLT effects on business model and that is one of the reasons that the respective
extant literature has paid little to no attention on that area. This status, based on
literature (Eisenhardt, 2021), provides a fertile opportunity and sets the foremost theory
building criterion based on qualitative research method. In our study we seek to explore
the business model indirect effects based on the key attributes attached to the
organization and the respective manufacturer’s ecosystem through DLT adoption. Our
little knowledge on that topic led us to pursue an inductive approach to identify the
business model effects stemmed by the notions of trust, business ecosystem expansion
and the respective relationships dynamics that are inextricably and foremost directly
related to DLT adoption by a manufacturing company at supply chain level.

To emphasize and adjust the interview variables to the supply chain context of a
manufacturing company researchers considered the segmentation of inbound, outbound
supply chain partners, the customers and the rest ecosystem actors as the interview
dimensions that need to guide the impact of DLT adoption exploration. To avoid an
unintentional transition from an ‘inductive’ to a form of ‘abductive’ research and in
order not to insist too much on a tight interview framework researchers followed the
best practice, as recommended in literature (Alvesson and Karreman, 2007), to adjust

the interview protocol based on informant resources.
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3.1.2 Single case study research for mRQ2 “How DLT adoption causations at
in-house supply chain level impact organization’s business model?”” and subRQ2.1
“To what extent could DLT adoption impact manufacturing leanness?’

To answer the second research question (mRQ2) of “How DLT adoption causations
at in-house supply chain level impact organization’s business model?”, an inductive,
interpretive, qualitative case study was selected, allowing aspects and factors derived
from real life cases to drive our findings (Yin, 1994; Eisenhardt, 1989). DLT is in its
primitive stage of development. Its adoption in manufacturing companies and in
particularly at in-house supply chain operations has been a rare case. In the cases
implemented has been mainly adopted under a proof-of-concept context, mainly for
experimental purposes. Consequently, this gives us little to no knowledge on the need
for DLT adoption at in-house supply chain level. On the top of that extant literature
provides limited insight into the evaluation of DT at in-house supply chain level and its
respective impact on the business model. Because we know little about that topic we
selected to pursue our research inductively following a qualitative interpretive
approach. Our scope is not only to surface new concepts but also to design the process
model that answers our research question (Gioia and Pitre, 1990).

In the inductive approach followed it is essential to follow a tactic that captures
emergent concepts which are new or produce new insights (Gioia, Corley and
Hamilton, 2013). By capturing emergent concepts, figuring out patterns and organizing
them into 1 and 2™ order concepts we end up revealing the aggregated dimensions that
provide us the data structure basis to proceed further into process model development.
We set up the framework of the semi-structured interviews in a way that we started by
investigating the in-house supply chain causation and variables of trust and
disintermediation in terms of information at in-house supply chain level issues among
interacting parties.

This part of our research is based on a global home appliance original equipment
manufacturer, hereafter called HA-OEM. Based on literature, we can generalize from a
case study as long as principles generated by the case demonstrate an obvious relevance
to some other domain (Gioia, Corley and Hamilton, 2013). Our research intent, through
an inductive case, is to generalize to theory (Bansal and Corley, 2011), extracting

transferable concepts and principles allow our findings to address a larger audience
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(Lincoln and Guba, 1985). The selected manufacturer had to fulfill some basic selection
criteria. Those criteria are related with supply chain efficiency and would indicate that
the organization operates a high performing in-house supply chain and therefore applies
in-house supply chain best practices and methods, proved through the respective Key
Performance Indicators (KPIs) as well as high end supply chain strategies supported by
high information system integration.

Our focus into the case study selection criteria stems from the need to make sure
that the organization has taken all actions to resolve all potential issues relevant to the
causation of DLT implementation. Although this may sound paradoxical, it reveals the
grounded assumption that an organization that operates a high end, efficient in-house
supply chain has resolved or at least has a mechanism to deal effectively and efficiently
against all obvious in-house supply chain anomalies, that someone could claim to lay
the ground for DLT adoption. In any other case, we could have been misled to falsely
recognize as DLT in-house supply chain adoption drivers some indications, issues and
challenges that could have well been met with classical supply chain practices, methods
and strategies if applied. Simply put, to answer our research question (mRQ2) and
generalize our findings we need to look into an organization that its key informants and
researchers would agree into the conclusion that: “The organization operates at the high
end and applies efficiently and effectively cutting-edge in-house supply chain best
practices and strategies to deal with supply chain abnormalities, achieve continuous
improvement and maintain supply chain performance high standards. However,
specific causations might justify DLT adoption at in house supply chain level.”

For the case study researched, attention had been given to organization’s supply
chain subunits or departments that interact with the in-house supply chain operations.
Apart from the typical in-house supply chain and logistics operations such as PPC,
inventory receipt and planning, logistics management and communication, we included
data from departments and operations that intersect and affect in-house supply chain
operational efficiency. By involving units of analysis at more than one level we
designed an embedded case study (Robert, 2018; Gaya et al. 2016). Researchers’
intention was to capture all aspects that impact in-house supply chain operation and
would resonate DLT adoption. The selected manufacturer’s embedded subunits, such
as procurement, maintenance, machinery, quality control and engineering departments

were picked based on their impact on supply chain operations. The latter has been
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investigated through an evolving interview process with manufacturer’s elite
informants.

To answer subRQ2.1, meaning “To what extend could DLT adoption impact
manufacturing leanness?”, researchers followed a mixed method approach comprised.
This is composed of the exploratory qualitative inductive method, that generated the
results of the mRQ2 and the participatory method that uses that results to further apply
a scenario of DLT under the same case studied and quantify the potential leanness
improvement measuring the total throughput time (TT). Mixed methods are suitable
for researchers to combine qualitative and quantitative methods of data collection in a
single study (Creswell,1999; Timans, Wouters, Heilbron; 2019). In our case qualitative
indictive research, that had been used to answer mRQ?2, allow us to understand DLT
adoption causations under an in-house manufacturing supply chain context. Based on
that findings we will further adopt participatory methods to generate the scenario that
will eventually answer subRQ?2.1. explaining the phenomena through numbers.
Participatory methods include the involvement of external scientist stakeholders in the
scenario development process. The value of a participatory methods lies in the fact that
they allow integration of different types of knowledge and perspectives to improve
scenario development (Ernst et al, 2018). The need to combine researchers’ knowledge
on DLT with ‘HA-OEM’s’ elite informants’ insight on organization’s manufacturing
process makes participatory methods the ideal option to develop the scenario of DLT in
terms of its impact on organization’s manufacturing leanness. Scenarios are neither
predictions nor forecasts (Brewer, 2007) and thus claim to describe but not accurately
predict the future state (Ernst et al, 2018). Scenario planning is about defining a
different reality, understand diverse paths and measure how the respective environment
will change (Meissner and Wulf, 2013). In our case under the assumption that DLT will
be adopted at in-house supply chain and no other lean technique, such load leveling,
material supermarket (S/M), Kanban post etc., will be applied and under the conditions
of unchanged production volume plan and unchanged PPC schedule, and we opt to
measure if and how much manufacturing leanness will be affected, thus answering
subRQ2.1.

Productivity, quality, work-in-progress inventory (WIP), floor space use and
throughput time are the most commonly used shop floor metrics for an organization to
measure its manufacturing leanness (Ortiz, 2007; Womack and Daniel, 2010). Most

improvements of significance in manufacturing operations have involved substantial
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reductions in production cycle times and throughput times (Plossl,1988). Throughput
time is a time it takes a product to flow down the assembly and manufacturing process
(Ortiz, 2007) Moreover, based on literature, WIP inventory is a key determinant of
manufacturer’s throughput time (Hemalatha, Sankaranarayanasamy and Durairaaj,
2021; Crandall and Burwell, 1993). Based on Little’s law WIP inventory equals
Throughput-Rate multiplied by the TT (Spearman and Hopp, 1998). Therefore, by
improving WIP inventory levels manufacturers achieve better throughput time. Since
WIP and throughput time are not only key manufacturing metrics but also closely
associated we will focus our research efforts into elaborating on mRQ?2 findings and
measure total throughput change through the reduction of WIP after assuming DLT

adoption under the same single case study as in mRQ2.

3.1.3 Case study selection criteria for mRQ2 and subRQ2.1

Given the fact that the embedded subunits need to be within or part of the original
single-case (Robert, 2018) and to increase case study validity and transparency we
expanded our research into 4 out of the more than 20 production plants of the HA-OEM
organization, selected based on specific criteria. Those were that all 4 plants needed to
demonstrate similar production volume, manufacture the same group of products and
be top PPC performers based on the HA-OEM group annual PPC annual evaluation. In
that way we elevate research transparency, based on the fact that all HA-OEM group
production plants follow the same production strategies principles, supply chain
strategies and PPC system. Consequently, plants with same in-house supply chain,
production volume and product characteristics would allow through the application of
the same semi-structured interview protocols the replication of the study and reveal data
patterns.

Based on literature, single case study is an appropriate design when the case meets
specific requirements such as representing an extreme or an unusual case (Bohme, et
al, 2015). Under a MTO manufacturing context, we recognize five prerequisites for an
organization to be an ideal candidate for a single case study research. That are: (1) to
demonstrate top-notch in-house supply chain in terms of effectiveness and efficiency,
(2) high information systems integration (3) be a large organization, (4) the absence of
late configuration manufacturing strategy and (5) to belong in the lowest possible level

of industry’s regulation. If all five conditions are met, would justify the ‘unusual’
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attribute of a single case rational. The first and second characteristic is necessary in
order to avoid our research to identify as in-house supply DLT adoption drivers, supply
chain inefficiencies that could have been dealt with the implementation of the
appropriate supply chain strategies and manufacturing best practices. In short, the more
efficient and high-end the in-house supply operation is, the more obvious the DLT
adoption drivers will be. Our intention is to generalize our findings based on the
assumption that, ideally, all possible in-house supply chain related deviations are solved
without the need of DLT adoption. Studying a MTO organization with a top performing
supply chain which applies effective and efficiently, high end supply chain techniques
and strategies we are more confident that the identified in-house supply DLT adoption
drivers will not overlap with any effective solution or workaround proposed by extant
supply chain best practices and strategies. High information system integration that
supports supply chain operations and strategy ensures that ensures information flow
flaws due to system inefficiencies We will further elaborate in the following chapter
how HA-OEM meets this single case study selection criterion.

Research question have been selected to be investigated through a case study of a
large organization instead of a SME. Based on literature, SMEs find it difficult to
implement most of the strategies of SCM applied in large enterprises (LE), either due
to lack of understanding, implementation feasibility and awareness or because those are
just not suitable and implementable (Ramakrishna, 2016).Someone could argue that
supply chain challenges are largely the same for all businesses, big and small and that
results driven from case study based on a LE cannot be generalized to SME. SMEs deal
with less complex supply chains and those enterprises might feel more confident about
the trust level among their in-house supply chain entities, the visibility and transparency
of data exchange and transactions, due to the shorter supply chain depth and length.
However, looking into the in-house supply chain of a LE we expect to discover a wider
spectrum of cutting-edge supply chain strategies and methodologies supported by more
up-to-date technological developments (Wook, 2006). This approach is expected to lead
our inductive research to reveal 1% order concepts, that will not include in-house supply
chain DLT adoption drivers which might coincide with challenges addressed by the
extant supply chain strategies and methodologies. However, we acknowledge that we
cannot completely generalize results driven by a LE case study analysis to SMEs, since
minor supply chain irritations for big businesses, can be gigantic hurdles for SMEs that

struggle to surmount and not vice versa (Huin, Luong and Abhary, 2002). In short, our
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research findings could be generalized to a large extend to SMEs, since we do not
expect SMEs, compared to LEs, to reveal more complex supply chain challenges that
could have been holistically addressed by high end manufacturing supply chain
strategies and methodologies. HA-OEM is one of the leading companies in the sector,
ranked among the top nine (9) home appliance manufacturers rated by revenue (Statista,
2019). Operates more than twenty (20) production units around the world with revenues
of over five (5) billion US dollars ,in a multi-billion dollar industry with global sales
amounting to more than 270 billion euros in 2019 (Statista, 2023). HA-OEM
employees over 20.000 employees and obviously lies in the LE category based on the
E.U. criteria that determine the company size (European Commission. 2003).

Late configuration, or else postponement, manufacturing strategy would be a high
supporter of DLT adoption at in-house supply chain level. Researching the drivers of
the in-house supply chain adoption we focus into the internal to the organization supply
chain entities’ interactions and the intersection of those entities with actors external to
the company. In the case where postponement strategies are applied, the point that
actual demand is visible, or else the order penetration point would severely impact the
inventory kept at the decoupling point and the internal manufacturing operations
downstream to that point (Christopher and Towill, 2000; Mason-Jones and Towill,
1997). Trusted information exchange, data visibility and transparency between internal
and external to the company entities and external would make DLT adoption an ideal
candidate for supply chain efficiency. For instance, trusted data access and exchange,
through DLT adoption, among PPC department, at in-house supply chain level that
receive the market data and marketplace entities that transmit it, would make DLT an
idea solution or operational efficiency. Hence, we do not select an organization that
applies manufacturing postponement strategies, since we do not want to research the
case of a situation with an obvious DLT in house supply chain adoption causation. HA-
OEM does not apply any late configuration manufacturing strategies.

The later justifies the researchers’ judgment not to select for case study research an
organization from a highly regulated industry. In regulated industries supply chain
visibility on trusted data is vital. On the top of that there is a requisite level of visibility
that need to be met (Kliiber and O'Keefe, 2013). The fact that government or industry
regulators require additional trusted supply chain related information and on the ground
that in-house supply chain DLT adoption ensures real time visibility of tamperproof

data, provides a strong causation for DLT adoption in highly regulated industries. Based
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on reports home appliance manufacturing industry is not among the 10 most regulated
industries both in E.U. and U.S.A (McLaughlin-Sherouse, 2014; Al-Ubaydli and
McLaughlin, 2014).

3.1.4 How does the case study selected for mRQ2 and subRQ2.1 meets the
selection criteria.

In house supply chain KPIs related to productivity, quality, inventory, PPC
consistency and other PPC related KPIs have been found to be maintained at high levels
for at least 3 consequent years in all 4 production plants that were included in our
research. We focused to those KPIs that constitute a group of KPIs which are considered
by literature as the most prevalent MTO in house supply chain family of metrics
(Stevenson, Hendry and Kingsman, 2005; Gopal and Thakkar, 2012). The fact that most
interviewees at all managerial levels reported high level of trust into their partners and
the fact that quality control department has not been overshoot as proved by the
respective quality control and deviation metrics and the informants’ answers, enhanced
our confidence for a controlled, streamlined, smooth in-house supply chain operation.

In addition to that, the organization applies periodical audits that not only cover all
supply chain level and processes but are organized in a way that all the ‘plan-do-check-
act’ philosophy is followed for each audit at each production plant (Srivannaboon,
2009). Moreover, organization’s headquarters, plant supply chain departments, internal
and external auditors are involved to ensure the credibility and transparency of audits
that are based on the most up-to-date audit standards. In each HA-OEM plant ISO audits
are performed every 2 years, quality assurance, risk assessment and production system
audits are performed every 3 months with 5S and lean assessment and audits to be
performed on weekly basis. All audits cover the full spectrum of potential in-house
supply chain inefficiencies and deviations and continuously trigger the respective
corrective and preventive actions. Apart from audits, HA-OEM has implemented Six
Sigma techniques in all of its production plants. With the empirical and statistical
methods that constitute the Six Sigma techniques, which target to identify and remove
the causes of defects and minimize the impactof variability in manufacturing
(Tennant, 2001), we recognize the HA-OEM focus on process improvement strategies.
We are therefore confident that due to the combination of multilevel, frequent, well-

structured audits and the continuous improvement strategies applied, quality of in-
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house supple chain output process is not only closely monitored but brings to surface
as much recognized supply chain inefficiencies as possible. The bottom line is that the
organization has the mechanism to identify supply inefficiencies and the cutting-edge
methodology to deal with them. This makes the researchers confident that all findings
related to in-house supply chain DLT implementation will stand separately and
completely cut-off from extant manufacturing management practices related to supply
chain improvement.

The corporate strategy of HA-OEM to maintain high level of internal information
system integration provides the necessary basis for information sharing and effective
coordination among departments. With almost all processes to be executed paperless,
through a high-end modern ERP solution, the user grouping observed regarding he
access of other high end supplementary information system solutions streamlines the
data collection, reporting, analysis, sharing and visualization of all necessary
information among in-house supply chain departments. Information system integration
effort is a continuous process for HA-OEM also in areas that supplement supply chain
process, such as the integration of Product Information Management (PIM) and Digital
Asset Management (DAM) as part of the content management system operated. On the
top of that, HA-OEM has taken the endeavor to digitalize and simplify the
communication between the company and its partners, to enhance partnership
transparency and long-term collaborations. To a large extend, the value stemmed from
DLT implementation lies in the information exchange dynamics among interacting
entities (Xu, Chen and Kou, 2019). Literature clearly depicts the relationship between
trust, information sharing and information exchange reciprocity (Kaushik, et al, 2017).
Taken the latter as given within an in-house supply chain context, we were strict into
selecting an organization that demonstrates really high level of information system
integration. That was the case for HA-OEM, since this was not only an observation
noted by the researchers but had also been reflected by organization’s elite informants,
through their high level of confidence and trust into the information kept internal to the
organization, at least at plant level.

Manufacturer’s focus to applying top-notch production system practices and high-
end manufacturing strategies is clearly reflected through the fact that a custom HA-
OEM Production system has been developed and applied in all production units. HA-
OEM Production system is based on the Toyota Production System (TPS) and

encompasses the respective principles, methods and tools customized for the ‘HA-
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OEM’ production system attributes. Demand oriented production, zero defects,
avoiding waste, robust product phase-in / phase-out are some of the HA-OEM
production system pillars, in line with the respective TPS philosophy, that targets to
increase factory capacity. In addition to those high-end manufacturing practices, other
best practices as recommended in literature have been implemented. HA-OEM
implements value stream mapping and design, to improve the whole and not just
optimize the parts (Rother and Shook, 2003) has also adopted lean techniques that refer
to just -in-time manufacturing, Kanban, S/M, milk run techniques that are practiced as
part of the lean manufacturing process (Ortiz, 2008). In addition to that, standardized
work as part of manufacturing procedures have been implemented, so that precise
procedures can be set up that will allow HA-OEM to make products in the safest,
easiest, and most effective way (Mor, et al. 2019). PPC lies in the heart of the high-end
manufacturing practices applied by the manufacturer, since material requirements
planning, demand management, capacity planning and scheduling are typical functions
of a PPC system (Stevenson, Hendry and Kingsman, 2005). HA-OEM applies all PPC
key methodologies from a MTO point of view, based on literature, such as MRP 11,
Optimized Production Technology (OPT), Workload Control (WLC), Kanban/Just In
Time (JIT), Gemba Walk and Theory of Constraints (TOC) to achieve supply chain
efficiency by reducing Work in Progress (WIP), minimizing Shop Floor Throughput
Times (SFTT) and lead times lower stockholding costs, improve responsiveness to
changes in demand, and improve Delivery Date (DD) adherence (Zapfel and Missbauer,
1993; Gelders and Van Wassenhove, 1981).

In addition to that, two out of the four production plants included in our survey
gained the “Best PPC System” recognition over the last 5 years, among all 20+
production plants of the HA-OEM group, based on the PPC audit reports and the
respective annual PPC evaluation results at plant level. The latter along with the fact
that lean manufacturing management practices in combination with almost all available
PPC pull schemes are applied, makes us confident that in-house supply chain operation
of HA-OEM manages to keep shop floor under control and achieve manufacturing
efficiency through the application of all, based on extant literature, cutting edge and
methodologies and practices (Hoop, and Spearman, 2004; Womack, Jones and
R00s,1990; Suri, 1998). In that way someone could not claim that there is high
possibility the interviewed HA-OEM informants to refer to issues that could have been

resolved with manufacturing practices not applied due to ignorance of those
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methodologies and practices. It is obviously expected that informants and researchers
will identify space for improvement of applied manufacturing systems and practices,
but it is also expected that in-house supply chain DLT implementation drivers will be
distinct from those that are referred to the extant manufacturing practices improvement
determinants.

In short, HA-OEM relies in its integrated global supply chain to deliver customer
promises. State-of-the-art in-house supply chain processes and optimally designed
continuous improvement best practices allow the organization to operate an effective
and efficient in-house supply chain. Manufacturing process efficiency is achieved
through optimized procedures and workflows due to the use of modern methods,
techniques and tools. The HA-OEM 's work processes and the implementation of a
high-end quality management system are organized as effectively as possible. The
advanced structure of the latter facilitates the continuous improvement of organization's
processes. High information system integration strategy and interconnected digital
solutions do not only facilitate data access and information exchange but also enhance
decision speed and reinforce decision makers’ trust to data kept internal to the company.
Those characteristics allow the researchers to be more confident that the concepts
identified through the inductive research will be free of the assumption, or at least
significantly reduce the risk, of considering that in-house DLT adoption 1* order
concepts, are related with actions that the organization could have taken, based on the

extant literature supply chain and manufacturing management best practices.

3.2 Data collection

3.2.1 Multiple case study data collection for 1% main research question (mRQ1)

The main source of evidence of the multi-case study research that intends to answer
1°" main research question (mRQ1), meaning “What are the implicit effects in business
model that stem from DLT adoption ?” consists of semi-structured interviews with elite
informants of 25 large manufacturing companies established in 8 European countries.
Between December 2020 and April 2021 two rounds of remote and on-premises
interviews, lasting approximately 90 minutes each, have been conducted with each elite

informant from each one of the 25 manufacturing companies as presented in Table 5.
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Apdx Table 2, in Appendix section, illustrates the relationship between the business model,
supply chain and interview dimensions that have been considered for interview design.

Based on literature six supply chain structures describe the range of possible
operations: engineer-to-order (ETO), buy-to-order (BTO), make-to-order (MTO),
assemble-to-order (ATO), make-to-stock (MTS) and ship-to-stock (STS)
(Hoekstra, 1992; Naylor, Naim and Berry,1999; Yang and Burns, 2003). BTO and ATO
could be considered that are closer to MTO, since orders generated through actual
consumer demand and the order penetration points lies in the upstream of the supply
chain for STS one could say that it is closer to MTS since the decoupling point, or else
the order penetration point is located at finished goods. MTS and MTO are considered
the most prevalent among other supply chain strategies and for our case selection
criteria we will only consider manufacturing companies under the MTS or MTO set up.
The reason that we leave out the ETO from our sample supply chain framework is that
the decoupling pint is located at the design stage (Gosling and Naim,2009), meaning
that customer order triggers order-specific engineering. Based on literature ETO
requires different information management strategies than the other supply chain forms
(Donselaar, Kopczak and Wouters, 2001).

DLT and information management are inextricably linked and for a supply chain
strategy, meaning ETO, that is much differentiated in terms of information management
DLT adoption needs to be researched separately. Without going into many details on
ETO it is indicative that based on literature, information and production systems for an
ETO supply chain should allow for basic information to be incomplete, partly
inconsistent, or not up to date (Wortmann, 1995).

Research question (mRQ1) has been decided to be investigated through case studies
of large enterprises (LEs), following the characteristics of LE as described in literature
(Ramakrishna, 2016). LEs demonstrate higher supply chain complexity, interact with
more business ecosystem actors and develop relationships either from a dominant or a
non-dominant position. Under that conditions we expect elite informants from LEs to
have a high-level overview of a broad spectrum of options, actions and strategies
implemented. This would allow the researchers to shed light to a wide range of supply
chain activities intentions and results driven by DLT adoption. On the top of that based
on the DLT supply chain projects running up to the date this research is conduced, it is

the LEs that drive the developments.
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Elite informants included senior, head and c-level supply chain managers, in order
to capture a multifaceted view of the discussed themes. The spectrum of the themes
discussed required high-level overview and active engagement of the interviewees into
strategic supply chain corporate decisions. During the first sitting, with the support of
an interview guide, 26 open ended questions were asked and a conversational manner
had been assumed (Rubin and Rubin, 2011). Interview questions are presented in Apdx
Table 1 found in Appendix. The themes discussed during the 1st round of interviews set
the trust and data openness as the basis of supply chain decisions and the relationships
with manufacturer’s direct and indirect supply chain partners. We continued by keep
setting as the basis of the semi-structured interview (Weiss, 1994), the notions of trust,
supply chain collaboration and data openness. We expanded the conversation into
supply chain decisions that involve actors, that lie beyond the core business and
extended enterprise business ecosystem layers, as described by Moore (1993), such as
regulatory bodies, competitors, customers etc.

After the first phase the researchers identified themes emerged in data and some
repeated patterns started to appear. The purpose of the second round of interviews was
focused into corroborating the patterns and findings initially emerged. To reduce bias,
the second round of interviews took place one month after the first. Interviewees where
asked to provide a fresh commentary on the findings so that theoretical saturation could
be reached. In short, the second round of interviews had been conducted with the
support of an adjusted interview protocol based on themes emerged in data after the
first round of interviews (Robert, 2018). To maintain consistency, the lead author
conducted all interviews. If one interviewee failed to comment on one aspect of the
pattern discussed, in particular when findings discussed had not been supported by
his/her insights identified in the initial interview, then further informants from the same
company were identified by snowballing techniques. Key informants were asked to
recommend colleagues who had a thorough insight on the aspect discussed (Kvale,

1996).
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Figure 6: Interviewed firms per supply chain type and industry for multiple case study
research (mRQ1)
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Country | Industry |Role Phase 1 Fhase 2
CH Fharma |Contract Manufacturing Supply Manager CFM Rl
CH CEM =r. Manzger Globsl Project 3nd Procssses Rl OPM
UK CEM manufactuning and Supply Chain Manager CFM Rl
CH OEM Production Manager CFh Rl
UK CEM ranufactuning Manager Rl Rl
R FRACE Head of Supply Chain OFM OFh
GR Fharma |Head of Supply Chain OFR OFh
FR Fharma |Supply Chain Manager Rl Rl
R Fharma |Warehouse & Distribution Head DR OFhA
GR Pharma |Head of Supply Chain OFh OFPh
DE DEM Er. Supphy Chain Manager Rl Rl
DE OEM Supphy Chain Manager Rl Rl
DE DER Supphy Chain Manager Rl Rl
GR Fharma |Head of Operations CFh OFhA
AU FMCE Head of Operations Rl Rl
FR FIADE V5 Leader Rl Rl
B DEM Cperations Manager Rl Rl
LU CEM Head of Supphy Chain Rl Rl
CH CEM Head of Swpphy Chain Rl Rl
=R CEM Head of Supphy Chain CPM CPM
CH Fharma |Supply Chain Manager Rl Rl
DE DEM Supphy Chain Manager Rl Rl
GR DEMM Supphy Chain Manager DFR OFh
R DEM Supphy Chain Manager OFM OFh
UK FRACE Supphy Chain Manager Rl Rl

DR Ow Premize foce o foce Meetings

Ri:Remate Intervisw

DEN: Cwigingl Equipment Manufociunsr

FRICEE: Fast Maoving Conswming Goods Manufociunsr

Table 5: Data collection id for multiple case study research (mRQ1)

The second phase of interviews had been completed when data collection and
analysis revealed patterns, concepts and themes that were subject to little change when
new information were produced (Guest, Bunce and Johnson, 2006). Figure 6 and Table
5 illustrate research identity characteristics. For confidentiality reasons participant
identities and company names are not disclosed. Although data analysis had been
majorly based on semi-structured, researchers followed the qualitative research best
practice as illustrated in respective qualitative research literature and employed external
sources of evidence (Gioia, Corley and Hamilton, 2013). Secondary data had been used
in particular at the case selection phase. Those resources allowed the researchers to of
the complexity the depth and the recent developments on the supply chain structure of

the organizations selected for the research. In addition to that during the first stage of
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the data collection interviewer could gain a clearer understanding on the organization’s
overall supply chain operation and raise questions adjusted to organizations supply
chain profile as discovered through the secondary resources. Electronic documentation
collected from multiple sources such as corporate websites, corporate reports, annual
reports, press releases, facts and figures from publications on databases had been used

for that dual purpose.

3.2.2 Single case study data collection for 2" main research question (mRQ?2)

To answer the 2™ main research question (mRQ2), meaning “How DLT adoption
causations at in-house supply chain level impact organization’s business model?” we
draw on extensive data collected during interviews conducted in four phases. Key
informants were located in four production plants, three in E.U and one overseas. In
one E.U. production plant, hereafter called Plant A, interviews were conducted on-
premises. Interview questions and interview design are illustrated in Appendix in Apdx
Table 4 and Apdx Table 5 respectively. Plant A that has been the Plant which provided
the main source of data through on-premises visits had gained, once over the last 5
years (2018-2022), the “Best PPC System” recognition, among all HA-OEM
production plants. Between Sept 2021 and March 2022 20 semi-structured interviews
with 18 informants located into four selected HA-OEM production plants and 3 on
premise visits to one selected, E.U, based production plant, where researchers
conducted multiple source data collection.

In Phase 1, the first visit to the selected production plant was intended to identify if
all four case study selection criteria were met to proceed further. Three semi-structured
interviews of approximately 90 min each, with the plant’s Head of Supply Chain,
Operation Manager and Production Manager were conducted, combined with visit to
all plant supply chain and production departments. At that phase informants were asked
high level questions related to the manufacturing strategy, in-house supply chain
operation and structure. The scope of the semi-structured interviews along with the
respective internal documents, corporate presentations delivered by HA-OEM
managers, the supply chain KPIs presented, the presentation of selected audit results
and the internal evaluation procedures, were necessary to ensure that the organization
meets the manufacturing strategy and high-end in-house supply chain operational

efficiency criteria set by the researchers. At that point researchers agreed with the first
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senior level interviewees, that although the scope of our research and our ultimate
research question (mRQ2) had been inevitably revealed and discussed with them, this
would not be the case with the informants further involved in the research. Enforcing
ignorance of the theoretical background of the research to the interviewers would
eliminate the risk to mislead them and guide the answers. That would eventually lead
to a deviation of the character of the study from the inductive form of the research,
particularly since DLT is by default not a widely comprehensive topic.

In Phase 2 the second round of data collection included two more onsite visits in
the selected Plant A. At that phase approximately 60min semi-structured on premise,
face to face interviews were conducted with each one of the informants. Interviews
were combined with visit to the respective plant departments, where necessary, to
observe the real job performed and the processes of the departments that acted
supplementary or were intersecting with the in-house supply chain. From the
production and assembly lines to departments such as maintenance, machine shop,
quality control, PPC and the engineering department, on the spot observation of the
processes executed and short discussion with the employees, supplemented the main
phase of our data collection. At that phase apart from the many short discussions
conducted with the employees acting on the real-job, eleven semi-structured face to
face interviews with the Supply Chain, Production, Maintenance, Engineering, Quality
Control, Warehouse and Production Manager as well as with the VSM Leader, Demand
Planner, Inventory planner and PPC Associate, were conducted. Those informants that
had already been involved in Phase 1 of data collection had prepared and presented
more in-depth data from various internal resources as discussed during the first visit.

Before we conduct the second visit in Plant A, researchers had downloaded and
screened all available free on web and related to the research information for the
organization, such as annual reports, supply chain related information available on the
corporate website, press releases, facts and figures from publications databases and
corporate reports. Information collected was presented and discussed with the
respective senior level managers interviewed interviews during the second visit in Plant
A. Although semi-structured interviews had been the main source of data for the
research, based on qualitative research best practice we employed multiple data sources
such as written and electronic documentation and participant observation. The last two
data sources served as supplementary sources of understanding processes, key

perspectives and their presentation to various constituencies and discrepancies among
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informants (Jick, 1979; Miles and Huberman, 1994). Associated secondary data, such
as electronic documentation collected from multiple sources, had also been used for the
triangulation of the findings as the interview process progressed.

Following the Lincoln and Guba’s (1985) guidelines for “purposeful sampling” in
choosing our informants (Lincoln and Guba, 1985), we started interviewing mid to
senior level managers that would hold a high-level overview of the HA-OEM
management practices, procedures and strategies related to the research question
(mRQ2) discussed. To dive deeper into processes and details we needed to involve
employees of other departments or same department junior to mid -level ranked
informants, especially those with substantial expertise not possessed by others. In that
case a snowball technique was used, asking for interviewers’ recommendation as to
who could best explicate the processes of our interest (Kvale, 1996). To maintain
consistency, the lead author conducted all interviews. Interviews became progressively
more structured as themes emerged in data and interview protocol had been adjusted
based on informant responses to preserve flexibility (Gioia, Corley and Hamilton,
2013). Researchers ensured progressive focusing to targeted interviews as themes
emerged in the data.

After the 2" phase, researchers identified themes emerged in data and some
repeated patterns started to appear. The 3™ phase includes remote interviews with elite
informants of three other HA-OEM production plants, meaning Plants B, C and D. Data
that demonstrated the fact that case study selection criteria were met for those plants
had been provided from the initial HA-OEM plant involved in the research. Interviews
with totally six elite informant, meaning the Head of Supply Chain and the Operations
Manager for each one of the three HA-OEM production plants was intended to identify
whether saturation would have been reached when comparing interview data with data
collected from Plant a during data collection Phase 1 and 2. New informants needed to
be interviewed up to the point that further data collection and analysis would not yield
any further explication of the given theme (Glaser and Strauss, 1967). Since the supply
chain structure of HA-OEM group plants had been presented to be the same for all
plants, researchers decided to focus into senior level managers directly related to the
heart of supply chain operations. In that case the interviews were longer than in any
other case lasting approximately 2 hours each and for logistical reasons had been
conducted remotely. This phase apart from the iterative process of simultaneously

collecting data, analyzing them and seeking new informants on the basis of prior elite
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informants’ interviews also targeted to enhance the validity of the research. Comparing
and analyzing information deemed from the informants interviewed in HA-OEM Plant
1 against the information gained from the interviews and presentations Plants B, C and
D was intended to validate, enrich or question findings and establish trustworthiness
and authenticity in findings of the study.

Researchers target was to reach saturation by identifying that “new information
produces little or no change to the codebook” (Guest, Bunce and Johnson, 2006).
Before we reach to that point and after analyzing the data of an evolving sample of
informants, a last round of written and remote contacts, Phase 4, with selected senior
managers interviewed in earlier phases has been decided. The purpose had been to
clarify inconsistencies appeared in part of data and clear up information and data critical
to pattern formation, that based on the initial analysis demonstrated some ambiguity.
Data cleaning phase took place one month after the 3™ phase of data collection
intending to reduce data collection bias. Table 6 summarizes all data collection efforts

until theoretical saturation was reached.

Phaze1  Phase 2(*} Phase3 Phased

Mant &[**}:| (PADL} Head of Supphy Chain CP R
[P&DZ) Operations Manager nlal b CPM
[PAD3} Production Manager O OFM
[PAD4) 20 Manager CPM
[P&DS] Maintenanoe Mansger CPM ERC
[P&DS] Enginering Manager CPM ERC
[PAOT) Quality Control Manager CPM
[PaOE] Walee Stream Mapping Leader CPM
[PaDS| Demand FEnner CPM
[PALO) Inventory Planner CPM
[P&11] PPC Ma3nager CPM
[PA1Z] PPC Azsociate P

Plant B: [PEOL) Supply Chain Manager Rl ERC
[PEOZ) Cperations Manager Rl

Plant C: [POD1) Head of Supply Chain Rl ERC
[FO0Z) Dperations Manager Rl

Plant D: [PDO1) Supply Chain Manager Rl ERC
[POOZ} Dperations hManager Rl

DR - N Premize foce 1o foce Meetings & inbervicws

Ri-Remote Intenisw

SRC: Short Remote Communication

{*] Two visits foron premises obervation of real time Supply Chain/\anufeciuning Department operrtions
{#*) Three on premise visits

Table 6: Data collection id for single case study research (mRQ2)
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3.2.3 Single case study data collection for subRQ2.1

To answer the subRQ2.1, meaning “To what extend could DLT adoption impact
manufacturing leanness?” we collected data based on HA-OEM elite informants
interviewed for mRQ2 data collection. Data collection for subRQ2.1 had been initiated
after results from mRQ2 had been extracted and presented to elite informants of all H-
OEM plants that participated in subRQ2.1 data collection interviews after the
conclusion of all data analysis phase of mRQ2 In that new part of the research, we
followed the same setup in terms of HA-OEM production plants engaged and period of
data collection as in the case of data collection for the purpose of mRQ?2. There had
been only one exception in elite informant synthesis engaged which is, that for Plant B,
C, D instead of interviewing the Supply Chain Managers we interviewed VSM Leaders.
That had been a consciously choice, since researchers decided that TT and WIP
inventory would be indicators of DLT in house supply chain adoption potential impact
to manufacturing leanness and that VSM would be the main part of data analysis
methodology, as explained in detail in next section.

1®* order concepts derived while researching for mRQI, as presented in Figure 8,
had been the basis of Phase 1, 90 min semi-structured interviews conducted during three
onsite visits in Plant A, while researching for subRQ?2.1 Researchers decided to present
1*" order concepts, since there had been generated based on interviewees interpretation
regarding in-house DLT adoption causation and not based on further analysis by
researchers. In that way and based on interviewees understanding on DLT adoption
researchers considered that each informant could easily realize the link between his/her
own saying, as reflected in 1% order concepts and in-house supply chain DLT adoption
causation. Consequently, interviewees could easier understand the scenario investigated
for subRQ2.1 purpose. The scenario presented to each one of the interviewees of Plant
A and in the next phase also to Plant B,C,D informants could be summed up in the
following phrase *“ Assume that we adopt DLT everywhere in ‘in-house supply chain’
and without applying any other lean technique we need to define and measure what will
be affected that will impact manufacturing leanness and more specifically WIP
inventory and TT’ To increase research validity data collected based on that scenario
from research conducted onsite at Plant A had been shared, with Operations Managers
and VSM Leaders of Plant B,C, D in data collection Phase 2. Due to arguments raised
feedback from Plant B, C, D had been reshared with VSM Leader and Operations
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Manager of Plant A in data collection Phase 3 so that data will be redefined. Data
collection efforts for subRQ?2.1 are presented in Table 7.

Phase 1{*) Phase 2 Phase 3

Plant A{*): [(PADL) Head of Supply Chain
(PAD2) Operations Manager OPM OFM
(PAD3) Production Manager OPM
(PACD) SC Manager OPM
(PADS) Maintenance Manager OPM
(PADE) Enginering Manager OPM
{PADYT) Quality Control Manager OFM
{PADE) Value Stream Mapping Leader OFM OPM
(PADS) Demand Panner OPM
(PALD) Inventory Flanner OPM
(PAL1L) FPC Manager OPM
(PAL12) PPC Associate OPM
Plant B: (PBO2) Operations Manager RI
(PBO3) Value Stream Mapping Leader RI
Plant C: {PCO2) Operations Manager RI
{PCO3) Value Stream Mapping Leader RI
Plant Dv (PDO2) Qperations Manager Rl
(PDO3) Value Stream Mapping Leader Rl

OPM: On Premise face to face Meetings & Interviews
Ri:Remote Internview
{*} Three on premise visits for data collection and process obsernvation

Table 7: Data collection id for single case study research (subRQ2.1)

Data collection served a dual purpose. The first had been to identify which
production processes will be affected under the scenario of DLT adoption that impacts
only the information flow and not the material flow aspect of the production and second
to quantify the impact on the WIP inventory between processes. Since HA-OEM keeps
records and for any respective data depicted on VSM current state and recognizing that
to come up with new accurate measurements based on our assumptions is not an easy
task, researchers asked for an estimated range of change between + 5%. As soon as
Plant A, B, C, D Operations Managers and VSM Leaders agreed on the estimated range
of WIP change per case, researchers validated the proposed numbers through literature.
As presented in data analysis section, based on the reason that stimulated WIP inventory
change, there are studies found in literature that have calculated the expected
performance improvement that had been found to be within the WIP inventory change

resulted through suRQ2.1 data analysis findings.
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3.3 Data analysis

Our analysis approach, for both case studies based on qualitative data inductive
analysis best practice proposed in literature (Glaser and Strauss,1967; Lincoln and
Guba,1985), required data collection and data analysis to evolve coincident. During
the 1st phase of data analysis, yet from the initial interviews of the first round of
interviews, raw data analysis revealed an increased number of 1st order categories
based on grouped data. First order coding, through the selected use of interviewees’
words and phrases from a section of data, led to labeling and further categorizing each
section based on their similarities and differences. As data collection and data analysis
evolved in parallel after the completion of the 1st round of interviews the open-coding
practice not only revealed the Ist order distilled categories but kept them at a
manageable number. The axial coding process of the 2nd phase of the inductive analysis
refers to the grouping of 1st order concepts into higher order themes, and identification
of their connections that depict their linkages (Strauss and Corbin, 1998). The 2nd order
themes that emerged at this phase from the links and patterns observed among the 1st
order concepts are related to the ‘how’ and ‘why’s’ of the case study, based on the
pattern matching analytical technique as proposed in qualitative case study analysis

literature (Robert, 2018).

3.3.1 Trustworthiness of data

To ensure trustworthiness of data we collected data from multiple sources and
followed a “recursive, process-oriented, analytic procedure” (Locke, 1996), which
included coincident data analysis and data collection. The process has been continued
until theoretical saturation has been met. Interview transcripts, notes retrieved from
onsite observation and other documents collected, were managed through the RQDA
qualitative data management coding software. In Appendix we illustrate the coding
categories (Apdx Figure 1, Apdx Figure 2), coding, and categories (Apdx Figure3,
Apdx Figure 4) plot sample (Apdx Figure 5, Apdx Figure 6) in RQDA both for mRQ1
and mRQ2 based on interview transcripts collected at the data collection phases. Senior
level informant follow-up approach was selected to further clarify the data when

ambiguity had been observed (Lincoln, Y. and Guba. E. 1985). Emerging patterns have
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been discussed among researchers with the engagement of a researcher, not involved in
the study, though familiar with the respective DLT, trust and business model theory to
gain outsider’s perspective on data analysis before the process model building.
Interpreting informant terms has been initially done by the leading author but to avoid
differentiation in informant terms interpretation and to review open coding findings all
authors have been engaged. Authors interpreted data independently and the synthesis
of all authors’ perspectives and arguments had been evidenced before 1% order themes
validation (Bartley and Hashemi, 2021). In the case of arguments on coding results,
authors revised the data. When extra information and clarification on raw data had been
needed, the same follow up questions had been addressed to the same level senior level

elite informants.

3.3.2 Multiple case study data analysis for mRQ1

Regarding mRQI1, “How’s’ are related to how, under a supply chain context, DLT
adoption drivers would affect the supply chain dimensions of supply chain inbound and
outbound partners, customers and other ecosystem actors. Moreover, 'Why’s’ are
related to why DLT adoption would lead to certain results related to business model
decisions. When 2nd order themes seem to emerge, data collection proceeded with the
second round of interviews, where the 1st order concepts and the emerged 2nd order
themes had been discussed. After the point where the 2nd order themes along with their
respective linkages to the Ist order concepts have been crystalized, theoretical
saturation has been reached. In the next phase researchers followed iterative analysis of
data while contrasting the current literature and refining the emerging themes and
patterns by revisiting single cases (Eisenhardt, 1989; Eisenhardt and Graebner, 2007).

That led to further aggregation of conceptual categories to 12 aggregate dimensions.
In the final data analysis phase, researchers consulted business model literature to reveal
the linkages of the aggregate dimensions with the factors that eventually revealed the
DLT indirect effects to the business model. This step has not been a further aggregation
of the how’ and ‘why’ but targeted to link the aggregate dimensions with the activities
that impact the business model. The graphic representation of data structure, along with
the linkages with the business model related activities, as visualized in Figure 7,

demonstrates the qualitative research rigor (Pratt, 2008; Tracy, 2010).
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1st order Concepts

2nd order Themes

Aggregate dimensions |

B.M. impact

For key L5Ps and material providers trust based on data openness is a significant partnership.
decision maker

For non-key supply chain partners trust based on data openness is not a significant partnership
decision maker, appart from nan key outbound LSPs that it weighs 3 bit more but still does not
For both key and non-key market intermediaries trust based on data cpenness is not significant
partnership decision maker

dependency for non
established relationship
formation

Data openness and partner

Trust as partnership
decision maker

lrssess how complete are patential supply chain inbound and outbound partner's data

$

Confidence on partner's
evaluation reliabili

Supplychain partner's
integrity

[assess potential supply chain inbound and outbound partner’s compliance with quality and SLA
[specifications

lassess potential supply chain inbound and outbound pariner's technical capabilities

We prefer our partners to demonstrate competence vs integrity if we had to choose between those
[wo trust varigbles

We believe we can manage integrity with strict rules and visibility but for competence this is not
fthe case

Trust based on partner's
competence

Supply chain partner's
ability to deliver results

INear real time' visibility inte 2nd tier material suppliers affect organization's propensity to trust

lits respective 1st tier material suppliers

Near real time' visibility into 2nd tier LSP trust affect organization's propensity to trust its

resepctive 1st tier LSPs

INear real time’ visibility into 2nd tier material suppliers trusted data enhances organization's cost

lstructure capabilities

INear real time' visibility into 2nd tier material suppliers trusted data affects organization's

IFlexibility to mitigate risks.

INear real time' visibility inte 2nd tier LSP trusted data strengthens organization's faith on 1st tier
artner integrity and performance

¥

lity at ecosystem level

d operational performance

Supply chain partner
selection

Process and transaction
redesign drivers

Knowledge generated
through supply chain data
openness at ecosystem
level

Both key and non-key 1st and 2nd tier material suppliers are eligible to be substituted if their
respective competitors are expected to be trusted more

|Outbound LSPs are more eligible than inbound L5Ps to be substituted by their respective
lcompetitors if more trust is promised

Non key LSPs are not paid much attention on how they perform and how much they are trusted

Both key and non key market intermediary actors are not highly possible to be substituted by their
lcompetitors if the latter promise more trust

High trust threshold as
established relationship

» game changer only for

selected actor roles

Impact of acter's trust and
{25 dependency on partner
relationships change

i

Generation of new
knowledge predictability)

Substitute supply chain
partners

When relationship shocks eccur organizations ensure data leakage protection with stricter rules

ata protection through rule:
and coniratcs

Integrity through data
privacy

ﬂ.

i
| Rulles of collaboration
H

Partner's actionable willingness to improve would strengthen its relationship with the respective
manufacturer

Benevolence based trust

System ownership and process design is viewed as the most important factors for engagement in
any DLT business ecosystem, rather than who will bear the cost and drive the process redesign
Expected benefits beats trust concerns in actors decision to implement changes required by DLT
adoption

'ocus on expected benefits
rather than on cost

Transactions designed with

ystem architecture design

Data visibility allows proactive action that will lift, to a large extent, any doubts about partners’
potential suspicious behavior

Data openness reduces information asymmetry and facilitates ecosystem actor's performance
evaluation based on trusted data

Data accuracy and consistency achieved through data openness would be an ideal basis for
mutual operations improvement effort to thrive

If opening more data is needed to attract more actors to collaborate with, then we need to do itby
ensuring data leakage and data management intentions by our potential partners

Storng propensity to open more data for the 1st material and inbound LSP partners if it is about
value creation improvement

Companies are not agsinst but do not see much value of redesizning their pracesses far the sake
of 2nd tier supply chain partners’ and other ecosystem actors' efficiency

High trust level will not increase tolerance on SLA deviation above predefined thresholds,
irrespective of the partners role and ecosystem position

Trust and control

3

Information assymetry

»

Exercise of influence

gh propensity not to open data to other dominant players

Conflict between data openness to supply chain partners for operational purpose and data
opened to regulatory bodies

(Opening more data than thos required through regulatory obigations reduces flexibility on reactive
actions

‘Open more data to anyone than those required by central authorities will be only on project basis
anly

Data are assets and are not opened unless there is solid reason to do so

Ecosystem expansion does not provide by default any measurable benefit to justify data openness

* Need ta know basis

Process and transaction
redesign drivers

Ecosystem actors' role and
position

Datz openness a5
barrier to ecasytem
expansion

Relationships with supply chain partners might be reviewed in the case that a supplier is
cooperating with competitors, especialy with 1st tier material suppliers

artner dependency criteria
revention

Reassess partners competence to deliver results through trusted evidence, to re-establish trust

Request for more dats openness to re-establish broken relationships

Assess similarity of companies goals visien and intentions to re-establish refationships

Trust threshold to re-
establish supply chain
partner relationships

Predictability of competitors' behaviour based on social network

If data opening is demanded by a candidate partner, then we need to assess partners
trustworthiness

Evaluation of partner's integrity on dats management based on social network

Data provision, if necessary, in generic form to any untrusted ecosystem important actor

if references from social network leave shadows on partner's data privacy and data management
capabilities and intentions then that is collaboration show stopper

Social network source of
rust

Relationships with high
risk

»

‘Open more data to expand the partner base if this is expected to bring significantly more benefits
than not doing so

Data openness only to 1st tier suplly chain partners even if they have storng capabilities to
elaborated on knowledge created through data share

Data openness beyond 1st level of supply chain partners is not desired, due to unknown actors
capabilite to build on knowledge shared

Expected benefits drive data openness and colizboration prospect with competitors

Open more data to the outbeund pariners te explore new markets

‘Open more data with the 1st tier materela suppliers, if any extra configuration is needed, to take
advantage of new market opportunities

'Open more data to customers to explore new market opportunities

Data openness based on

and risk

*ngruance between benefit

Incentive to collaborate

* Expand business

onfigure value proposition
and delivery

Figure 7: Multi-case study research data structure for mRQ1
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3.3.3 Single case study data analysis for mRQ2

The 1* step in data analysis has been to analyze all raw data and group them into
categories. The challenge of this phase is that already from the first interviews, 1% order
categories seem to emerge. That number seems to increase as the data collection process
evolves. Before we label distilled categories, we need to seek for similarities and
differences among the categories and end up reducing them to a manageable number.
The 2nd step involves the axial coding process (Strauss and Corbin, 1998). This step
refers to 1% order concept grouping and the identification of linkages and relationships
between them. At this step we assemble the 1% order themes into higher order themes
drawing connections to depict that linkage. Links and patterns among 1*' level empirical
themes lead to the distinct concepts, that group them to conceptual categories. With the
3 step of our analysis, we conclude data structure as illustrated in Figure 8. At this
phase we are trying to subsume the nine (9) 2™ order themes into five (5) 3™ order
theoretically rooted aggregate dimensions using insights from the theory (Gioia, Corley
and Hamilton, 2013). Data structure provides a graphic representation of the analysis
progress, from raw data to terms and themes and displays the linkages between the
different levels of our analysis. The inductive model that is grounded in data, as
exemplified by data structure, needs to be supplemented by an analysis of the weight
of each one of the business model dimensions in regard to its impact into the source of
the aggregate dimensions, meaning the 1% order themes. Therefore, in Figure 8 we also
demonstrate the impact of each one of the 1 order themes that emerged on the business
model dimensions of value creation, value proposition, value capture and value

network.
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Figure 8: Single case study research data structure for mRQ2

3.3.4 Single case study data analysis for subRQ2.1

In 1st phase of data analysis, we opt to define which in house supply chain processes
will be affected under the scenario of DLT adoption in every process within the ‘in-
house supply chain’, without applying any other lean technique and what stimulates
that change. Near- real time visibility, transparency of trusted information or data that
is exchanged or needed to be available end to end within the manufacturing processes

is the focus of our scenario. Based on that scenario, Plant A informants had been
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interviewed to depict which st level order concepts could impact any parameter of the
production material flow. Based on interviews’ answers researchers noticed that all HA-
OEM informants tended to distinguish the Ist order concepts into those that would
indicate DLT impact on production material flow under conditions of unexpected
disruption and those that would impact production material flow under normal
conditions, as presented in Table 8. It is indicative that for the first case we received
answers such as: “Yes I could see the impact of DLT but only in the case that something
unexpected happens (PA08, PB02, PC03, PD03” For our analysis purpose, researchers
decided to focus on the cases of the second category, meaning DLT impact under normal
conditions. Transferability is among the fundamental characteristics that a qualitative
study should meet to allow results generalization (Smith, 218). Although unexpected
production disruption reasons are standardized, we consider that evaluating DLT impact
on production leanness supports way more the transferability of results to other
manufacturing settings ‘under normal’ conditions compared to setting that demonstrate
similar production disruption causations. Tha latter could be an opportunity for further
study to extend the limits of current research. Therefore, the case of investigating DLT
impact under normal condition has been selected to provide the necessary input to

proceed in the 2nd phase of sub RQ2.1 data analysis.
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Table 8: In house supply chain DLT adoption causation impact on production material flow
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As mentioned in the respective data collection section we initially discussed the
potential of applying the scenario. Next to that and after the 1st phase of data analysis
we provided informants interviewed a structured approach for the interpretation of
scenario data, and an empirical validation of expert evaluations, that is related to VSM
methodology. Following those steps, based on literature, we meet qualitative data
analysis consistency (Gambelli, Vairo and Zanoli, 2010). Phase 2 of data analysis for
subRQ2.1 is related to the scenario that since production material flow will be affected
after DLT adoption we need to identify which processes will be affected, what material
production attributes will be impacted and how much. For that purpose, informants
initially proposed the production processes that will be affected based in Table 8
findings and after that had been asked to identify what production flow attributes will
be affected based on the scenario applied. This part of data analysis process occurred at
Plant A and data collected have been analyzed by researchers and VSM Leader of Plant
A. There have been afterwards shared for crosscheck and validation with VSM leaders
of Plant B, Plant C and Plant D. Any arguments have been discussed with Plant A VSM
Leader and Operations Managers. HA-OEM group of companies applies the value
stream perspective for all its plants to improve production flow.

VSM is a tool that maps production flow based on material and information flow
visualization, allowing the organization to designing value streams to reduce waste
(Rother and Shook, 2003). VSM is a powerful tool since mapping does not only help
spotting waste resources but also visualize how production flow path from customer to
supplier is altered through changes applied either at material or information flow level
of each process (Rother and Shook, 2003). The uniqueness of this tools is that it depicts
the linkage between information and material flow. Information flow tells each process
what to make or do next. Mapping is the technique that will allow this research to reveal
how material flow is being impacted when information exchange changes due to DLT
adoption (Hartmann, L., et al. 2018). What is unique on the proposed method is that the
future state will not be designed based on the waste elimination target, that is the
classical VSM approach supports, but will be simulated through subRQ2.1 scenario of
DLT adoption applied of DLT.

Based on the existing VSM mapping of Plant A, see Apdx Figure 7, informants
interviewed, identified the production processes affected based on DLT adoption
scenario. Production processes proposed by informants interviewed have been initially

validated by Plant A VSM Leader and researchers. Afterwards, those spotted processes
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along with Plant A VSM had been shared with Plant B, C, D VSM Leaders for extra
validation. Tha latter raised no arguments at that Phase of analysis. At the next stage of
analysis for subRQ?2.1 For the validated production processes, Plant A informants have
been asked to propose based on their records which production flow attributes would
change and how much under and estimated range of change between + 5%. As soon as
data have been discussed and validated by Plant A VSM Leader and researchers, have
been reshared for extra validation with Plant B, C, D VSM Leaders and Operation
Managers.

In that phase, arguments that came up had been related with the range of the
expected changes for specific WIP inventories. Those arguments had been discussed
between researchers, Plant A VSM Leader and Plant A Operations Manager. After
consulting the literature in manufacturing improvements expected based on information
flow improvement, as referred in the respective subRQ2.1 Findings section, the final
WIP inventory numbers have been agreed by all discussants. Final step of Phase 2 data
analysis for subRQ2.1 entails the application of the proposed changes by to extant Plant
A VSM, so that the new VSM, see in Apdx Figure 8 will be generated. New VSM
illustrates all the changes in terms of the production flow attributes affected, and
aggregated results for all manufacturing streams TT. subRQ.2.1 analysis steps are

illustrated in Figure 9.

5 Lo Discuss with Plant A informats Plant A informants identify
Discuss DLT scenario with Plant :
; i mRO2 1st Order Concept = production processes affected
A infrormants g F :
findings when scenario is applied
Plant A B,C,D WSM Leaders Discuss DLT scenario with Plant Rl AVSH L AdeRR
- e : <= researchers validate proposed
validate proposed processes B,C,D infrormants )
production processes
Plant A informants propose Plant A V3M Leader, Ops Share DLT impact' data with
production flow attributes = Manager, Researchers validate [=» FPlant A B,C.D V5M Leaders &
affected & quantify DLT impact proposed 'DLT impact’ data Cps Managers for validation
DLLImeE.-gdp;tf a;;plleg by .Cnnsti!tdllt:rature & dtlcussl DI';TA 'DLT impact data’ arguments
o il g 'MPAct data arguments (PlantA | oo gnock raised by Plant,B,C,D
Researchers to generate 'V5M VSM Leader, Plant A Ops “hif e with Plamt A
to-be' after DLT scenario Manager, Researchers)

Figure 9: subRQ2.1 data analysis steps
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4. Findings

4.1 Multiple case study research findings regarding mRQ1

In that section, we describe our findings that emerged from the data in relation to
the ten (10) overarching themes we inductively identified and presented in Figure 7.
regarding mRQ1 of” What are the implicit effects in business model that stem from
DLT adoption”. These themes refer to different types of intents and activities related to
trust and supply chain collaboration that evolve during DLT adoption at supply chain

level and are expected to impact manufacturer’s the business model.

4.1.1 Supply chain partner’s ability to deliver results.

Assessing partner’s competence through visibility and access of trusted data is
needed for the partner assessment process and sets a strong trust base between
interacting parties before they establish their relationship. In addition to that, end-to-
end supply chain visibility through DLT implementation and trusted data has been
proven to be closely related both with manufacturers and its interconnected partners’

operational performance.

4.1.1.1 Trust based on partner's competence.

All interviewees stated that their partner selection process is mainly oriented
towards identifying partner’s competence. Given the fact that cost parameters are
within budget boundaries, the perspective of a manufacturer to establish partnerships is
mainly defined by the future partner’s capabilities and its promise to comply with
expected standards. Both at supply chain inbound and outbound level, competence is
the trust variable that needs to be assessed. Competence is an innate property that the
trustee has no control over it (Ibrahim and Ribbers, 2009). All interviewees mentioned
that no compromise with incompetent partners can be accepted. On the top of that, the
cost of substituting a partner and especially a key partner, that has been proven not to
meet expected standards has been clearly stated to be painful, with strong consequences

to the manufacturer.
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“If at any point of our supply chain partner evaluation process we feel that our
future partner may not meet our standards, then this it is definitely a showstopper.”
“We are willing to work together with our partners to solve problems and assist
them to improve their performance but the bottom line is that we trust our data
collected during the partner selection process to decide whether partner candidates

can deliver or not based on our standards”

The importance of competence has been evaluated by the interviewees as a qualifier
against the trust dimension of integrity. Based on those two fundamental trust variables,
that set up the basis of the most widely cited models of trust in organizations,
interviewers clearly qualified competence against integrity to the extreme scenario as
if they had to select only one. Informants’ replies revealed that strict rules, contractual
clauses and well-established contractual agreements have the power to prevent

undesired behavior that might stem from partner’s integrity issues.

“Contractual terms and mechanisms that allow continuous evaluation of partner s
performance have the power to prevent problems that might come up due to integrity
issues. After all, we make it clear from the very beginning that integrity is not

>

negotiable.’

4.1.1.2 Visibility at ecosystem level and operational performance

Our data revealed that ‘near-real-time’ visibility is an important attribute not only
for assessing 1st tier supply chain partners’ skills and competence, as expected, but it
is a strong indicator of partners’ competence when visibility is extended beyond 2nd
tier supply chain partners. Interviewees stated that although end-to-end visibility, in
particular to logistic service providers (LSPs), is requested almost as a mandatory
partnership condition, those partners that can provide real ‘near-real-time’ visibility,
through their information system integration, had been historically proven to be more
competent. The challenge though, of ecosystem visibility has been indicated to lie at
the material suppliers. Information system integration and process redesign challenges

are much higher when ‘near-real-time’ visibility is referred to the level of 2nd tier
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material suppliers and beyond. All interviewees stated, that although rare, if this status
can be proven then it is almost certain that their direct 1st tier material supplier could

deliver results as requested.

“For LSPs, end-to-end visibility is almost always requested and agreed. The
challenge is how efficient and how time consuming is this process. With our partners
we usually face the challenge of multiple system integration and communication loops
that involve their partners and do not allow us to streamline the process”

“It is really rare to achieve ‘near-real-time visibility ' to manufacturing procedures
with our material suppliers. For those that can provide that service we are absolutely

confident that they can deliver even better results than expected”

4.1.2 Knowledge generated by supply chain data openness at ecosystem level.

DLT transactions reinforce knowledge creation and enhance member capabilities
co-evolution. The way that data are accessed, the transparency and visibility
demonstrated offer DLT network members the perspective to exploit data and create
new data driven knowledge. In DLT networks future participants are incentivized both
by knowledge creation prospects and access to collaborative knowledge promised to

reinforce the validity of their data driven decisions and evolve their capabilities

4.1.2.1 Visibility at ecosystem level and operational performance.

First order concepts revealed that end-to-end visibility into material and LSP
suppliers not only allow manufacturers to adjust their supply chain plans and
synchronize their respective actions with the partners to achieve operational efficiency,
as expected, but has been proven to be an important knowledge generator factor.
Although ‘near-real-time visibility’ would be an ideal situation, access to trusted data
deep in the supply chain at ecosystem level, would allow the manufacturer to analyze
information collected, build on that and create new knowledge. Informants mentioned
two main aspects on that prospect. The first is their capability to foresee deviations and
risks and act respectively. The second is their opportunity to ‘know more’ about their

own processes and best practices and improve. However, it is important to mention that
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the main doubt raised by interviewees has been how much they can trust that
information. Meaning that, the further and deeper we look into the supply chain, the

more actors are involved and more information bias is expected.

“The deeper we can look into the end-to-end supply chain operations, the more
efficiently we can synchronize our actions to foresee and avoid and deviations.”
“It is not only about elaborating on our partners’partner data but we need to

make sure that we work on trusted data”

4.1.3 Supply chain partner's integrity

Apart from collecting information from social network about manufacturer’s supply
chain interconnected actors’ behavior, access to complete trusted data and evaluation
of data integrity has been proven to be a key indicator of partner’s integrity. Consistency
of partners words and actions can be proved through visibility of the respective data

kept.

4.1.3.1 Confidence on partner’s evaluation reliability

When future supply chain partners feel confident, they can meet tender
requirements, they promise that they have the ability to deliver results requested, under
specific norms and conditions and that no trust integrity concerns will come up. On the
other hand, and the manufacturer has in place specific mechanisms to evaluate future
partner’s ability. Hence, integrity is based on intentional choices. Informants mentioned
that evaluating partner’s data integrity and completeness can be the same enlightening
in their effort to evaluate overall partner’s integrity overall, as to collecting information
from social network. Data accuracy and consistency have much to reveal about the
decision-making processes of the future partner. Apart from evaluating its capabilities,
data integrity exposes candidate partner’s attention to data driven decisions and the

level of its internal organizational efficiency (Carling, 2019).

“Social network is an important source of information when we need to evaluate
our partners’integrity but access to trusted data has much to reveal. Complete and

’

well-structured data would prove candidate partner s intentions.’
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“Would you trust a positive recommendation, even from a trusted recommender, if
your insights into your partner s data demonstrate low data accuracy and
consistency? That would probably be too risky.”

“After all, if you cannot prove it then it does not exist and that applies also to

intentions and behavior.”’

4.1.4 Impact of actor's trust and dependency on partner relationships change.

Interviewees indicated that data openness triggers higher level of visibility and
transparency but when established trust thresholds are not met, then the relationships

among interacting entities are affected for specific supply chain roles.

4.1.4.1 High trust threshold as established relationship game changer only for
selected actor roles

Trust among supply chain partners based on access to trusted data has been found
to be a key driver of partner relationship change, irrespective of partners’
interdependency. Based on our data, manufacturer’s partnerships with their material
suppliers and outbound LSPs have been proven to be prone to change, according to the
trust level established due to data openness achieved. Irrespective of their inter-
dependency, meaning weather they are key or non-key suppliers, when high trust
thresholds are violated, then partner substitution dilemmas emerge. This is not the case
though, for non-key LSPs and for market intermediaries that seem to be more resistant
to trust level changes due to data openness. It is also important to mention that
interviewers seem to recognize the added value of the end-to-end visibility for LSPs.
However, when non key LSPs do not have the intention or even the ability to open their
data, then this does not seem to change much in their relationship with the

manufacturer.

“Ideally data openness would establish higher trust level with our material
suppliers and would subjectively frame our decision to substitute one supplier with

another that is believed to have the same performance but would allow us to access
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its trusted data. May be that is one reason why accessing trusted data is still an issue

and requires a big effort from our side with focus on selected critical suppliers.”

“Market channels are not easy to be substituted since this might affect our
relationship with the customer. So as long as they meet the targets set, we do not seek

for extra transparency and visibility. ”

4.1.5 Trust as partnership decision maker

Trust is the social glue that holds business relationships together. For specific actor
roles, data openness as a future partnership condition is considered as a mandatory
prerequisite. However, access to trusted data and not data openness is the overall issue

at stake.

4.1.5.1 1 Data openness and partner interdependency for non-established

Data openness and trust established among the manufacturer and its inbound and
outbound supply chain partners, through the transparency and visibility created,
facilitates the partnership decision making process. Yet, in general it is not a partnership
decision making factor. Interdependence among actors seems, based on interviewees
replies, to weigh more on that kind of decisions. Key LSPs and material suppliers seem
to be expected, almost by default, to open more data to the manufacturer than any other
inbound and outbound partner. The extant best practice for those two partner categories
is that data openness, to the extent possible, is a prerequisite yet at the tender phase.
Thereupon, all interviewees mentioned that a mechanism which would allow access to
partner’s data for those two categories would be what is missing. Manufacturers’

intentions seem to converge to the following statement of an interviewee.

“No data openness for key inbound and outbound partners, then possibly no
agreement”

Although almost all informants mentioned that data access and transparency is the
new hot field of supply chain digitalization, it is still premature to demand it from all

ecosystem partners interacting with their supply chain. On the top of that, interviewees
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seem to agree that it is too early to ask for it from their non-key suppliers. As for the
market intermediaries at least for the mid to short term it remains a ‘nice to have’, rather

than a ‘must-have’ capability.

“After all most digitalization efforts that are referred to opening and share our

’

data have been implemented with focus into our key Ist tier suppliers.’

4.1.6 Integrity through data privacy

Irrespective of the benefits promised by DLT, data privacy and the respective
integrity are of major concern by both manufacturers and their future partners. DLT
needs to demonstrate flexibility into opening or withdrawing specific pieces of
information to the network based on the actor relationship dynamics. That adaptability
has been found to incentivize to a massive extent all actors’ intention to adopt DLT at

supply chain level and be part of the respective business ecosystem.

4.1.6.1 Data protection through rules and contracts

Although visibility and transparency promised by DLT solutions, seems to be a
major trust catalyst, our data indicate that data privacy and data leakage concerns are in
the center of interviewees attention. When ecosystem relationship dynamics inevitably
lead to relationship changes, then the need for data privacy seems to be of high priority.
On the top of that, the more dependent a manufacturer is by its partner or the more
dominant one of its partners is in the same ecosystem, the higher the importance for
data protection. GDPR, Non-Disclosure Agreements (NDAs) and strict contractual
agreements are almost always in place to prevent data leakage, especially to
competitors. It has been clearly underlined by all interviewers that any mechanism
dealing with data management and data openness needs to meet data privacy
challenges, have the flexibility to combine off and on network data and allow data
visibility cut off when significant relationships changes occur. For instance, in the case
that a key supply chain partner exits the relationship established with the manufacturer
and creates a partnership with one of the manufacturer’s competitors.

’

“We cannot overlook data privacy for the sake of data openness benefits.’
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“In a highly dynamic environment our relationships are always subject to
intentional or unintentional change. Our data are our assets and based on the

relationship set up we need to adjust the level of data access and visibility.”

4.1.7 System architecture design

DLT implementation would enable transparency on interacting parties’ supply
chain related activities that is expected to support their intentions to improve operations.
Attention to transaction design has been found as a fundamental element of DLT design
that would allow all interacting parties to realize the benefits promised by DLT
implementation. Any architecture design gaps might destroy actors trust into the system
and consequently make them skeptical to join the network, since cost and risk might

outweigh the benefits.

4.1.7.1 Benevolence based trust.

When a tier 1, tier 2 or any other ecosystem partner underperforms then mistrust
concerns raise, irrespective if this is a temporary situation or not [78]. The same applies
when integrity issues come up and consequently trigger mistrust. Established
partnerships signal, by default, that at least some level of trust had initially been in
place. All efforts to reestablish trust, either through corrective actions that aim to
improve performance deviations, or through behavior that will eradicate integrity issues
that came up, need to be considers based on what some interviewees mentioned as
“actionable willingness to improve”. A mechanism, usually backed up by an
information system, supports the monitoring of improvement efforts and allows
decision makers, through measurable results, to continuously audit the progress
achieved. The system architecture must be in position to facilitate efforts taken by both
parties in a transparent way. When mistrust has been raised there is no space for
misunderstanding, false data analysis and misleading conclusion. Transparency on any
root-cause analysis, clear undisputable data along with clear intentions for

improvement, are fundamentals in the trust restore-effort. Benevolence has been proven
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by our data to be the trust variable (Hofer, Knemeyer and Dresner,2009), that is not

only impacted but has to be proven through transparent trusted transactions.

“When mistrust emerges, clear intentions proven through transparent
undisputable conclusions is the key. There is no room for any error, even

unintentional, until we reestablish trust.”

4.1.7.2 Expected benefits vs cost for transaction design.

Any change in the way that companies interact, exchange and share information is
a painful and resource consuming process. System architecture interventions that will
holistic or partially change the data exchange process need a lot of attention to
transaction design. According to our findings, manufacturers are willing to take that
step, if the expected benefits overcome the data privacy concerns and they have the first
say over the process design. The probability of the high cost of any such system
architecture change or intervention, along with the prospect to share or roll over that
cost to their partners have been discussed with the interviewees. The parameter of cost
has been surprisingly found to be of much less importance than expected. The focus
has been clearly stated to lie in the system architecture design. The latter is expected to
allow the benefits of DLT implementation to be realized and is required to demonstrate
some flexibility to meet all interacting parties’ expectations and lift data privacy

concerns.

“That kind of innovations must be carefully designed so that they meet our
expectations and data management concerns. I am confident that this, rather than the
expected total cost of the solution, would be the major challenge also for our partners
who will be asked to get engaged,”

“It depends on the expected benefits. When we think of a new way to exchange
and access data, I can think of some highly promising occasions that the benefits

)

would overrule budget restrictions.’

4.1.8 Information asymmetry
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One of the major and stronger DLT adoption drivers at supply chain level has been
proven to be the elimination of information asymmetry. However, data openness has
also been proven to go hand in hand with trust control. The latter has been found to be
the condition that needs to be met so that risk from data openness is mitigated, while

information asymmetry is the ultimate scope.

4.1.8.1 Trust and control

Interviewees have been referred to the need of trust between interacting actors but
have further underlined the risk involved in interactions and the need for control. Data
openness and transparency is expected to increase the confidence of trustees. The
parameter of risk in DLT transactions has been raised by interviewees, especially in
highly dynamic environments. Trusted intermediaries can be removed only if the risk
factor will be adequately addressed by their replacement. Because interactions by
default involve some degree of trust (Lewicki, Tomlinson and Gillespie, 2006)
informants underlined the need of control. Data openness, visibility and transparency
will facilitate control over possible deviations and allow control over manufacturing

partners compliance with prescribed standards.

“We need to control those transactions with our partners, that our in-between
system integration has not managed to deal effectively with supply chain information

coordination.’

“Transactions with unfamiliar partners carries risk that we need to control.”

The fact that a supply chain actor possesses more, better or complete information
about an element, does not only raise barriers for efficient supply chain
synchronization. On the top of that it might lead to opportunistic behavior. Interviewees
mentioned that control over those actors and processes that are sources information
asymmetry should be the focus of a new solution that promises trust and
disintermediation. Informant answers revealed that, when manufacturers have the
power to achieve visibility into their partners’ supply chain operations and the

respective data without opening more data than usually by following a need-to-know
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approach, they will act accordingly. Let alone if they are in position to take advantage

of their ecosystem position and exercise, if needed, their influential power.

4.1.9 Exercise of influence

All interviewees converged to the conclusion that achieving high level of trust with
their supply chain partners does not conceal the danger to become more tolerant to any

kind of deviations due to their relationship established.

4.1.9.1 Trust and control

According to our data, inbound and outbound partner dependency, role and
ecosystem position will not affect manufacturer’s control mechanism irrespective of the
trust level achieved among the interacting entities. Based on interviewees’ answers, key
and non-key supply chain partners, irrespective of their dominant or niche ecosystem
position (Moore, 1993), seem not to have the power to bend the prescribed metrics by
the manufacturer, even if they are highly trusted by the latter. Exercise of influence on
behalf of the partner, based on actor’s ecosystem position or his key role in the
manufacturer’s supply chain, flourishes when transactions lie in transparency grey

zones and that in turn, triggers ambiguity on identified supply chain deviations.

“High level of trust will facilitate our control over our supply chain partners but
this does not mean that we will lie into a trusted relationship and become more

’

tolerant to deviations.’

Data openness impact, under the context the network effect created, due to the
expansion of the respective ecosystem, has been discussed with the interviewees and
revealed a benefit vs risk dilemma. Balance on that dilemma seems to be a central
decision-making notion for the interviewees dilemma to open more data than usual in
order to attract more partners. Our data revealed that manufactures will exercise their
influential power, if they can, to avoid opening their internal data but ask for their
partners to open theirs. However, the same case though inverted, might apply when
actors, that they wish to collaborate with, have the advantage of expertness or their

dominant role in the supply chain network to negotiate from a position of strength. The
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bottom line is that power dynamics play a significant role in ecosystem expansion
through data openness and what seems to weigh more is the benefit vs risk calculation.
The risk stems from the privacy concerns of opening more data or from not doing so

and miss important partnership opportunities.

“Our partners know that opening more data allow us higher visibility and control,
among other, and this is not always an incentive for them to do so, unless we make it
mandatory for our collaboration.”

“If opening more data than usual is necessary to attract the partners that we wish
to work with, then we can think about it but we will need a mechanism to meet our

data leakage and data privacy concerns”

Although ecosystem expansion through data openness does not seem to be of a
significant concern for manufacturers, their propensity to data openness with their 1st
tier material suppliers and LSPs is evident. Value creation and value proposition seem
to weigh more in manufacturers’ decision to reform their data management and data
share practices but only to the extent they maintain some control over the process and
the relationship with their partners. Expanding those practices to ecosystem actors that
lie ‘beyond arms reach’ has been identified to be applicable only for customers and not
for any other ecosystem actors. Based on our data power dynamics seem to favor
customers, that are in position to affect manufacturers data openness decision, for the
sake of even temporarily gaining higher visibility into areas that affect manufacturers

value proposition attributes of their interest.

“Would dare to say that if our customers require more visibility and transparency
then we, then we will demonstrate little resistance into opening more data than
usual.”

“We will work together with our 1*' tier suppliers to share more data, if necessary,
to improve our supply chain operations but going beyond that level, to partners that
we cannot control directly is a nice to have case. However, I really doubt whether we

)

will consume any resources into that direction.’
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4.1.9.2 Need to know basis.

The role and position of manufacturer’s partners seems to play significant role in
its decision to data openness. When data need to be shared among two dominant
players, the expected benefits do not seem to completely lift the concerns that are
related to partner’s data management capabilities. It is another indication that
manufacturers hesitate to open their data to partners that, at least to a large extent,

cannot control or even govern the relationship with them.

“In the case that we cannot actually control the relationship with our partners we

’

cannot actually control how they will manage our data.’

Manufacturers in regulated industries seem to be hesitant to open more data than
those shared with regulatory bodies. The control over the relationship with their
partners and the commitment created when data are opened to regulatory bodies, make
manufacturers skeptical to share more with any other partner. Consequently, the rules
of data exchange are to a large extent framed by the rules that the regulatory authorities

impose.

“We already open our data to authorities and some of those data could also be
opened to our partners.”
“We need to be really careful what data we share with our partners, since we also

’

share specific data with authorities.’

Some interviewees stated that bringing visibility for all partners at the same level,
that would not go beyond the data opened to authorities, would be highly desired to the
extent that data openness would facilitate the proof of supply chain conformity to
regulations. Those manufacturers stated that they would clearly push their partners

towards this direction.

“Since we need to prove our supply chain conformity to regulations and standards
set by authorities, would be resource saving to achieve visibility through data

openness with all our partners.”
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4.1.10 Business expansion.

Business expansion has been found to be the lucrative resistant strategic intent that
raises data privacy and risk concerns. To the extent that DLT adoption at supply chain
level is viewed as the mean or incentive for business expansion, then manufacturers are

keen to support DLT adoption, even by taking higher risks than usual.

4.1.10.1 Data openness based on congruence between benefit and risk.

Apart from streamlining their supply chain operations and improving their
performance, one of the most highlighted factors that, based on our data, lifts most of
data privacy concerns is business expansion. In the case that partner base expansion, by
incentivizing more actors to join a network of high data visibility and transparency
through trusted data exchange, scopes to new market entry and exploration of new
business and market opportunities, then data openness concerns seem to bend. This
specific characteristic revealed by interviewees is not directly related with the trust, as
relationship factor, among interacting parties. It lies more into the need for reliable
trusted information, which is necessary for manufacturers to deal with the risks and the
ambiguity related to business expansion. It is yet another indication that for strategic
decisions, such as those related to value proposition configuration, manufacturers are
keen to take more controlled risks. For any such decisions related to open more data

than usual, organizations weigh the congruence between benefit and risk.

“Accessing new markets or exploring new market opportunities involves taking
risks and data openness in a transparent and trusted way is a risk that we consider.”

“Accessing trusted information when it is about expanding our business, whether
it is about market data or how to access new markets or introduce our products, is
priceless “

“We would open more data to attract more partners for specific reasons such as

)

those related to new products launch and in particular into new markets.’
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4.1.11 Data openness as barrier to ecosystem expansion

Manufacturers seem to demonstrate higher propensity to open their data to their 1st
level supply chain partners but are skeptical, in general, to act respectively to interacting
actors beyond their expanded business network at ecosystem level, unless specific

measurable proofs exist.

4.1.11.1 Need-to-know basis.

Data privacy concerns demotivate manufacturers to be involved in a network with
actors that cannot control data share. Most interviewees, as expected, mentioned that
their attitude is to share and open only whatever data are necessary at the time that this
need emerges, unless specific circumstances come up. Business expansion and data
openness to 1st tier suppliers that manufacturers can control is the main conclusion
derived from our data. At that point it is worth mentioning that due to the specific
characteristics of DLT, the ecosystem that emerges when DLT is adopted needs to be
constantly expanded so that the network effects created guarantee the sustainability and
the security of the ecosystem (Pilkington. 2016). Based on that axiom it seems that the
manufacturers need to weigh the expected benefits to take the risk and move beyond
the ‘need-to-know’ basis as their data openness attitude. Motives such as value
proposition configuration and added value on supply chain efficiency has been proven
to list some of the data openness concerns but what seems to be needed are measurable
proofs that data openness, ecosystem expansion and expected benefits far outweigh the

risks.

“We need solid reasons to share our assets (meaning the data) with unknown to us

entities. In any case we share whatever is necessary when any such need emerges”

4.1.12 Relationships with high risk

DLT is viewed as the mean to allow flexibility in the case of relationships with high
risk. DLT architecture that would support combination of data kept on and off the

network is viewed as the vehicle to drive relationship re-establishment and allow
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flexibility under the terms of gradual data openness when risk concerns arise. At the
beginning of a relationship manufactures view DLT as the mean that will allow them to
elaborate on other trusted actors’ data and asses the expected risks in their decision to

proceed with partnerships with other, unknown to them, supply chain actors.

4.1.12.1 Partner dependency criteria for data leakage prevention

Interviewees seem to hesitate to view data openness as the mean to create more trust
and improve their supply chain operations, when their 1st tier material supplier is
cooperating with any of their competitors. In most cases, as mentioned by informants,
it is inevitable not to establish partnerships with material suppliers that are also working
with competitors. However, the power of influence and the dependency, that the
manufacturer has over its material supplier will determine any data openness decisions.
Apart from 1st tier material suppliers, for any other ecosystem actor, inbound or
outbound supply chain partner, data openness does not seem to be affected by the

partner’s established relationships with manufacturer’s competitors.

“We do not pay that much attention whether our partner is cooperating with any
of our competitors, unless it is about our key material suppliers.”

“Data openness is a way to build trustworthiness with our material suppliers and
facilitates any supply chain improvement effort. However, when they are collaborating
with any of our competitors, we need to be very cautious on what data we open and

when.”

4.1.12.2 Trust threshold to re-establish supply chain partner relationships.

Data openness and visibility have been revealed to be key prerequisites when
manufacturers try to re-establish broken relationships with their supply chain partners
and other ecosystem actors. Those relationships involve, by default, high risk, since
they have already been disrupted once. Interviewees mentioned that to prevent it from
happening again, higher trust thresholds need to be considered and data openness,
visibility and transparency between interacting parties with little or no trust does not

only facilitate that effort but is a prerequisite. In addition to information sourced by
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social network information transparency needs to be established through data proven
evidence. This has been proven to be a prerequisite set by manufacturers not only at the
beginning of the new era of the relationship, but its status needs to be monitored closer
and for longer time than usual. High risk relationships has been proven, based on our
data, to need more effort to be fixed irrespective of the actor’s dependency, ecosystem

position and influential power.

“We need trusted evidence that we can re-establish effective partnership with a
vendor and we also need to monitor it closely than usually”

“Irrespective of the reason of a broken relationship and the role of the partner to
make it work again, we need to establish much more trust than we initially did. This
time we need to make sure that mutual expectations will be met and it is important to

realize beforehand that both parties are motivated towards it.”

4.1.12.3 Social network source of trust

When partnerships, even temporary, need to be established among competitors,
some form of trust is being built based on predictability. The latter is the trust variable
that underlines the ability of one party to forecast another party’s behavior.
Predictability, under the context of a trust variable, has been mentioned by interviewees
to mainly rely on social network (Doney and Cannon, J1997). If a social network exists,
the unknown agents are connected through a series of intermediate agents that allow
computation of trust evaluations based on recommendations and reputation.
Elaborating on the social network dimension of the information source, one partner can
make cognitive predictions as long as there are trusted intermediaries that are willing
to share that information. Transparency and trust established among interacting parties

allow actors to be more open into sharing information about 3rd parties.
“In an interconnected supply chain environment, it is not that difficult to get some

feedback for a partner candidate through your extant partners, as long as they are

trusted and are open to share that information”
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Data openness might be a strong incentive for 3rd parties to collaborate with the
manufacturer, but privacy and data management are concerns that affect manufacturer’s
data openness decision making. Apart from the technicalities of the mechanism, which
will ensure data leakage protection, data openness decisions are related with the
intentions and the integrity of the interacting parties. For unknown to each other actors
a useful source of information can be provided by trust sources within a social network.
Decisions based on stereotypes, recommendations, as well as system neighborhood and
system reputations allow interacting parties to predict the behavior intentions of their
perspective future partner (Sabater and Sierra, 2002). This intention-based trust that
relies into social network references has been mentioned by interviewers to affect their
decision to open their data to future partners. On the top of that, it also affects
manufacturer’s propensity to open more data than usual to incentivize specific
ecosystem actors to collaborate with them. Our data also revealed that social network
as source of trust plays a significant role in collaboration characteristics irrespective of

the role, the dependency and position that actors hold in ecosystem.

“Beyond system technicalities specifications it is important to assess candidate
partners integrity and intentions before we share more data than usual. The

’

candidate partner is also expected to be the same open as we are to share his data.’

4.1.12.4 Data openness based on congruence between benefit and risk.

Manufacturers’ decision to open more data than usual to unknown ecosystem actors
includes benefit-cost calculations. Even in partnerships that are of high risk, since no
established relationship exists or not highly trusted information from social network
can be easily identified, calculations that are based on benefit vs cost balance, bear the
weight of the decision-making process. Interviewees seem to converge into the fact that
even in that kind of relationships if the expected benefit is much higher than the cost,
such as the cost of a lost opportunity, then they are keen to open their data but for a test
period only. It seems that under these circumstances, manufacturers identify the strong
expected benefit of transparency and visibility promised by data openness but wish to

take a control risk.
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“In a situation with high risk we can start with the vendor onboarding phase and
for a ‘test’period gradually share more data than usual. After that we will re-evaluate

the results and proceed respectively”

Another finding that emerged from our data is that improvement of value creation
and value proposition seem to weigh significantly into manufacturers’ decision to open
a substantial amount of data to external entities. Customers and 1st tier supply chain
partners seem to be prioritized in this endeavor. However, a new finding is that there
are concerns about how much can manufacturer’s partners build on data opened.
Meaning how much they can enhance their capabilities through new knowledge created

to the extent that manufacturer’s negotiation position will be diminished.

“By opening our data we share part of our know-how and that might be proved to
be a drawback for is in future negotiations. We want to work together with capable

and competent partners but what if we end becoming too dependent on some partners.

4.2 Single-case study research findings regarding mRQ2

In this section, we describe our findings that emerged from the data in relation to
the five (5) overarching themes we inductively identified as presented in Figure 8. These
themes put the notion of trust in the center of DLT adoption causation at in-house supply

chain level.

4.2.1 Single source of truth

The first theme identified was the need for single source of truth that would
eradicate the inefficiencies occurred when multiple sources of data need to be
combined. Even in a supply chain with high level of information system integration,
information from multiple sources need to be synthesized, analyzed and be converged
to conclusions that should ideally raise no arguments. Irrespective of the easiness of
data access, since they are kept into trusted in-house information system solutions e.g.,
ERP, and the level of data contractions, the loads of data may trigger inefficiencies in

respect to data source combination.
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4.2.1.1 Aggregation of different sources of evidence

Interviewees underlined that for daily operations there is quite high level of
information mining automation through rigid, predefined standard reports and
standardized data flow exchange. However, the main mechanism that validates the
efficiency of all processes across all departments is the multiple periodical audit system
that runs all in in-house supply chain levels. It has been referred by all interviewees as
the mechanism that brings to surface in-house supply chain inefficiencies and is the
main information source for their evaluation that will further indicate the appropriate

preventive actions.

“We audit everything thoroughly and periodically, from sitting next to each
workstation at the assembly line all the way to evaluating supply chain performance

at mid and senior managerial level.”

Effective combination of internal and external audits at all supply chain processes
such as production, system, 5S, lean practice efficiency, quality audits, supply chain
risk assessment etc. is performed in a steady cycle, that varies according to the audit
type from one week to two years. The audit process engages all supply chain
departments at all levels and provides an in-depth insight of all supply chain procedures.
This vital process however has been mentioned by most of the interviewees to be quite
exhaustive and resource consuming, in terms of preparation and execution. Audit
simulations and some data analysis rework is often requested to crosscheck findings.
Auditors have access to the requested information system even prior to the execution
of audits for their own preparation purposes. Data are analyzed and presented to all
stakeholders before, during and after the audit. At the end of the process a consensus
on the findings and the actions that will come up has to be reached. Based on such a
well-structured process, which relies on high data visibility the findings would expect
to raise little or no debate, since data speak for itself. However, it has been found that

thus is not the case.

“We record almost everything and we know that we do not have false or

contradicted information in our systems but interpreting them is another thing”
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“The truth is in our data and we know that we have loads of them but sometimes

it is hard to come to a consensus when we argue on findings based in them”

Aggregating different sources of evidence leaves ground for miscalculations,
misinterpretations, and different evaluation of the findings. A finding raised by the
interviewees, that is based on different sources of evidence aggregation gaps, is the way
that external contractors’ contracts that operate in house are executed. In the case of a
pay-per-use equipment or a fixed term contract executed in-house by external entities
the contract follow-up and implementation from specification conformity to payment
processes is monitored based only on company’s data. Standardized, predefined data
gathering processes are in place but only with data collected by the company’s own
resources. Crosscheck with service provider data is seldom requested and although
arguments do not happen often, when they emerge, the reason is that company’s
collected data deviate from the data collected by the contract service provider. The
interdependence between the manufacturer and the service provider, the position of
each company in its respective business ecosystem and their power imbalance, leaves

space for various argument settlements.

“It does not happen often to have deviations in our data compared to those held

by out contractors but when it does, we work on it on a case-by-case basis”

4.2.2 Data-driven decisions.

We identified the need for data driven decisions as the second main theme. The
main difference between that theme and the previous one, meaning the single source of
evidence, is that the latter leads to the former. Trusted data that stem from the existence
of single source of truth, affect the factors that influence data driven decisions at in-
house supply chain context. Investment reasoning, that targets into putting in place
corrective and preventive actions to diminish production related deviations, root
causing of Service Level Agreement (SLAs) variances and elimination of productivity
KPIs ambiguity, are the second order concepts which fabricate the data driven

decisions.

4.2.2.1 Ambiguity on productivity KPI evaluation at ecosystem level
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All interviewees engaged in the production system indicated that, on daily basis,
productivity and quality are the outmost important concerns. Although operations
managers receive daily production reports for those issues, in the form of key
performance indicators (KPIs) and other descriptive reports, it has been observed that
there might be factors which affect productivity that are neither recorded nor included
in those reports. That allows the creation of a grey zone when productivity KPIs are
analyzed and the root cause effects of productivity performance deviations are
investigated and discussed. Productivity metrics are more composite compared to other
metrics, such quality metrics, in the sense that more factors that just production output
numbers need to be considered for their calculations. Tracking and measuring
production system efficiency drives performance improvement decisions. High level of
data record does not necessarily guarantee the accuracy of the calculations of those
metrics. Tasks can go unfinished for a bunch of reasons that might haven’t been
recorded and the respective KPIs can mislead the decision makers. In that case more
effort is required by the decision makers to spot and verify the reasons of productivity

deviations as reflected by the calculated metrics.

“Sometimes in our daily meetings we have to keep notes on incidents referred by
production supervisors that might affect productivity KPIs, and you need some

experience to guess which incident might affect.”

4.2.2.2 Investment reasoning

Although many well-structured audits are in pace, no matter how efficient they
might be, their periodical nature leaves space for inefficiencies that are not brought into
surface. Audits focus on data and processes but with a sampling logic. Investment
decisions are taken on specific time over the year but as all respondents mentioned,
periodical investments occur mid-season, if necessary, since there is always budget
available for specific reasons. Apart from investments that are by default required in
the case of new product designs, new production specifications and any other supply
chain capability and capacity upgrade that is designed as part of a strategic plan, there

are investments driven by supply chain evaluation and audit results.
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“It is not actually often to encounter problems that have not been spotted in audits
or in daily operations and have been overlooked, even those that their solution
requires some low budget. In some case though we discovered that minor repeated

problems solved on the spot concealed larger problems that came to surface later”

Respondents mentioned that in some cases in-house supply deviations inefficiencies
that are corrected on the spot, meaning relative quickly, are not revealed in audits. Those
inefficiencies sometimes conceal larger malfunctions that might come up in the future
to the same or larger scale. Any such decisions usually come at higher cost since they
embed the risk of a fire-fighting solutions Hence, apart from the cost aspect, there is
some risk when they are not brought into surface and analyzed through a well-structured

process, e.g., audit, that involves many stakeholders.

4.2.2.3 SLA deviations

One source of SLA deviation has been observed to be the visibility into vendors’
data and the decisions that must be taken based on that. Although this case falls mainly
under the information asymmetry theme, that is presented in the next paragraph, we
will refer it here recognizing the direct relation between SLA deviations and data driven
decisions. Data exchange between the company and its vendors, as well as visibility on
1t and 2 tier suppliers assist all parties to enjoy an on-time, at the right place and a
right product delivery. Focusing on the first the informants mentioned, as expected, that
timely inbound receipt of supplies is critical for in-house supply chain operations and
in particularly for production system operations. They also mentioned that most supple
chain inefficiencies have been spotted around that part of the supply chain. What is of
particular interest here is that the company recognizes the possibility of time deviation
regarding supply deliveries, takes efforts to work with the vendors to improve that but
also recognizes that although some deviations will still occur there are may be valid

reasons to keep cooperating with those vendors.
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“We work close with our vendors to improve SLAs but for some vendors we almost
know what deviations to expect and act proactively to stock on time what we need,
even though we sometimes get unpleasant surprises.”

“More production process information exchange integration with our vendors,

could save as some pain.”

Real time visibility on vendor’s data would give manufacturers the flexibility to
take overstocking or “stock earlier” decisions as a proactive action to reduce risk.
Inventory means cost. Investing in supplies and tying capital under the form of supplies
as a proactive measure to avoid vendors SLA deviations, are data driven decisions
triggered by the capability to forecast those deviations. Access to trusted vendors’ data
increases trust among interacting parties and leads to data driven decisions that mitigate

supply chain risks.

4.2.3 Information asymmetry

We identified information asymmetry as the third and the most highly influential
theme in the need for in-house supply chain DLT adoption. The fact that either some
departments internal to the company or the vendors possess more, better, imprecise or
incomplete information about an element leads to supply chain deviations and risks.
Information system integration plays a significant role in information access and
diffusion. In addition to that, efficient supply chains are majorly based in high end
information systems and demonstrate high integration with external and internal
entities. However, ‘near real time’ data visibility and elimination of visibility silos is
still a prerequisite. The questions “What is the minimal data to open?”, “What flexibility
do we lose vs what are the expected benefits when opening our data?” are stemmed by
the perception that “data are our assets”. Those concerns were raised by the informants
and even though they operate a highly efficient supply chain, which adopts best
practices and high-end processes, those concerns especially at higher managerial level,
were evident. The more the researchers dived in the lower levels of managerial
hierarchy the more cleared it became the need for actions and solutions that would
reduce information asymmetry. We aggregated the aspects of information asymmetry
into the SLA deviations, production disruption vulnerability, PPC revisions and intra-
group entities visibility silos.
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4.2.3.1 PPC reviews

Although the manufacturer demonstrates high level of trust in its upstream supply
chain vendor’s data, the lack or the limited visibility into its 1% tier supplier data has a
dual impact on the PPC revisions. PPC revisions are caused when materials are not
delivered on time. Another case is that when for any reason the manufacturer needs to
perform a PPC review within a short notice, he lacks all the information that would
indicate the approval or rejection of the proposed review. Manufacturer’s supply chain
demonstrates high efficiency, in terms of quality issues in material received by vendors,

so the PPC revisions concerns lie mainly in the factor of delivery time.

“We need to quickly run PPC review scenarios before we approve any and to do
so we need a lot of trusted information that is not only held internal to the company
but involves capacity, inventory, deliveries etc. of our vendors “

“Delays in material receipt is among the most common reasons to review our

’

production plan.’

The fact that there is not extended visibility in the whole inbound process, e.g.,
vendors dispatch information, 3PL handling, transportation etc. does not allow the
company, no matter how much they trust the information provided by their material
vendors, to assess the feasibility of a PPC review scenario. The manufacturer cannot
have a trustworthy close follow up when the PPC review plan requires tight time
windows until material receipt. On the top of that late material deliveries could cause
production planning disruption. Although the informants underlined that there is close
monitoring on inbound deliveries and that they perform highly efficient material,
inventory and MRP activities to prevent PPC disruptions, PPC reviews due to delays

can well be the case.

4.2.3.2 Production disruption vulnerability

We observed that although PPC reviews are happening with some frequency,
production disruptions had been a rare but not obsolete case. Some interviewees

mentioned that there had been cases that were close to cause production disruptions due
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to late arrival of critical materials. For critical materials there is close follow up on
deliveries, while stock levels and time windows have been set up and monitored quite
efficiently assisted by lean, e.g., VMI and Kanban, inventory management practices.
However, limited information system integration between the company and the
involved inbound supply chain partners as well as the restricted visibility into vendor’s

data, prevent the manufacturer to reduce even further production disruption risks.

“It has happened to find out that based on system dates due to unexpected delays
we would be out of stock for specific critical materials and had to take “red alert”
actions escalating rapidly the diagnosed problem to higher managerial level, so that

’

we take approvals for ‘‘for- fighting” actions to prevent production disruptions.’

Noncritical material inventory is treated and managed, in a different way and no
informants mentioned neither did the interviewers observed cases where non-critical
materials leaded to close-to production disruption cases. It is also worth mentioning
that quality departments had not been observed to be overshoot with quality deviations

of incoming material to the degree that would justify any production disruption.

4.2.3.3 SLA deviations

Lack of near-real time visibility on vendors’ data, such as inventory level, material
availability, production capacity attributes and service delivery availability, causes
deviations that depend on delays in material or service delivery. Frequent data exchange
and limited information system integration with vendors which procure critical material
for the manufacturers, mitigates the risk of SLA deviations but does not eradicate it.
The opinions of all informants converged in the fact that material delays are the main
reason for SLA deviations. Interviewers observed that the manufacturer has taken
actions to share data, in some cases in real-time, only with selected vendors that procure
critical materials. In some other cases periodical, although frequent manual data
exchange practices are in place to facilitate planning and inventory management
between the organization and selected critical material suppliers. For non-critical
material suppliers though limited data exchange practices are in place. Data openness
has been observed to include data sharing, only on behalf of the manufacturer and not

through a bidirectional logic.
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“Selected suppliers have real time access to our data but in most cases, we follow
up closely all our orders.”

“Most of our logistic service providers have the capability to provide end-to-end
visibility in their systems.”

“We expect delays because something went wrong and we take that into account

into our planning but we also want to stay in line with our leanness philosophy and

absorbing delivery fluctuations cannot always be acceptable”

The same applies for service providers that are involved in the inbound delivery
chain. Most of the material procured are under the ex-works incoterm, meaning that all
the way from seller premises to the company’s receipt point, the company bears the full
responsibility in the material procured. Service providers, such as 3PL, forwarders, last
mile delivery etc. do not actually provide un-interrupted end-to-end data but it depends

on the service providers’ capabilities to release any such fragmented data.

“As soon as the suppliers are onboarded and we believe that we put a lot of effort
to support them on that, the quality control through its regular procedures takes over
the weight of inspections and extra data are requested if our quality reports and the

respective KPIs indicate that something goes wrong.”

Another worth mentioning practice is that the organization, as expected, emphasizes
on the supplier onboarding phase, especially for suppliers that provide subassemblies
or perform some external manufacturing. Suppliers’ or external manufacturers’ SLAs
mainly focus on the time aspect of the delivery because that is the main cause of SLA
deviations. Collaboration between company departments, visits on vendor’s premises
and other activities contribute to the smooth vendor onboarding phase. Conformity with
specifications and particularly low level of incoming material rejections due to quality
deviations are the main concerns. As soon as the supplier is successfully on-boarded,
there is not any visibility on vendor’s manufacturing procedures and practices and
manufacturer’s Quality Control (QC) department becomes the first control point on the
material received. High level of trust on the carefully selected material suppliers has
been confessed, QC department is not overshoot and long-term relationships are

established, at least with the critical material providers. However, in the case of severe

pg. 138



quality deviations significant inspection effort and time-consuming procedures are
required. In that case bilateral access to trusted data would reduce the effort and the

consequences caused by a long-lasting resource consuming evaluation procedure.

4.2.4 Cross functional collaboration

The conditions under which internal departments collaborate and people with
different functional expertise must contribute into preventing in-house supply chain
disruptions has been identified as the third main theme. We present our data in
conjunction with the second order themes of external communication inefficiencies,

Information flow bottlenecks and production disruption vulnerability.

4.2.4.1 External communication inefficiencies

Although high information system integration at plant level is in place, that is not
always the case between the factories and the entities in general that belong to the same
group of companies. Apart from the group headquarters that have visibility on specific
parts of information at plant level, this is usually not the case for each production plant.
Although production plants are usually dedicated into the manufacturing of different
products, they need to collaborate with each other. Collaboration between plants at
operational level facilitates communication. When for instance one party holds
information, usually technical, on specific attributes that apply to production or design
issues and based on that needs to ask for further assistance or addresses a specific
request to another intra-group factory. High supply chain efficient organizations push
towards information system integrations at group level, to facilitate knowledge
exchange, e.g., same teams such as R&D design teams share the same design database,

since allowing more experts to access the same data facilitates collaboration.

“We get technical requests on specific equipment specifications by other intra-
group plants and sometimes although that we speak the same ‘language’there is some
misunderstanding, since not all respective data are clear and shared, although they

’

are in the same database.’
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Similar effects rise when communication between in-house supply chain
departments and vendors must be performed indirectly through other intra-company
departments, e.g., procurement. Information distortion, delays, unnecessary follow ups,
approvals to share data are root causes of communication inefficiencies, when entities
with different background are the gatekeepers of the communication. Apart from the
obvious effect of delay and an unnecessary chain of information exchange that must
follow rigid and controlled communication rules, trusted and fast exchange of
information without intermediaries would streamline would increase communication
accuracy and add more value to the respective processes by removing waste, such as

delay and unnecessary information exchange steps.

“We follow rigid standard procedures when we need to communicate with external
vendors. This sometimes makes the communication more difficult than it should be.
Especially for technical issues we end up sharing data with our partners because we
need to do so but interventions of intermediaries in that process often makes it harder

’

than it is.’

4.2.4.2 Information flow bottleneck

The importance of capturing customer feedback, evaluate it and extract conclusions
is obvious for every organization. Efficient supply chains make sure that this feedback
is captured and evaluated properly and timely, so that if any problem-solving actions
are required, those can be put in action in the shortest time possible. We observed that
a well-structured mechanism to capture customer feedback is in place, as expected.
Interviewees agreed that if any kind of problem-solving actions is required at any stage
of the supply chain, then that project will get high priority. What is worth mentioning

though, is how the customer feedback is diffused and communicated internally.

“Usually, customer feedback is directed to QC departments, if it is about technical
issues and after their analysis further actions are decided, either by the Q.C.
department itself or by higher management level based on the report derived. All
these deviations, if they are proved to be such, are discussed in periodical meetings

held for that purpose only.”
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The standard procedure defines a clear serial information flow path, where initially
one department, e.g., Q.C. if it is about technical issues, provides the initial customer
feedback evaluation analysis and directs who will be involved after that. Although
periodical meetings with many stakeholders are held and KPIs monitor any deviations
identified via customer feedback, there is a clear information flow gap that lies in early
data availability to the right people. The sequential information flow process contains
the risk that some value of customer feedback might be lost if the departments that
decide who will be involved in the process do not capture it. The safety net to capture
any such failure during the respective debriefing meeting is of some value but whatever
additional actions might come up afterwards will be at whatever cost this delay might
bring. In the case that external supply chain partners are involved in the deviation or
incident reported, those partners are pushed to provide feedback in very short time. Data
availability is achieved in short time, but the challenge is who is involved in the analysis
to follow and when. The organization needs to be confident that final reports do not
miss anything and are concluded as fast as possible and the reported sequential order

of information flow has a bottleneck yet at the very beginning of the process.

4.2.4.3 Production disruption vulnerability

Well-equipped and well-organized in-house maintenance department takes over all
1% level asset maintenance works, where applicable. 2" level and pre-scheduled
periodical maintenance on specific assets are delivered by external entities. However,
some informants mentioned inefficiencies in the coordination between production and
maintenance departments that are caused due to material and knowledge exchange
bottlenecks in the machine shop. Delays in identification of equipment problems,
problem investigations and troubleshooting have been mentioned to be cases of
production disruption. Data synchronization for all involved departments has been
observed that would allow a better balance between maintenance works and production
planning and would consequently reduce the risk of production disruption. This
conclusion is also applicable in the case that although some sophisticated modern
equipment would allow real-time remote asset operational data access from externa

maintenance providers, this is not the case. Access is allowed only in the case that

pg. 141



cause-effect analysis performed initially by the manufacturer indicates it but that comes

after the maintenance procedures have been initiated.

“It is rare to be honest to face production disruptions due to maintenance issues
however in some cases it has been proven that we were lucky that we didn t
experience a disruption and that has been discovered latter on after the maintenance
reports. We have built up a high-end maintenance know how. Our maintenance
service suppliers do have it as well, though and a better combination of both would

further reduce our risks.”

Production disruption vulnerabilities due to material stock-out caused by late
deliveries have been observed to be extremely rare. Interviewees agreed that their
information systems allow them to plan inbound material flow and stock replenishment
efficiently. The respective KPIs and inventory reports confirm that. However, some
interviewees involved in production system, mentioned that when a delay is identified
the departments that are in contact with the suppliers put their maximum effort to bring
it back to normal. Despite the efforts, sometimes, the lack of real-time information and
the lack of visibility and transparency on vendor’s data might mislead the manufacturer,
resulting in late communication of the expected deviation. Data communication and
trusted information diffusion to all involved parties would add another safety

checkpoint to prevent or even reduce the risk of production disruptions.

“We know that there are things that can go wrong in material delivery no matter
what effort s you take to prevent it from happening. From our end we plan and
monitor that process with strict processes but sometimes we focus that much into
trying to solve the problem at department level we do not involve early enough all

stakeholders”

Well-structured internal procedures enhance the control over the processes at both
financial and operational level. For instance, ordering processes, all the way from
technical approvals to financial approvals, document matching, receipt, quality control
and payments is mandatory to be very well designed and structured for an efficient and
effective supply chain operation. Control though, should not outbid against transaction

speed and timely execution of all interrelated processes. Late execution of transactions,
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e.g., document matching, due to several steps or long approvals increase the risk of
delays, e.g., in maintenance related material or service orders, that might cause

production disruptions.

“It is not really rare to keep an eye on our follow ups with other departments to
make sure that no delays will emerge.”
“R&D related changes need approval from headquarters and that can take more

time than expected.”

The fact that the company operates through a highly integrated information system
and all critical supply chain operations and performed through that system, allows for
timely information exchange between production planning and production system
stakeholders. Consequently, the supply chain phenomenon of coordination
inefficiencies between planning and production system departments, since the former
act as data feeder to the latter, has not been referred by informants neither has been

observed by the interviewers.

“We all have some stand-alone spreadsheets that supplement our work and there
are cases that the use of these data is even more critical compared to the data kept in

)

the central information system.’

However, some spreadsheets have been developed as supplements to the
information kept in ERP. Some interviewees mentioned that there had been cases,
although not highly periodical, that information kept in separate databases and not in
ERP had been misused, e.g., data in hidden folders had been overlooked, and
incomplete planning and material break down related data were passed internally to
production departments. The lack of an automated check point that would prevent the
execution of a transaction if incomplete information was identified, irrespective of who
has the authority to approve and execute the transaction, would increase cross

functional collaborations effectiveness.
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4.2.5 Competition

Competition contexts characterizes not only the mistrust on the real intentions
between the interacting parties but also fuels the imbalance between trustworthiness
and decision flexibility when it comes to data openness dilemmas. This overarching
theme is further analyzed through its second order themes, being PPC reviews and

conflict of interests.

4.2.5.1 PPC reviews

Lack of inbound material end-to-end visibility can lead, as mentioned earlier, into
PPC reviews. This is a conclusion drawn by all informants but what is of particular
interest is the reason behind it. Information asymmetry has been mentioned as an
overarching theme under the condition that trustworthy information is exchanged
between involved parties. In some cases, external material suppliers are incentivized to
favor one customer over the other, when they feel they are in position to serve both as
promised. Another case is that of a missed SLA on behalf of one of the entities involved
in the material delivery chain. The deviation can be easily spotted but may be too time
consuming to identify what went wrong when many entities are involved in the delivery
chain. Total SLA violations will always occur to some extent, but although usually case
the manufacturer can absorb the consequences, when an unexpected for any other
reason PPC review needs to be applies any such SLA violations might become a

showstopper for the review designed.

“It has happened, that some of our vendors did not serve us in favor of another
customer. It is not easy of course to identify any such intentions because our partners
know that we have low tolerance on that behavior, unless something really unexpected
happened but still. We are not actually happy to review our production plan due to

’

any such behavior but hopefully it is something that does not happen often.’

4.2.5.2 Conflict of interests

The situation described earlier that one vendor may favor one customer over the

other, apart from the obvious impact on PPC reviews demonstrates a clear conflict of
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interest between the interacting parties. Although large organizations have the power
not to allow it to happen or at least prevent it as much as possible, the possibility of that
phenomenon to appear occasionally is still there. All informants clearly recognized that
trustworthiness in transactions, visibility and transparency in information exchanges
are the keys to restrain any such incentives. Knowledge exchange between entities that
belong to the same group of companies in highly desired, as mentioned by all
interviewees. To make it happen does not necessarily need high end information system
integration and high level of data openness, since it can be achieved through other
technics and methods, such as workshops and seminars as discussed by informants.
However, collaboration at operational level needs to overcome data visibility silos in a
transparent and trustworthy way. For instance, collaboration based on raw material,
equipment spare part availability and lead time delivery are factors that should be
facilitated through information exchanges between production units or any other
entities that belong in the same group of company. Decisions not to act accordingly

need a solid reasoning and leave space for decision motive ambiguity.

“When we are in rush for equipment spare parts, if we can get them faster from
another intra-group factory that has availability in and does not need it rather than

’

from the vendor, we prefer the former instead of procure it from our vendor.’

In a large organization there is undoubtedly competition between the production
plants. The most efficient and most productive plants gain more attention to the higher
management, will potentially attract more investments and consequently will be
assigned with more contracts. High level management in group of companies take
actions to prevent this informal completion from impacting knowledge transfer and
overshadow the benefits of collaboration. Data openness and trusted decisions based on

that are of a major importance to this effort.

4.3 Single-case study research findings for subRQ2.1

In this section, we describe our findings that emerged from subRQ?2.1 data analysis.
As presented in Table 7 the 1% order concepts that are impacted by DLT adoption at in-
house supply chain level are segmented in two categories. Those that are impacted only

in the case of an unexpected event such as e.g., lean improvements, product change
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requests, unexpected material flow disruptions that could cause any kind of material
production flow change and those that DLT adoption affects production processes under
normal conditions. As explained in 3.3.4 section in our research, due to case study
finding generalization scope, we will consider only the second case. As in presented in
Table 7 the mRQ2 1st order concepts of ‘Lack of visibility on any of asset maintenance
service providers data’, ‘Inefficiencies in coordination with internal asset maintenance
& machine shop departments’, ‘Inefficiencies in internal (intra-group) communication
on technical subjects (intra group visibility silos)’, ‘Visibility of intra-group entities
(factories) data’ are related to DLT impact on OEE. Total Preventive Maintenance
(TPM) goals is to enhance equipment efficiency and this goal is measured by using
Overall Equipment Effectiveness (OEE) (Suryaprakash, M. et. al. 2021). It is therefore
obvious that all asset maintenance and equipment uptime related improvements that
have been identifies by 1st order concepts and lay the ground for DLT in-house supply
chain adoption are related to OEE. OEE is based on the aspects of availability,
performance efficiency and quality (Lesshammar, 1999). The first is related to
equipment failure and set up adjustment losses, the second aspect is related to reduced
speed and minor stoppage losses and the third sector is related to rework and start-up
losses (Singh, Khamba, and Singh, 2021). Based on informants’ feedback DLT is
expected to improve visibility to near real time trusted information held by other
processes, such as equipment planned maintenance, equipment breakdown forecast and
preventive maintenance planning, PPC reviews, and inventories held end to end within
the production processes. These factors allow production and maintenance planners to
adjust equipment uptime in a way that will increase OEE.

Data revealed that six (6) out of thirty-seven (37) production processes that are
involved in HA-OEM production flow had been found to be affected by DLT adoption.
The processes are marked Apdx Figure 7. The reasons behind the small number of
processes affected is that HA-OEM demonstrated OEE over 85%, which is the Japanese
Institute Maintenance standard (Nakajima, 1988), in all production processes and the
TPM plan that is operated by HA-OEM. That KPI indicates that HA-OEM employs a
highly efficient TPM plan that results in high OEE which doesn’t leave that much space
for improvement. This is another indicator that HA-OEM case is ideal for studying DLT
adoption at in-house supply chain, since one of the case study selection criteria had

been high supple chain efficiency that leaves no profound reason for DLT adoption.
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HA-OEM TPM plan is based on production equipment segmentation into two
categories, the AA and A.

The eight (8) processes that are executed with ‘AA’ equipment are depicted in Apdx
Figure 7. ‘AA’ equipment categorization represents the equipment that is critical for the
total production flow, meaning that either any breakdown will take too long to be fixed
due to the technological complexity of the equipment and the spare part availability or
that the equipment stoppage will cause more delays than usual. The latter may happen
due to the production line set up, if for instance the equipment is part of a manufacturing
cell comprised of more than one production process that will be immediately affected
amplifying the delays. ‘AA’ equipment bears the highest attention of TPM plan. All
other equipment with ‘A’ categorization represents the equipment that also need to be
highly overlooked and maintained, since any breakdown stoppage, malfunction etc.
will highly impact the production time, quality, and performance but the impact will
not be that severe as in any AA equipment malfunction. We found out that although all
‘AA’ equipment re related to processes impacted by DLT, it can be the case that there
are cases where processes with ‘A’ are also impacted by DLT, for instance the DTEC
process as illustrated in Apdx Figure 7.

Based on OEE impact of DLT adoption, the production flow attributes that have
been found to be affected, as presented in Table 9 and illustrated in Apdx Figure 7, are
related to WIP inventory kept between processes, buffer stock, inventory that flows
within first-in-first-out (FIFO) and inventory kept at S/M operations after the
production processes that have been initially found to be impacted by DLT adoption.
Based on literature, OEE and production batch transferred inventories are among
production processes factors that affect TT (Johnson, 2003). Buffer stock is defined as
a default locked value. Buffer or else safety stock is kept for safety reasons, machine
reliability included, and its value is not defined based on the production plan. Therefore,
for the process that are affected by DLT adoption the respective safety stock that is
assigned after those process is also affected.

Based on literature, improved OEE leads to reduced time needed to produce every
singly batch and consequently the inventory that needs to be held after the process will
be reduced as well (McKone, Schroeder, and O Cua,2001). Therefore, informants have
been asked to identify which production attributes will be affected based on the

processes that are expected to demonstrate improved OEE due to DLT adoption.
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At this phase research data revealed that fifteen inventories that belong in various
manufacturing streams are expected to be affected by DLT adoption. HA-OEM
Informants have been asked to propose an estimated range of inventory level between
+ 5%. After validating data derived by Plant A HA-OEM informants with Plant b, C, D
HA-OEM informants it came up that for processes operated by ‘AA’ equipment,
inventory kept after those processes is expected to be improved by 5% maximum. For
processes operated by equipment that belong to ‘A’ equipment inventory is expected to
be improved by 10% maximum, as presented in Table 9. Based on literature, based on
OEE improvement manufacturing delivery performance is expected to be improved
between 4,4% -14,6% (Kumar, Mani and Devraj, 2014; McKone, Schroeder, and O
Cua,2001; Poppe. et al. 2017). Since the proposed range in literature is within the
inventory level improvement range per HA-OEM manufacturing process, for
calculation purposes, researchers decided to follow a common practice followed in such
cases and consider the lowest threshold proposed in literature, meaning 4,4 % for al

inventory improvements (Dupuis, 1999)

Inventory impacted by DLT adeption VSM as-is eenien Rropostd bl
Expected impact | impact | category

FIFO after 'oven enamel’ cell 144 item- 0,15 d -4,4% 5% AN
s/M (after Epoyis Talil Prxd 1940 item- 2,61 d -4,4% 5% AR
Inventory of 'glued doors' after DTEC 300 item-1,06d -4,4% <10% AA
Inventry of 'glued basic doors' after KUKA 332 items -4,4% <10% AA
Invenotry of cavities 1044 item-1,06d -4,4% <5% AA
safety stock of 'cavities' after 'cavities firing max 262 item-0,26 d -4,4% <5% Aa
5/M of 'enamel basic doors' after 'oven enamel’ cell 540 item-172d -4,4% <5% AA
115 safety stock of 'HAGP' after "oven enamel’ cell 96 item-0,1 d -4,4% <5% AA
115 safety stock of 'Deep Tray' after 'oven enamel’ cell 480 item-0,49 d -4,4% <5% AA
115 safety stock of ' Tray Carriage’ after 'oven enamel’ cell 96 item-0,34 d -4,4% <5% AA
115 safety stock of 'Deep Tray Carriage’ after 'oven enamel’ cell 96 item-0,34 d -4,4% <5% AA
115 of '"HAGP' after 'oven enamel’ cell 1152 item-1,18 d -4,4% <5% AA
1S of 'Deep Tray' after 'oven enamel’ cell 1152 item-1,18 d -4,4% <5% AA
1S of Tray Carriage’ after 'oven enamel’ cell 480 item-1,7 d -4,4% <5% AA
JIS of 'Deep Tray Carriage’ after 'oven enamel’ cell 480 item-1,7 d -4 4% <5% AA

Table 9: Production processes impact after DLT adoption

For every process we recognize and depict in VSM three distinct times, that are
referred to the cycle time (CT), that represents how often a part is completed by the
process, the process time (PT) needed before and after the process’s internal WIP items
are manufactured. CT and PT are by DLT adoption, since they are typical attributes of
the process related with its technical characteristics such as the process or equipment

set up. Process’s PT is related with the demand quantity over the inventory kept before
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and after the process’s WIP within the process cell. WIP inventory is defined based on
the process’s manufacturing capacity and the stock keeping units where the unprocessed
goods are kept. Therefore, the sum of process’s WIP and the inventory kept before and
after the process remains unchanged irrespective of the process set up changes. It is
related with the process capacity and the production planning, thus not affected by DLT
adoption, since demand quantity is not affected by DLT adoption.

S/M after the processes that are impacted by DLT are affected in terms of items held
within those operations. S/M is affected under the valid assumption that if DLT were to
be applied then preventive maintenance could have been more accurate in terms of
planning and that would result in increased reliability in ‘AA’ equipment related to the
respective processes. Therefore, inventory kept after those process in the form SM set
up would have been reduced (Roda and Macchi, 2019). However, not all inventories
kept after process, even in the form of SM, are defined based on process’s reliability. It
can be the case that inventory is defined based on the planned operational time of the
equipment related with the process. For instance, “cut-to-length’ related equipment had
been decided to operate once per week. That decision had been made based on
inventory available for that process and is not related to the reliability of any process
but is related to the availability of the material. Another case that one process operated
by ‘AA’ equipment does not by default mean that inventories after the process will be
impacted by DLT is when those inventories are calculated based on the production plan
and are only too little affected by equipment maintenance that we will not consider it
for our study, For instance, inventories kept after ‘color painting’ and ‘white painting’
are calculated based on production schedule. Defective products could come up based
on specific operational failures of that process such as high humidity or errors in
positioning the panels in the conveyor belt. Such errors have been considered that could
create some defective products after the completion of the process and had been
therefore considered inventory calculations of the inventory kept after the process. It is
therefore obvious that DLT adoption would impact those inventories.

Production planning per product type is defined based on raw material availability,
as depicted in Warehouse Inventory in VSM. If there is any delay in material receipt by
vendors, then production planning is adjusted and another product type with sufficient
warehouse inventory gets prioritized. Therefore, access to vendors inventory data based
on DLT adoption will not affect the warehouse inventory held by HA-OEM but will

only allow production planning review decisions to be made faster. Warehouse
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inventory number in VSM represent the day that raw material stays at the warehouse
before it enters the production processes and acts as buffer against vendor’s potential
delivery SLA deviations. DLT adoption will not impact warehouse inventory, since real
time access to vendors trusted data will not affect vendors (lead time) LT, which what
eventually affect vendors capability to deliver based on agreed SLA. Another reason
that DLT would not affect the warehouse inventory kept, is that DLT adoption would
allow visibility on vendors data but would not directly impact the defective material
produced and delivered by the vendors. The impact would be referred to near real time
information on vendors operational processes. Therefore, shipment of defective
materials could have been spotted at the source, before they reach at manufacturer
premises. Thar would affect the manufacturer’s purchasing policy or its relationships
with the respective vendors but for the purpose of suRQ2.1 would not impact the
warehouse inventory held. Defective material impact not only warehouse inventory but
also inventories held before one process, since those material are transferred from the
warehouse. If the manufacturer consequently identifies high percentage of defective
materials delivered by a vendor, then decides for higher inventory from that material
kept before one process affecting the manufacturing stream TT. However, DLT
adoption is considered in our research to affect that inventory, since that could happen
only if vendor’s deficient deliveries could have been reduced. In our case the ‘Door
Glasses” is an example if material delivered by vendors and delivered from the
warehouse before the ‘DTEC’ process. Since manufacturer has spotted higher material
deficiencies than expected, has consciously decided to increase the respective ‘Door
Glasses inventory kept before the process, causing an inevitable increase in the
respective manufacturing stream TT.

Visibility of intra-group entities (factories) data affects manufacturing leanness to
the extent that this is referred not to material but to equipment spare parts. Raw material
availability in another Plant of HA-OEM group would have the same impact as if a
vendor failed to delivered, based on agreed SLA. However, in the case of an equipment
spare part availability, that access to trusted information due to DLT adoption would
bring to surface, would allow TPM plan to be adjusted accordingly opting to reduce the
risk of equipment failure and consequently increase OEE. Inventory that moved on the
conveyor belt is not affected by time. The time depicted on VSM represents the transfer
time of the inventory and depends on the conveyor set up. That has been decided based

on the process before the belt Takt Time and is not affected by DLT since Takt Time =
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Total Available Production Time/ Average Customer Demand (Rother and Shook,
2003). Also, all milk run operations represent the delivery of material and supplies to
assembly areas and no inventory improvement calculations are related to milk run
operations. All production processes end up in a common assembly line. All
manufacturing streams illustrated in Apdx Figure 7 and Apdx Figure 8 depict TT before

the products reach the assembly line.

: VSM as-is| VSM to-be | DLT impact
Manufacturing Streams
(TT) days | (TT) days (TT)
Cables 4,45 4,45 -
Ceramic Hobs 488 488 -
Front switch panel 5,76 5,76 -
Drawer 4,00 4,00 :
Side panel 8,97 8,97 -
Basic Doors 4,61 4,49 -2,60%
HAGP catalytic 164 1,63 -0,61%
Tray 2,93 2,82 -3,75%
Deep Tray 5,79 572 -1,21%
HAGP 1,70 1,64 -3,53%
Deep Tray Carriage 2,67 2,58 -3,37%
Tray Carriage 2,36 2,27 -3,81%
Cavities 2,60 2,55 -1,92%
Total TT 9 38 9 38 z

Table 10: Manufacturing streams affected by DLT adoption.

After applying inventory changes as illustrated in Table 9, through the VSM
mapping presented in Apdx Figure 8 we can identify which manufacturing streams are
affected by DLT adoption as illustrated in Table 10. Eight (8) out of thirteen (13)
manufacturing streams demonstrated reduced TT by 0,61% to 3,81%, due to DLT
adoption. Total TT (9,38 d) as the critical manufacturing stream have been found to
remain unchanged, since its TT is defined by the slowest stream, meaning the ‘side
panel’ stream, that does not include processes that are expected to be affected by DLT
adoption.

All information flows switch from manual to electronic under the scenario of DLT
adoption as depicted in Apdx Figure 8 Meaning that, any change in production schedule

and order or plan is near-real time populated into all production processes and any other
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in-house supply chain stakeholder. Consequently, any respective decision making is
accelerated since PPC reschedule report delays are highly diminished. The reason that
not all processes which are linked with the information flows depicted in Apdx Figure
7, will be affected when information flow changes to electronic under the DLT adoption
scenario, lies in the impact of WIP. Electronic information flow will accelerate decision
making based on production volume planned and production shift plan reschedule but
we argue that this will not cause an automatic WIP change. In our scenario we consider
DLT adoption and investigate potential changes under the scenario of unchanged
production volume plan and unchanged PPC schedule. WIP inventory after process,
depicted with symbol “I”’ in Apdx Figures 7 and 8 represents the inventory kept based
on production schedule under normal conditions on a regular production flow without

any PPC review shocks that will cause inventory peaks or dips.
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5. Conclusions and discussion

5.1 Conclusions based on subRQ1.1

To answer subRQ1.1 of “How do ecosystem types make fit to DLT ?” we initially
reviewed the business ecosystem approach and how this evolved from business
networks. That is necessary to define the business ecosystem key characteristics and
realize how DLT networked approach can be extended to the ecosystem level. Even if it
is beyond the scope of this study to provide a new business model definition, we
reviewed the respective definitions along with the business ecosystem enablers. This
gives us a deeper understanding on the key points they emphasize and spot those related
to the DLT ecosystem conception. To answer the first part of subRQ1.1 on whether DLT
works in all ecosystem types we selected to review the ecosystem types that their
conceptualization is closer to the DLT ecosystem.

Seeing DLT as an innovative digital technology that designates the transactions
between ecosystem members, we selected to examine the software, digital,
technological, innovation, product and service ecosystem types as concepts closer to
DLT ecosystem. We revealed their similarities to DLT business ecosystem and spotted
their key attributes that make them to deviate from the DLT business ecosystem
approach. From that comparison we deduced that each one of those ecosystems can be
developed within the DLT business ecosystem. They can also be a subset of it but do
not match DLT ecosystem key attributes and do not meet its objectives. We concluded
that this can be achieved only by the business ecosystem approach. Therefore,
answering the second part of subRQI.1 on what ecosystem type is closer to DLT
concept we reviewed the business ecosystem approach. To make it apparent we mapped
the business ecosystem analogies to DLT ecosystem and identified the similarities
between these two concepts. This study contributes to DLT ecosystem research by

fostering an understanding of what ecosystem characteristics define its nature.”’

20 papanikolaou, E., Angelis, J. and Moustakis, V. 2023. Which type of ecosystem for Distributed Ledger
Technology? Journal of Technology in Society, Vol 72, 102143,
https://doi.org/10.1016/j.techsoc.2022.102143
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5.2 Conclusions based on subRQ1.2

Acknowledging the key business ecosystem characteristics, we dived deeper into
the network effects created in DLT ecosystem to conclude that DLT architecture
attributes and ecosystem actor number are crucial parameters of the ecosystem value
generation security and sustainability. Our study revealed that ecosystem actor
interactivity, ecosystem governance, actor’s incentive for participation, value created
and eventually DLT ecosystem sustainability are vastly affected by the roles and
strategies of its actors. We defined that roles in DLT ecosystem are classified based on
the dominant or non -dominant position that actors hold in it.

We identified that DLT architecture and actor roles are of major importance for
ecosystem sustainability. In particular, power and attitude of dominant ecosystem
players regarding ecosystem relationships are the fundamental pillars of DLT
ecosystem sustainability. Niche players, analogical to business ecosystem literature,
constitute the non-dominant group of actors in DLT ecosystem. Their participation in it
is associated with ecosystem’s scale up and sustainability potential. We argued that if
niche actors feel that either contribute with low value creation or enjoy disproportional
amount of value created by the network, they will be demotivated to participate in it
and eventually undermine ecosystem’s sustainability. It is therefore apparent that deep
versus superficial collaboration is necessary for DLT ecosystem survival and that
dominant DLT ecosystem actors need to push towards that direction. This conclusion
is aligned with the common fate of all ecosystem actors that participate in DLT
ecosystem.

We explored DLT ecosystem dynamics and under that prism we identified that
ecosystem balance, robustness, productivity, niche creation, scalability, flexibility, actor
aligned goal, activities and interdependency are DLT ecosystem sustainability factors.
We eventually presented the endogenous and exogenous forces that affect DLT
ecosystem evolution. We argued that co-evolution based in knowledge and resource
transfer, DLT architecture, actor relationship types and role changes in a highly dynamic
ecosystem environment form the main endogenous factors of evolution. On the other
end market changes, changes in economic and social environment, technological
change and regulations have been considered that constitute the respective exogenous

factors.
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5.3 Process model for the implicit effects of DLT adoption under a supply
chain context (mRQ1)

Based on our findings we present a process model that incorporates the implicit
effects of DLT adoption under a supply chain context to the business model dimensions
for a manufacturing company. Based on the analysis of the cases, through the
interviewees conducted, we seek and find answers regarding how DLT adoption for a
manufacturer, under a supply chain context, leads to activities and decisions that affect

organization’s business model elements.

5.3.1 Building the process model for mRQ1.

Trust established through data openness, visibility and transparency, as well as
supply chain collaboration lie in the center our research. Supply chain collaboration is
a prerequisite not only from value network perspective but more than that from a DLT
business ecosystem sustainability perspective. Due to the inherent characteristics of
DLT, its adoption should support the ecosystem expansion prospect and facilitate deep
collaboration among interacting actors. Network effects created by DLT business
ecosystem expansion are vital for its sustainability. Trust is the main driver for DLT
adoption and in our model its impact to supply collaboration is reflected on the business
model dimensions. Our data show that DLT adoption in a manufacturing company
initiates the transformation of those two main pillars of our analysis. Meaning the trust
and supply chain collaboration, between the manufacturer and its external to the
company supply chain interconnected parties, which consequently trigger the

respective business model changes.
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The model presented in Figure 10 illustrates a dynamic rather than a static picture
of a sequence of changes that lead to business model changes. It illustrates processes
comprised of activities and intents that need to be continuously evaluated so that the
respective business model dimension impact is constantly assessed. The model is
constructed based on the relationship of the aggregate dimensions identified in data
structure and their respective impact on the business mode dimensions, as illustrated
in Apdx Table 3 in Appendix, that reflects business model dimensions impacted based on
the multi-case study data structure presented in Figure 7. To structure the process model,
we do not further distill the aggregate dimensions by seeking similarities nor we suggest
concepts that further explain the impact of DLT adoption. We map the relationships of
the aggregated dimensions with the business model impact they imply. Our model
reveals a process grounded in the data, as exemplified by the data structure, that
demonstrates the dynamic relationship among the emergent concepts, describes the
DLT adoption under a supply context for manufacturing companies and their impact
on the business model. At that phase we consult the literature to define the relationships
between the aggregated dimensions, the factors that affect the business model and the

activities that lead to the business model notions impacted.’!

5.3.2 Process model for mRQ1 explained.

Partner selection is the first key step towards establishing supply chain partnership
(Liu and Ran, 2020). From the point of network design and internal supply chain
operations efficiency, finding suitable suppliers and other intermediaries to work with
sets the basis for value chain configuration (Sha and Che, 2006). Criteria formulation,
qualification and choice are, based on literature (De Boer, Labro, and Morlacchi, 2001),
the three main stages of partner selection process. Based on our data all three are
affected by DLT implementation. Data openness, transparency and visibility achieved
through DLT seem to be strong candidates for supply chain partnership selection
criteria. For non-established partner relationships, DLT adoption raises expectations for
high trust level among interacting parties, yet from the partner selection phase. In that

process manufacturers take into account their ecosystem position and the dependence

21 papanikolaou, E., Angelis, J. and Moustakis V. 2021. Implicit business model effects of DLT adoption.
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upon their partners. Through DLT adoption manufacturers emphasize on the possibility
for a complete trusted assessment of future partners’ competence. DLT is the
mechanism for the manufacturers to establish direct trust. In alignment with DLT
literature, it supports the decision-making process based on direct evidence that frames
partner’s qualification evaluation (Angelis and Ribeiro da Silva, 2019). Although the
trust dimension of competence is clearly favored over the dimension of integrity,
manufacturers base their supply partner selection decision on partners’ consistency.
Through DLT adoption data completeness of the latter is revealed yet in the
qualification assessment phase.

The role of DLT seems to affect manufacturer’s partnership decisions. Dependency
upon a partner, actor’s role in the supply chain, and its position in the ecosystem seem
to have a joint effect along with the trust promised through DLT to the manufacturers
decision to substitute one partner for another. Data openness, transparency and visibility
seem to weigh significantly in potential partner relationship changes, to the extent that
they promise higher trust levels. Both in the case of established and non-established
relationships, partner selection and partner substitution decision seem to be affected by
DLT adoption. In both cases the focus remains in the value creation aspect of the
manufacturer. Data openness facilitates the assessment of both competence and
integrity trust dimensions in manufacturer’s relationships with its supply chain partners
(Mayer, Davis and Schoorman, 1995). In addition to that it raises expectations for an
iterative process of partner’ performance evaluation based on trusted data.

Another business model impact of DLT adoption under a supply chain perspective,
is the prospect of the DLT business ecosystem participants to generate new knowledge
due to data visibility, information access and data exchanged achieved by DLT. ‘Near-
real-time’ visibility is an obvious driver for end-to-end supply chain synchronization
and optimization, whether it refers to optimizing physical goods distribution or
synchronization of upstream  supply chain activities (Somapa, Cools
and Dullaert,2018). Companies, which interact through DLT, have to foresee the risks
and design efficient actions to avoid deviations and mitigate the uncertainty (Li, Z. et
al .2018). Our data also showed that manufacturers weigh the effects of the knowledge
created through data exchange. Data openness raises concerns on how much data need
to be opened and to whom. However, it has been undoubtedly proven that
manufacturers rely on the fact that they can improve their own operations and advance

their activities, which contribute to value creation, through the knowledge generated
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when other entities data are accessed and analyzed. The fact that the same applies for
manufacturers’ partners leads to a dual impact on the manufacturer’s business model
dimensions. In one hand DLT facilitates knowledge exchange and streamlines end-to-
end supply chain operations by enhancing partners’ ability to deliver results, on the
other hand it raises concerns around data privacy based on the data openness required.

In a highly dynamic environment, relationships among ecosystem actors are not
static but are subject to continuous change. Our data showed that the role, dependency
and position of the supply chain direct and indirect partners, is of great significance and
along with the data openness strategy of each actor define the value network dimension
of the business model. Due to data privacy concerns, triggered by potential relationship
changes, manufacturers are based on strict contractual agreements to prevent potential
data leakage. They view data openness, that is by default required for DLT adoption, as
a barrier to business ecosystem expansion. On the top of that our data showed that data
sharing imposed by regulatory bodies actually defines manufacturers’ data openness
threshold under any DLT architecture specification. However, it seems paradoxical that
although the need-to-know basis and the data openness threshold seem to define
manufacturer’s data openness strategy, they refer to data openness to request visibility
into their partners’ data. This is particularly evident in the case of re-establishing broken
relationships. Given the fact that based on literature, in business network trust’s role is
a precondition rather than a cooperation driver (Gausdal, Svare and Mollering, 2016),
we conclude that DLT impacts value network when it is viewed and assessed along with
three other attributes. That are, the role and the position that an actor holds in the
ecosystem, the degree of influence and control that the manufacturer can exercise on
their interacting actors and the level of information asymmetry identified among
interacting actors. The higher the information asymmetry identified among partners,
the greater influence that the manufacturer can exercised to its partners, especially when
significant ecosystem position gap among partners is identified. Under that condition
the manufacturer is keen to lift his data openness concerns and reduce trust thresholds
in order to achieve deeper collaboration with its partners through DLT adoption. Our
data revealed that in any other case potential benefits in value network and value
creation promised through DLT adoption are constantly evaluated on a benefit vs risk
logic. Under that logic no obvious indication of which of two will prevail seem to exist

but with indication towards manufacturer’s risk averse attitude.
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At that point it is important to underline the risk of a superficial collaboration among
DLT business ecosystem partners. Any such collaboration attribute does not enhance
the prospect of a sustainable DLT business ecosystem, since niche ecosystem actors are
pushed to collaborate with dominant manufacturer (Iansiti and Levien,2004). The key
to avoid superficial collaboration, by incentivizing actors to collaborate and achieve the
golden ratio between privacy concerns and data openness necessary for DLT adoption,
lies in the DLT architecture design. The system architecture that impacts the
transactional dimension of the business model will define the rules of collaboration.
Those rules will affect the degree up to which value creation and value network through
collaboration incentives and value creation business model dimension will be impacted.
The extent to which manufacturer’s transaction redesign drivers meet the objectives
and the concerns of all actors, will define the impact on the value creation and value
network business model dimensions.

When a manufacturer targets to expand its business or re-configure its product, then
the data openness tilts the balance between benefit vs cost towards the former, with the
latter to be mainly considered under the aspect of a lost opportunity or potential failure
to address customer needs. The value proposition crystallizes the hypothesis of the
company formulated into what is promised to be delivered to consumers and how much
they will be charged for it (Salum, 2019). Each time that the value proposition is re-
configured manufacturers are keen to open more data than usual with their 1*' tier
material supplier and with the intermediaries that constitute the market channels,
irrespective of the level of trust established with them up to that point. Regarding the
manufacturer’s relationship with its market intermediaries, or else the market channel
dimension as mentioned in most business model frameworks (Osterwalder, A. and
Pigneur, Y. 2010), data openness and established trust do not seem to affect each other.
DLT seems to be seen as the mean to facilitate transactions with these types of actors,
rather than as the relationship driver through trust establishment promised. This is yet
another clear indication that the role of the actors impacts value proposition
reconfiguration and value delivery related decisions. In short, the value delivery along
with the value proposition business model dimensions have been proven to drive data
openness through DLT so that the manufacturers meet their business expansion

objective.
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5.4 Process model for the in-house supply chain DLT adoption and business

model impact analysis (mRQ2)

Based on our findings we develop a process model that brings together the
aggregated dimensions needed to be considered to assess the factors that resonate DLT
adoption at in-house supply chain level and their inevitable impact on business model
dimensions. Establishing and maintaining trust and trustworthiness, for information
sharing, when in-house supply chain entities interact with each other and with external

bodies, is a dynamic process that shapes the organization’s business model dimensions.

5.4.1 Building the process model for mRQ?2.

Our data show that in a manufacturing MTO supply chain, in-house supply chain
departments’ intention to trust is not static. It is rather transformed based on the
measured impact of all supply chain interconnected parties’ performance on supply
chain operation. Emphasis is given in the production system efficiency achieved as well
as into the data driven decisions taken for the supply chain continuous improvement.
Competence and integrity, being among the most widely recognized dimensions of the
‘trust-in-organization” models (Mayer, Davis and Schoorman, 1995; Falcone and
Castelfranchi, 2001) are the key parameters that gauge the level of trust achieved in in-
house supply chain departments through their collaboration and their interaction with

external supply chain entities.

Competition #-------------mommeeeem ntegrity (trust
Single source of truth ——» Cross functional collaboration — 4 Business Model
Information asymmetry —— Data driven decisions

Figure 11: Process model for in-house supply chain DLT adoption(mRQ2)
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Relational dynamics of DLT in-house adoption overarching themes, as exemplified
by the data structure and by their effect on business model dimensions, are presented in
Figure 11. Our data show that in a highly efficient supply chain, that has achieved high
level of information system integration and applies high end supply chain practices,
elite informants’ perception indicates strong trust both to the internal and external to the

company interrelated parties.

5.4.2 Process model for mRQ2 explained.

Breaches of trust and some competition among interacting parties, caused by
behaviors that indicate potentially conflicting financial incentives have been revealed
into the inside-out supply chain interactions. Opportunistically driven incentives of
some vendors not to meet the agreed SLAs raises integrity concerns. Lack of visibility
in the end-to end inbound material or service delivery processes increases the risk of
internal supply chain operation deviations and feeds the mistrust among the interacting
parties. Supply chain related decisions based on undisputable, trusted and near-real time
available data, would mitigate the consequences of competitive behavior. Trusted
information exchange and data visibility among interacting parties would immediately
expose the risks and reveal the implications yet at the initial phase of any such behavior.

In addition to that, as revealed by informants, collaboration between same company
group entities or plants is impacted by conflict of interests driven by contract
assignment decisions. All interviewees agreed that in a well-structured supply chain
that captures a great deal of trusted data, the single source of truth should be there to
expose any such competitive behaviors that put at risk in-house supply chain operations
and undermine their efficiency. Informants revealed that the organization seems to rely
on decisions that are based on specific, rigid processes, such as periodical extensive
audits and metric bases reports, that reveal measurable findings. Although capturing
data in such a well-structured way enhances data driven decision making, the fact that
data record gaps, information sharing inefficiencies, resource consuming audits and
lack of near ‘real-time’ information exchange phenomena had been observed, lay the
ground for in-efficiencies in data driven decisions and cross functional collaboration.
The risk of retrieving outdated or incorrect information, the need for near-real time

visibility of the appropriate data without resource consuming processes to collect them,
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unleashes the DLT adoption potential through its single source of truth attribute. The
impact of single source of truth into in-house supply chain cross functional
collaboration, relies mainly in trustworthiness enhancement through the elimination of
arguments and doubts when the appropriate tamperproof information is accessed by all
in-house supply chain involved parties. On the top of that. the fact that with DLT
identical information is not double entered neither distributed with delay nor get
manipulated, facilitates interacting supply chain parties to gain visibility on the same
trusted information and collaborate effectively and efficiently.

According to our data, the fact that supply chain actors hold incomplete, more, or
superior information than their interacting parties makes information asymmetry as the
overarching factor that impacts the trust level in supply chain. Our focus in supply chain
related to information held and shared exclusively among company departments
revealed inefficiencies at the information mining and sharing processes. All necessary
information is usually kept in highly integrated centrally controlled information
systems. However, the fact that information flow follows a specific, rigid, though well-
structured, diffusion path may often leave supply chain departments temporary with
incomplete information until overcoming data analysis or data matching delays.
Decisions, such as those related to sharing customer feedback analysis, scenarios such
as production planning data needed for PPC reviews, inter-departmental collaboration
capabilities affected by data synchronization between production line data,
maintenance and internal communication inefficiencies due to misperceptions or delays
in data matching reveal ‘effort-level” information asymmetries. Based on literature, the
fact that the effort level of an actor is not completely known by another actor affects the
performance of the supply chain (Zhao and Wei. 2014; Qian, et al. 2012). At that point
what is at stake is the resource-efficient near-real time access to trusted information
kept in the company’s databases. Reviewing decisions, creating communication loops
to clarify data analysis, rework scenarios and in general review supply chain decisions
lead not only to supply chain inefficiencies but more than that may lead to supply chain
disruptions. Supply chain departments need to collaborate effectively and fast so that
any information exchange will allow them to take on time the most appropriate
decisions. Data visibility and trust on data have been revealed to cause delays and
increased risk in taking decisions before all necessary data are available

(Mohammadali, Atour and Canel-Depitre, 2020).
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Maintenance service providers hold superior knowledge to the respective problem-
solving activities and that fuels information asymmetry related due to lack of data
openness and visibility between the interacting parties. Stronger emphasis on the
visibility of trusted data has been given by the interviewees into the information sharing
and exchange mechanism between company departments, e.g., planning, inventory
management, PPC and the external manufacturers and material suppliers. Under those
conditions a twofold source of supply chain disruption risk has been revealed. The first
is that limited visibility on trusted information either regarding vendors’ supply chain
processes, such as production processes, conformity with specifications, inventory,
capacity etc., or limited visibility in the end-to-end inbound material processes is the
main source of inbound delivery SLA deviations, that consequently increase the
production disruption risk. The second, is the coordination mechanism of that
asymmetry.

Although Inside-out data openness and limited information system integration are
actions that push towards an efficient coordination, they leave significant space for
improvement. Getting both interacting parties to open their data through a tamperproof
data exchange process would increase not only the visibility and transparency in their
transactions but would also act as a supply chain disruption proactive mechanism which
is expected to eradicate vendors’ SLA deviations right in the source. Cross functional
collaboration is directly impacted when inbound service or material flow related are
subject to unpredicted change. In turn, all related data driven decisions, such as PPC
and asset maintenance are affected. Information asymmetry driven supply chain
disruptions are met in material supply and flow process around the inbound supply
chain zone and the maintenance operations.

In a highly efficient supply chain, we take as given that company takes all necessary
actions to ensure high performance. Management best practices and supporting
mechanisms are expected to be applied when we discuss about high supply chain
performance. Although DLT can contribute into high supply chain performance (Wang,
Chen and Zghari-Sales, 2020), its main impact is to resolve the trust issues among the
interacting parties, enhance trust in transactions and allow parties with low trust to each
other to collaborate. After all, it is not the DLT that will make the supply chain highly
efficient. Highly efficient supply chains operate so far without any DLT

implementation. It is the space that competitive behaviors leave, through the effective
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exploitation of a single source of truth, and the impact of information asymmetry that
reveal the trust gaps when we look the in-house supply chain efficiency.

Literature identifies trust as an important antecedent of inter-organizational network
formation (Brass, et. al. 2004). Therefore, the trust is the central notion in the network
that lays the ground for DLT adoption. We consider the aspects of cooperation between
all intracompany supply chain departments and functions and the intersections of each
internal supply chain process with external entities as the main pillars of the supply
chain efficiency that reveal the trust gaps ins supply chain. One of the most prevalent
findings of our data is that in-house supply chain entities demonstrate high trust into
the data kept in the company and into their vendors. To some extent this is somehow
expected for a top in-house supply chain performer. However, competitive behaviors
raise integrity concerns and that is what needs to be evaluated when data driven supply
chain decisions are made. The intentional choice of a trustee to behave in a certain way
(Mayer, Davis and Schoorman, 1995), in our case driven by competition related
motives, may well increase the supply chain risk with regards to internal supply chain
operations. Competitive behavior demonstrated either between company departments,
among intra-group entities or even between external and internal to the company
entities needs to be prevented from provoking inefficiencies at in-house supply chain
department cross functional collaboration. DLT finds ground for adoption due to the
promised enhancement of the single source of truth and the elimination of the integrity
variable as trust concern factor.

Apart from the internal supply chain departments the capability of the external
suppliers to deliver and perform based on mutually agreed SLAs and specifications set,
need to be taken as given for supply chain efficiency. We do not argue, nor did the
interviewees, that in an efficient supply chain vendors and departments are selected
based on their ability to perform under high standards and that their performance is
closely monitored and constantly evaluated. The fact that information asymmetry
between competent supply chain actors has been observed, reveals the role of trust to
ensure competence. The role of the DLT lies in that of a mechanism which will ensure
that competent interacting actors will perform their tasks meeting the standards set.
Competence may change over time (Lymperopoulos, Chaniotakis and Rigopoulou,
2010). By gaining experience, companies improve certain skills and their knowledge.
Consequently, they become more competent. Data openness, bilateral visibility and

transparency on interacting actors’ data, reduces information asymmetry pushing them
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to become more competent. Therefore, it becomes obvious that trust plays a central role
in achieving high level of cross functional collaboration and enhances decisions. These
can be met under the condition of access to trusted data when information asymmetry,
competitive behaviors and gaps in single source of truth phenomena are observed in in-

house supply chain operations.
5.4.3 In-house supply chain DLT adoption impact on business model

To evaluate the impact of DLT adoption at in-house supply chain operations on the
business model, we will assess the respective impact of the five aggregated dimensions
that have been proven to drive DLT adoption. For that reason, we selected to use the
Velu (2018) business model architecture and initially define which one of the four
business model dimensions is affected and to what extent. Since in-house supply chain
operations mainly refer to product configuration and production, the value creation
dimension had been originally expected to be the most impacted dimension. However,
in-house supply chain DLT adoption also affects the relationships between internal and
external partners and the degree to which the product characteristics that a customer
expects to receive by using the product are successfully reflected in it. Finally, DLT
adoption affects how much value will be retained due the elimination of the resource

consuming inefficiencies that diminish the value actually captured.
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Figure 12: Impact of in-house supply chain DLT adoption 2nd order Themes on business

model (mRQ2)
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After assigning the business model dimension that is impacted by each one of the
first order themes revealed in data structure, as presented in Figure 8, we can end up
defining the respective weight of the second order concepts and the aggregated
dimensions. The value of the coding procedure followed for the data structure lies not
only in the definition of the aggregated dimensions but mainly in the exploration of the
source of those dimensions. In our case it has been found that, 11 out of the 27 1st order
concepts affect SLA deviation. The latter as presented in Figure 12 impacts most of the
business model dimensions followed by Production Disruption Vulnerability. In Figure
12 it is illustrated that Information Asymmetry has, by far, the higher impact on business
model, while from data structure, as in Figure 13, we can note that these dimensions
are impacted exclusively or combinatory by 16 out of the 27 1% order concepts. It is
therefore obvious that not all aggregated dimensions weigh the same in regard to their

impact on into the business model.
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Figure 13: Impact of in-house supply chain DLT adoption aggregate dimensions on business

model (mRQ2)

As presented in Figure 14, value creation business model dimension is heavily

impacted, as expected, by most of the 2" order concepts and the aggregated
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dimensions, followed by the value network business model dimension. In-house supply
chain DLT adoption mainly impacts, as expected, the value creation dimension of the
business model. In-house supply chain operations by default refer to the distinctive
competences of the manufacturer to produce its products. The operational dimension of
the business model that is associated with the manufacturer’s resources, activities and
particularly in the production system related performing activities, have been
emphasized by the informants to be mainly linked with the in-house supply chain DLT
adoption (Fjeldstad and Snow, 2018). A highly efficient and effective in-house supply
chain operation mechanism demonstrates among others without the need of any DLT
adoption high level of efficiency into load balancing the production system operations.
On the top of that it mitigates the production disruption risks caused by cross functional
collaboration or by its interaction with any internal and external to the company entity.
Our data showed that inefficiencies, that are mainly triggered by information
asymmetry, competition and lack of single source of truth, cause supply chain efficiency

gaps and increase the risk of value creation deviations.
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Figure 14: Overall Impact on in-house supply chain DLT adoption on business model
dimensions (mRQ2)
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Value network, as described by Velu (2018) business model architecture, is the
dimension that refers to the network relationship aspect of the organization and
underlines the value exchanges with entities external to the company. Under the aspect
of in-house supply chain DLT adoption, value network dimension spotlights the role of
entities external to the company that interact with the in-house supply chain
departments. Data openness, and access to trusted information have been identified, by
our data, to be the key pain reliefs in inefficiencies caused mainly due to information
asymmetry and competitive behavior among interacting parties. Although an
organization that operates a highly efficient in-house supply chain might take actions,
such as information system integration, close collaboration and vendor’s metrics-based
performance monitoring, lack of bilateral trusted information flow and visibility
through data openness leave much space for improvement. Value network refers to the
role that the firm plays in the network (Shafer, Smith and Linder, 2005). Our data
revealed strong emphasis into actor relationships established based on the dependency
and the power imbalance between the interacting parties. Those two attributes resonate
DLT adoption, since they lay the ground for deeper collaboration between the
manufacturer and its material and service providers. ‘Manufacturer-vendor’
relationship establishment, may be a well-structured process in high end supply chains,
especially in the onboarding phase. However, DLT adoption not only fills the gaps
towards preventing supply chain deviations but also deepens the collaboration among
interacting parties moving away any power game or competitive driven behaviors.

Value proposition and value capture lag significantly in the business model impact
of DLT in-house supply chain adoption. What resonates DLT in-house supply chain
adoption lies merely in the production related processes and their respective actor
relationships required based on interacting parties’ trust and transaction visibility. Value
capture is affected by DLT in-house supply chain adoption initiatives triggered by cost
structure related inefficiencies.  For instance, inefficiencies in organization’s
departments that are revealed through periodical internal audits impact the cost
architecture, investment planning and the financial decision aspect of the business
model. The same applies in the case of delays in information, document matching and
approvals as well as in external communication that impact the cost structure of the
organization. Value capture had been originally expected to be affected by material or

finished product quality related issues but our data revealed that quality issues do not
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exceed the acceptable limits and the respective KPIs have been found not to raise any
quality issue related concerns at any phase of the in-house supply chain activities.

Value proposition refers to organization’s customers and their values (Teece, 2010;
Johnson, Christensen and Kagermann, 2008). For the first, DLT adoption for in-house
supply chain activities points out the desired customers’ visibility and trust into
company’s in-house supply chain activities. For instance, in the case of high-end
technological products and especially in an engineer-to-order supply chain, trust on
specification conformity and access into production system for monitoring purposes
may well be considered as mandatory prerequisite contractual terms. In a MTO supply
chain, customers’ low need for a deep insight into manufacturers in-house supply chain
operations does not seem to justify in-house supply chain DLT adoption. This need has
only been identified at the point that the manufacturer needs to capture customer
feedback in regard to observed deviations between expected and delivered customer
value. In that case DLT impacts the mechanism that the customer feedback captured is
diffused appropriately and timely among all in-house supply chain entities.

DLT adoption triggers value proposition changes by making the manufacturer
confident that the appropriate knowledge generated from customer feedback analysis
will timely cause the appropriate corrective and preventive in-house supply chain
actions and the value proposition will be eventually improved. It is worth mentioning
that in regard to DLT adoption at manufacturer’s in-house supply chain level, value
proposition could have also been impacted by his visibility and trust into his upstream
material and service providers. Although this effect seems to be included in the impact
that DLT adoption causes to the value creation dimension of the business model, we
need to denote that delivering the ‘right’ product is of the same importance as of
delivering it on the ‘right’ time. Violating the latter impacts the value proposition
dimension of the business model. In house supply chain DLT adoption has been proven
from our analysis, to affect parameters such as quality assurance of incoming material,
temporary repeated production system inefficiencies not revealed in audits and
arguments on audit results. These in-house supply chain specifications might lead to in-
house supply chain delays that will be further reflected into the timely delivery of the

product to the end customer and consequently impact the overall value proposition.
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5.5 Conclusions based on subRQ2.1

In our research we built upon the findings of the in-house DLT adoption causations
to investigate to what extend could DLT adoption impact manufacturing leanness.
Under the assumption that DLT adoption will only affect the information flow, we
applied DLT adoption scenario in a home appliance MTO global manufacturer, that
operates a highly efficient supply chain, has already adopted most of the modern lean
manufacturing methods and demonstrates high level of information system integration.
The manufacturer studied had been selected under the conceptualization that in-house
supply chain leaves limited to no obvious reasons for DLT adoption. Consequently, one
could argue that DLT adoption impact on information flow only does not conceal any
supply chain inefficiencies that could have been dealt with any material flow
improvement lean method. Researchers employed the value stream mapping
methodology (VSM), to depict the simulated future state under our assumptions.

Findings emerged from that simulation revealed that the main impact of DLT in-
house adoption causation is expected to be on OEE improvement. Even though a
manufacturer might demonstrate high OEE performance, DLT adoption will still impact
OEE and consequently reduce the inventories kept or transferred after the respected
processes affected by thy improved equipment effectiveness. Though not all inventories
after the respective processes had been found to be affected by equipment reliability.
OEE and inventories kept or transferred in any segment of the production flow e.g.,
WIP inventory kept between processes, buffer stock, inventory that flows within first-
in-first-out (FIFO), inventory kept at S/M operations, affect TT (Johnson, 2003). In our
research manufacturing leanness had been investigated under the prism of inventory
and TT improvement. Most manufacturing steams had been found to be affected in
terms of TT improvement between 0,61%-3.81%.

TT improvement results along with the fact that our research opts to explore the
potential of manufacturing leanness improvement due to DLT adoption in an
organization that already applies lean improvement methodologies focusing solely on
information flow change, allow us to argue that DLT impact comes complementary to
any other Industry 4.0 solution. Manufacturing leanness improving dilemma should not
be DLT or nothing. Value added to in-house supply chain operations, due to DLT

adoption, reveals that it should not be seen as a stand-alone solution but rather as
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combination with other systems or data sharing processes already in place. DLT, under
in-house supply chain context, had been proven to be valuable even in the case of high
supply chain management integration and that enhances the complement role of DLT.
That fact that that in the case studied other high end information sharing systems had
already been in place and DLT adoption still contributed to manufacturing leanness
indicates that it DLT supports the 1 4.0

connectivity approach.

Moreover, results indicate that DLT provide an additional option for optimization.
Classic DLT argument is that it resolves trust issues between interacting actors.
However, beyond that it relates the transaction focused approach as altered due to DLT
adoption, to manufacturing optimization. Without applying any lean material flow
improvement methodology, it has been found that TT is expected to improve due to
DLT adoption. Thus, only due to the impact on information flow by DLT adoption under
an in-house supply chain context, TT in most manufacturing streams has been found to
be improved. TT improvement is one of the major targets of manufacturing and
production flow improvements target through by classical lean methodologies. In short,
we could generalize that DLT adoption at in-house supply chain context is not the
profound manufacturing optimization technique that could easily be applicable to a
manufacturing supply chain. However, its complementary role to extant information
systems and its power to provide optimization, allow us to conclude that even if it is a
technology hard to be implemented, since it is still in a preliminary stage of

development, when adopted may have significant impact in manufacturing leanness.
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6. Managerial implications and research limitations

6.1 Managerial implications

In managerial terms this study helps manufacturing business managers to
understand how business model dimensions are affected by DLT adoption at supply
chain level. Our results indicate that irrespective of the efficiency of the supply chain
strategies and methodologies followed in a manufacturing MTO organization, issues
related with trust among interacting parties leave space for DLT adoption. Through the
process models proposed, managers can assess the impact of DLT adoption on business
model. Moreover, they can assess which business model dimensions will be impacted
based on the preferred DLT architecture design and DLT adoption decisions related to
endogenous and exogenous factors. Operational efficiency improvement drivers and
configuration of relationships among interacting actors in a highly dynamic
environment has been proven, based on our data, to affect in different ways the business
model.

Our results indicate that irrespective of the primary scope of DLT adoption at supply
chain level, it cannot eventually affect less than two business model dimensions among
the value creation, value proposition value delivery and value network dimensions.
Actor’s role, dependency and position in business ecosystem has been proven to be of
critical importance in any managerial decision related to DLT adoption in
manufacturer’s supply chain. Our data revealed that interacting parties’ role in the
ecosystem act as a filter in those decisions. This parameter contributes and refines the
degree of business model impact triggered by manufacturers DLT adoption decisions
drivers. This research helps managers understand the gaps in cross functional
collaboration and enhanced data driven decision-making that is triggered by specific
attributes which justify DLT adoption at in-house supply chain level. Our results
highlight the dimensions of trust impacted by DLT adoption drivers. We present
interactions between DLT adoption causations and trust dimensions that formulate a
managerial monitoring process of evaluating to what extent DLT adoption impacts
supply chain operational efficiency. We provide decision makers a solid understanding
of the business model impact magnitude triggered, by DLT adoption at supply chain
level, to aid their judgement about potential business model change or innovation

decisions.
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6.2 Future research and limitations

The limitations of the study that call for further research are mainly related to the
size of the company and the manufacturing model of the company. Studying LEs allows
the researchers to be more confident that complex supply chains face more challenges
on the road to their new digitalization status. Consequently, we can be more confident
that more aspects that might affect organization’s business model are covered. This
approach offers higher possibility for findings generalization. However, not all
analogies are maintained in the case of SMEs. Cost structure, supply chain flexibility
and complexity are parameters that differentiate the weight of decision-making
parameters for DLT adoption. We can by no means claim that endogenous or exogenous
supply chain DLT adoption drivers simplify the decision-making process in SMEs, due
to reduced supply chain complexity. We can only argue that exploring the implicit
effects of DLT to SME manufacturers’ business model would supplement the process
model proposed. Under the business ecosystem perception adopted in our study, SMEs
usually constitute the critical part of the niche ecosystem actors. If we add this to the
fact that manufacturer’s role and ecosystem position massively affect the degree of DLT
impact on business model dimensions, when studying SMEs manufacturers instead of
LEs we could reveal potential differentiation of the process model proposed in this
study.

In the multiple case studies sample, when investigating the implicit effects in
business model that stem from DLT adoption, selected manufacturing organizations
operate under the MTO and MTS strategies, since based on literature are considered to
be the two most prevalent manufacturing strategies. DLT implementation for
manufacturers that adopt ETO supply chain strategy would reveal to what extent the
proposed process model would comply with the information management needs and
the ecosystem characteristics of a supply chain type with a ‘pure degree of
customization’ and high product complexity. Various ETO types have also been
proposed in literature. All ETO types focus on the amount of responsibility that is
managed in-house the core competencies, the supplier relationships, environment and
types of risk (Amaro, Hendry, and Kingsman, 1999; Hicks and McGovern, 2001). It is
therefore apparent that trust, being a fundamental DLT implementation driver, along

with data openness, as key activity for DLT adoption, and ecosystem dimensions, such
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as partner relationships are massively affected under a different format in ETO supply
chain.

When investigating the in-house supply chain DLT adoption causation we consider
that an organization belongs to the RBC category of MTO industry and not in the VMC.
The latter are expected to demonstrate by default a more grounded reasoning for in-
house supply chain DLT adoption. VMCs need to achieve higher cross functional
collaboration, due to its continuous efforts to design and configure manufacturing of
new or modified products and deal with varying production loads (Kingsman and
Souza, 1997). The level of re-configurations and frequency of production circles are
expected to affect job shop configuration. For instance, based on potential job shop
routing set up, which is a good fit for a VMC, jobs can start and finish at any work
center, allowing complete freedom and customization (Stevenson, Hendry and
Kingsman, 2005). In addition to that, highly customized products might imply higher
inbound delivery lead times and different supplier order and inventory replenishment
strategies. Those essential MTO attribute differentiations are highly possible to
counterbalance some of the in-house supply chain adoption drivers and consequently
affect their business model impact.

The absence of postponement manufacturing strategy in the case selected, removes
a critical touchpoint between the demand captured at market level and the operational
decisions at the decoupling point. However, future research into a MTO manufacturing
company, which applies late configuration strategy and TOC methodology could reveal
if and how the decoupling point can be transferred upstream or downstream to the
supply chain and if its positioning against the in-house supply chain bottleneck could
affect DLT adoption.

Finally, although literature emphasizes the relationship between WIP inventory, TT
and manufacturing leanness there are also other metrics that could be considered to
investigate the impact of in-house supply chain DLT adoption and leanness. For
instance, future studies could investigate the composite shop floor metric of
productivity and the performance indicator of quality as indicators that could depict the

relationship between DLT adoption and leanness improvement.
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Appendix

01 |Based on what key criterig do you select your inbound and outbound material and service supply chain partners ?

02 |Towhatdegree doto openess, transparency and visibility affects your decision to partner with a key suppiy chain partner ?

03 |Towhat degree doto openess, transparency and visibility affects the decision to partner with a non-key supply chain partner ?

04 |What do you assess in your former supply chain partners when you decide to re-partner with them ?

What in particular do you assess in your former supply chain partners, when you are about to re-partner with them and assign

them a role critical to vour supply chain ?
Comparing the established trust between your current key partner and the expecation that another candidate key partner

06 |promises higher level of trust through dota openness , transparency and visibility, to what extend does it affect your decision to

Qs

ubstitute wvour current kev partner ?

Comparing the established trust between your current non-key partner and the expecation that another candidate key partner
Q7 |promises higher level of trust through dota openness , transparency and visibility, to what extend does it affect your decision to
substitute your current non-key partner ?

08 |What eradicates your mistrust against your external supply chain partners ?

"We favor partner competence derived from direct evidence ggainst partner integrity derived from reputational evidence" ? To

a9
what degree does it apply in your company for the following business ecosystem entities ?
Q10 What actions do you take for your current partners each time a key supply chain partner exits partnership with your company, for

any reason, and establishes a relationship with a competitor ?

011 |How do you elaborate on 'near-real-time’ visibility into your 2nd tier material suppliers' operations ?

012 |How do you elaborate on 'near-real-time’ visibility into your 2nd tier service suppliers' aperations ?

To what degree does 'near-real-time' visibility and transparency into your 2nd tier suppliers' data affects your decision to
partner with the respective 1st tier suppliers, for the partner categories listed below ?
To what degree are you keen to redesign, at least partially, your data management process towards opening more data to the

ais

Q14 |external entities listed below, in order to improve value delivery and proposition 7

In order to MESE your vaius proposition objective, to what degree ,are you keen to gpen a substantial amount of dota to the external
entities listed below, given the fact that they are highly competent to leverage and elaborate on your data ?

Q15

What data sharing strategy do you follow with dominant business ecosystem partners that you do not govern or cannot manipulate

Q16 E g
the relationship with them ?

How much is your decision to collaborate with the_prefered vendor, as listed below, affected by the fact that you will need to
open part of your operational data, given that your prefered vendor is already cooperating with your competitors ?
What weighs most in your decision to temporarilly colloborate with o competitor and inevitably share part of vour operational data for

the sake of efficient value proposition and delivery? o
Appart from signing a non-disclasure agreement (NDA) and GDPR, what do you assess before you share gdata with important

Q19 |scosystem actors, eg. investors, research institutions, regulatory bodies etc, given the fact that you do not trust their data tamper

nronf ranahilities or intentions @
To what degree do you gpen more data than usval to the following external entities, when you decide to join an new business

ecosystem, in order to explore new market gpportunities (new market channels) ?

What factors, if any, weigh mast in your decision to gpen more data than usuai, in order to [ncentivize More business cosystem
actors to collaborate with your company ?

Q17

ais

Q20

Q21

"The higher the number of business ecosystem actors that we collaborate with, the more datg we are keen to share with them, to
fuel that ecosystem expansion dynamic". To what degree does that statement apply in your company ?

a22

"The more trust we establish with our key-portniers the less strict we are with them when they deviate from the agreed service

e level agreement". To what degree does that statement apply to your key-pariners listed below ?

024 "The more trust we establish with our non-key-partners the less strict we are with them when they deviate from agreed service
level agreement". To what degree does that statement apply to your nen-key partners listed below ?

025 In order to_improve value delivery and value proposition, what are your key decision drivers in the dilema whether you will push your

gxternal partners to bear the cost to redesign part of their data capture and exchange processes or you will do so?

"We are interested in enhancing our partner's networkability and data sharing capabilities even if that means that we will
026 |both take actions that include to mutually share more data between us, than regulatory compliance imposes".To what degree
does that statement apply in your company for the partners listed below ?

Apdx Table 1: Open ended questions for multiple case study research interviews (mRQ1)

pg. 176



Interview variables:
Trust about: Data ownership, data management, data openness
Ecosystem Actor Relationship Dynamics: actor interdependence, actor position/power, actor relationships
Ecosystem expansion: number of actors, incentive to participate, network effects
Interview dimensions:
Inbound sc partners®: (i} 1st tier mat. Suppliers, ((ii)2nd+ tier material suppliers,
(iii) inbound Logistic Service Providers (LSP)
* Focus on matterial suppliers as more critical than LSP in manufacturing supply chain a
and due to the need to monitor external manufacturing outsourcing
Cutbound sc partners: (i) market channel intermediaries, ({ii) outbound Isp
Customers:
Other ecosystem actors: investors, regulatory bodies, institutions
Business Model Dimensions :
Value Creation (Ver), Value Network (Vntw), Value Proposition (Vpr), value Capture (Vca)
. . R . Interview
Interview Variables Supply Chain Dimensions i
Question nr
Trust variables, sources of trust inbound, outbound al
Trust through DLT , actor role , DLT business ecosystem actor
e A ! Y inbound, outbound Q6,Q7
relationships change
Trust variables, actor roles, DLT business ecosystem actor
! 4 v inbound, outbound Q2,03
relationships creation
Trust through DLT, Business Model Value inbound (material suppliers) Qi1
Trust through DLT, Business Model Value inbound, outbound (LSP) ai2
Trust at 1 I I,DLT busi T ct
rust at ecosystem level , usiness ecosystem actor bt ot Q13
relationships creation
Relationship change shock inbound, outbound ailo
Trust variables,sources of trust, rebuild DLT business
: 2 inbound, outbound Q4,05
ecosystem actor relationships
S f trust ,act le, risk of collaborati ith
ources of trust ,actor role, risk of collaborating wi T S S, Q17
competitors or co-opetitors
Business ecosystem actor position/power, level of trust inbound, outbound Q25
Data openness, Value proposition all Qi4
Data openness risk all Qis
Dat: Val iti Risk d by act
ata openness, Value proposition, Risk emerged by actor b, SR Q1s
relationship dynamics
Business ecosystem actor role, lelvel of trust inbound, cutbound 023,024
Low trust level, sources of trust ecosystem ais
Mistrust, sources of trust inbound, outbound, ecosystem Qs
New market/white space opportunities , business ecosystem all Q20
actor role
Data openness, trust variables , network effects inbound, outbound, ecosystem Q21
Data openness, ecosystem expansion inbound, outbound, ecosystem Q22
Data openness for niche ecosystem actors all Q16
competence vs integrity (trust organisation model
3 P i grity { g inbound, outbound, ecosystem Qs
dimensions)
Data openness intnention (apart from regulatory bod
4 p_ (ap g ¥ Y inbound, outbound Q26
legislation)

Apdx Table 2: Multi case-study research interview design (mRQ1)
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Interview |B.M. dimensions np— =
E Supply Chain dimensions 1st order Concepts
Question 4V BM
For key L5Ps and material providers trust based on data openness is a significant partnershi
Ver inbound, outbound i _\-' B B = B e
decision maker
For non-key supply chain partners trust based on data openness is not a significant partnershi
02,43 ver inbound, outbound i ol B p_ 2 5 = 2 .
decision maker, appart from non key outbound LSPs that it weighs a bit more but still does not
- For both key and non-key market intermediaries trust based on data openness is not significant
Ver inbound, cutbound i e,
|partnership decision maker
a1l Ver inbound, cutbound }Assess how complete are potential supply chain inbound and outbound partner's data
s lAssess ential supply chain inbound and outbound partner's compliance with quality and SLA
al Veor inbound, cutbound o pm RERH i B A L
specifications
al Ver inbound, cutbound lsssess potential supply chain inbound and outbound partner's technical capabilities
N inbound, cutbound, [We prefer our partners to demonstrate competence vs integrity if we had to choose between those
s : ecosystem fwo trust variables
Ver Vea inbound, cutbound, We believe we can manage integrity with strict rules and visibility but for competence this is not
i ecosystem the case
Near real time' visibility into 2nd tier material suppliers affect organization's propensity to trust
Ver, Vntw inbound, cutbound B i g b ! _ e 3 o L
Qi3 its respective 1st tier material suppliers
Near real time' visibility into 2nd tier LSP trust affect organization's propensity to trust its
Wer, Vntw inbound, outbound s A W e proR 1y
resepctive 1sttier LSPs
. Near real time’ visibility into 2nd tier material suppliers trusted data enhances organization's cost
Ver, Vea inbound S
a1 structure capabilities .
. Near real time' visibility into 2nd tier material suppliers trusted data affects organization's
Ver, Vica inbound i 2 ,
[flexibility to mitigate risks.
Near real time' visibility into 2nd tier LSP trusted data strengthens organization's faith on 1st tier
Qiz Ver, Vea inbound, outbound z " s = =
partner integrity and performance.
Both key and non-key 1st and 2nd tier material suppliers are eligible to be substituted if their
Ver, Vntw inbound, cutbound V i L e =
respective competitors are expected to be trusted more.
R COutbound LSPs are more eligible than inbound LSPs to be substituted by their respective
Ver, Vntw inbound, cutbound it it e i
competitors if more trust is promise
Q5,07 e H
Ver, Vntw inbound, cutbound Non key LSPs are not paid much attention on how they perform and how much they are trusted
Both key and non key market intermediary actors are not highly possible to be substituted by their
Ver, Vntw inbound, cutbound V s L . i ER i
‘competitors if the latter promise more trust
Qlo Vntw inbound, cutbound When relationship shocks occur organizations ensure data leakage protection with stricter rules
8 Vitw inbound, cutbound, Partner's actionable willingness to improve would strengthen its relationship with the respective
ecosystem manufacturer
Ve inbound, cutbound, System ownership and process design is viewed as the most important factors for engagementin
a5 ! ecosystem any DLT business ecosystem, rather than who will bear the cost and drive the process redesign
vpr inbound, cutbound, Expected benefits beats trust concerns in actors decision to implement changes required by DLT
ecosystem adoption
Vntw inbound, outbound, Data visibility allows proactive action that will lift, to a large extent, any doubts about partners’
ecosystem potential suspicious behavior
a8 — inbound, cutbound, Data openness reduces information asymmetry and facilitates ecosystem actor's performance
ELosystem evaluation based on trusted data
it inbound, cutbound, Data accuracy and consistency achieved through data openness would be an ideal basis for
ecosystem mutual operations improvement effort to thrive
az1 i inbound, cutbound, If opening more data is needed to attract more actors to collaborate with, then we need to do it by
ecosystem ensuring data leakage and data management intentions by our potential partners
Vpr inbound, cutbound, Storng propensity to open more data for the 1st material and inbound LSP partners if it is about
Qe ecosystem, customer value creation improvement
vpr inbound, cutbound, Companies are not against but do not see much value of redesigning their processes for the sake
ecosystem, customer of 2nd tier supply chain partners' and other ecosystem actors' efficiency
. High trust level will not increase tolerance on SLA deviation above predefined thresholds,
023,024 Vntw inbound, outbound . : i e
irrespective of the partners role and ecosystem position

Apdx Table 3: Business model dimension impact on multiple case study data structure per

open ended interview question.
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Interview |B.M. dimensions 2 = z
A Supply Chain dimensions 1st order Concepts
Question 4V BEM
inbound, cutbound, = 3 g
Q16 Vntw High propensity not to open data to other dominant players
ecosystem, customer
Conflict between data openness to supply chain partners for operational purpose and data
Ver, Vea inbound, cutbound p_ ik 5 P Ll
opened to regulatory bodies
R Opening more data than thos required through regulatory obigations reduces flexibility on reactive
Q26 Ver, Vea inbound, outbound p_ 3 A L)
actions
Open more data to anyone than those required by central authorities will be only on project basis
Ver, Vea inbound, cutbound 2 ¥ i L ¥ ol
only
inbound, outbound, pt i
Vniw Data are assets and are not opened unless there is solid reason to do so
ecosystem
s inb d b d
inbound, cutboun
Vntw % o Ecosystem expansion does not provide by default any measurable benefit to justify data openness
ecosystem
A Relationships with supply chain partners might be reviewed in the case that a supplieris
17 Vniw inbound, cutbound % B 5 ppY 5 - - 5 2 - e
cooperating with competitors, especialy with 1st tier material suppliers
Ver, Vniow inbound, cutbound Reassess partners competence to deliver results through trusted evidence, to re-establish trust
04,05 Ver, Vnow inbound, cutbound Request for more data openness to re-establish broken relationships
Ver, Vntw inbound, cutbound Assess similarity of companies goals vision and intentions to re-establish relationships
Q18 Vpr inbound, outbound Predictability of competitors' behaviour based on social network
Q21 Vritw inbound, outbound, If data opening is demanded by a candidate partner, then we need to assess partners
ecosystem trustworthiness
Vpr eCosystem Evaluation of partner's integrity on data management based on social network
ais Vpr ecosystem Data provision, if necessary, in generic form to any untrusted ecosystem important actor
If references from social network leave shadows on partner's data privacy and data management
Vpr ecosystem e _ 2 4 5
capabilities and intentions ,then that is collaboration show stopper
Qz Vriti inbound, outbound, Open more data to expand the partner base if this is expected to bring significantly more benefits
ecosystem than not doing so
Vpr inbound, cutbound, Data openness only to 1st tier suplly chain partners even if they have storng capabilities to
BeCosystem, customer elaborated on knowledge created through data share
Q15,018 Vpr inbound, cutbound, Data openness beyond 1st level of supply chain partners is not desired, due to unknown actors
i eCosystem, customer capabilite to build on knowledge shared
Vpr inbound, cutbound Expected benefits drive data openness and collaboration prospect with competitors
inbound, cutbound,
Ver, Vpr Open more data to the outbound partners to explore new markets
ecosystem, customer
Q20 Ver, Vpr inbound, cutbound, Open more data with the 1st tier materela suppliers, if any extra configuration is needed, to take
! BeCosystem, customer advantage of new market opportunities
inbound, cutbound, e
Ver, Vpr Open more data to customers to explore new market opportunities
ecosystem, customer

Apdx Table 3: (continued) : Business model dimension impact on multiple case study data

structure per open ended interview question.
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a1

02

a3

as

06

a7

]

Q1o

Q11

Q12

Q13

014

Q15

Q16

17

Q18

Q19

Q20

021

Q22

Q23

024

Q25

Q26

Q27

Q28

Q29

Q3o

Q31

Q32

Q33

Q34

How possible is any in-house involved party to interpret the events that impact productivity based on
his/her perception ?

To what degree are investment decisions related to your department, driven by inefficiencies
revealed in internal audits ?

How do you manage internal audits ?

How time consuming are internal audits ?

How often are temporary inefficiencies reflected in internal audits ?
How do you share data with partners/vendors ?

How much do you trust the information exchanged by vendors/partners ?
How often are 5LAs with external service providers violated 7

How do you share data with other factories/offices in the group ?

How do you employ asset maintenance ?

How often do you request cause-efect analysis from external maintence providers for unpredicted
equipment errors/misfunctions/damages ?

How satisfied are you overall with the maintenance processes 7
What ineficiencies do you recognize in inventory deliveries by external manufturers 7

How resource consuming is to deliver information for equipment pay-per-use cost calculations ?

For equipment pay-per-use cost calculation do you rely solely on infromation available on your
databses ?

How resource consuming is to deliver information for contractor's cost calculations ?

For contractor's cost calculation do you rely solely on infromation available on your databses ?

To what degree do you have visibility on manufacturing processes applied in external manufactured
parts ?

How much are you involved in external manufacturer compliance with specifications given by your
company appart from the initial partner onborarding steps 7

How time consuming is to perform Quality Control on external manufaciured pars ¥

How costly is it to perform Quality Control on external manufactured parts ?

How often do you share specific production process data with customers ?

How are audits from external entities employed 7 [s-str)

How resource consuming is to gather data related to production processes in case of claims ?
How do you record supply chain sustainability factors and metrics ?

How much do you act upon customer feedback ?

How is customer feedback communicated internaly ?

Please name the different connected [online) in company's intranet information systems or
databases involved in the production system operation?
Please name the different stand alone [offline) information systems or databases involved in the

production system operation ?
What intra-company data exchange inefficiences do you recognize ?

How often data shared with the production system need to be revised ?

How satisfied are you with the 'near-real-time' information exchange between company departments
that intersect to production system operations ?

What standardized business processes are linked with partners/ vendors with automated data
transfer (eg EDI) ¢

To what degree do you consider that more production process integration with parrtners/vendors is
needed?

Apdx Table 4: Open ended questions for multiple case study research interviews (mRQ2)
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Interview variables:

Data exchange, Real time data access, Data openness, Data capture, Data quality (hidden, ambigucus, incosistent)
Trust

supply chain efficiency

Supply chain process integration

Supply chain data integration

Supply Chain Units of analysis:

In-house [supply chain departments and activities performed internal to the company) that are:
In-house Logistics, Production, Quality Control, Engineering, Maintenance, Inventory management,
Inbound Receipt, Procurement, Production Planning and Control (PPC)

Manufacturer case study selection criteria:

-High level in-house supply chain efficiency effectiveness [based on KPIs)
-High information system integration

-Absence of late configuration manufacturing strategy

-Low level of industry regulation

-Large enterprise (LE)

Group Production Plant section criteria

- Manufacture the same group of products

- Similar production volume

- Top PPC performers (based on the Manufacturing group PPC annual evaluation)

Business Model Dimensions :
Value Creation (Vor), Value Network (Vntw), Value Proposition [Vpr), Value Capture [Vca)

Interview Variables Interview Question Nr
real time data access, data capture, data quality al

supply chain efficiency, data capture, data availability Q2

trust , supply chain efficiency a3

data capture a4, Q25
supply chain efficiency, data quality, Qs

data exchange a6, Q9

trust, data openness a7

trust, supply chain efficiency, data openness Q8

supply chain efficiency Q10, 12, 13, G20
trust, supply chain efficiency, data quality 011

supply chain efficiency, data capture g14

trust, data exchange, data quality, real time data access Qais

supply chain efficiency, data exchange ale

data exchange, data cpenness Q17, Q18 Q22
supply chain efficiency, data openness ai9

supply chain efficiency, data capture Q21, 023, 024
data exchange, real time data access Q26

data exchange, data openness, real time data access Q27

Supply chain data integration Q28, 29, Q31
Supply chain data integration, data quality Q30

real time data access Q32

Supply chain process integration, data exchange Q33

Supply chain process integration 034

Apdx Table 5: Single case-study research interview design (mRQ2)

pg. 181



(f RQDA: Qualitative Data Analysis — g x

Add Delete rename | Meme Project

Unrmark

Anna  Coding
Selected.code.id.is.20

benefit and risk for data openness

benevolence based trust

Code
data openness and partner dependency Categories
data protection Conne
evaluaticn realibility
need to know basis Alttnbutes
partner competence
partner dependency and data leakage File :

Categories
social network source of trust

Journals
transactions design based on benefits
trust and control Settings

trust threshold for specific actor roles
trust to rebuild relationship
visibility at ecosystem

visibility for ops performance

(5 RODA: Qualitative Data Analysis

Add Delete rename  Memo

AddTo| |DropFrom| |[Unmark | Mark

Selected.category.idis.7

business expansion

data openness as barier

dit architecture

information assymetry

integrity and data privacy

knowldedge generation through data cpenness
partner ability to deliver results

partner integrity

power and influence

relationship change impact on trust and dependency
risk in relationships

trust in partnership

Selected.code.idis.20

transactions design based on benefits

benevolence based trust

Apdx Figure 1: Code and Code Categories in RQDA for mRQ1 data structure

{F RODA: Qualitative Data Analysis £ [m}

| Delete rename | | Memo | Project
Anno | Coding| |Unmark Mark Eiles
Selected.code.id.iz.9 1
conflict of interests @
external communication ineffiencies
: i Code
informaticn flow bottleneck Categories
investment decisions Casis
KPI ambiguity
multiple sources of evidence Attributes
PPC reviews
preduction disruption File .
Categories
SLA deviations
Journals
Settings

|Add To

= (F RODA: Qualitative Data Analysis

Delete rename | | Memo

Drop From| |Unmark Mark
Selected.category.id.is.3

competition

cross functional collaboration

data driven decisions

information assymetry

single source of truth

Selected.code.id.is.7
conflict of interests

PPC reviews

Apdx Figure 2: Code and Code Categories in RQDA for mRQ2 data structure

m] X
Project
Files
Codes
Code
Categories
Cases
Attributes
File
Categories

Journals

Settings

Project

Files

Codes

Code
Categorig
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Attributes
File
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Settings
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@ RQDA: Qualitative Data Analysis
y

Add Delete rename |

AddTo| |DropFrom| Unmark
Selected.category.id.is.10

business expansion

Memo |

etk

data openn s barier

dit architecture
information assymetry
integrity and data privacy

knowldedge generation through data openness

partner ability to deliver results
partner integrity

power and influence

refationship change impact on trust and dependency

risk in relationships
trust in partnership
Selected.code.id.is.7

need to know basis

=] X

Project
Files
Codes
Code
Categories
Cases
Attributes
File
Categories

Journals

Settings

@ oo 4

e kg g 488 e e arh meea

transparency and visbiity.

— v e o

d part : ¥No data openness for key inbound and
outbound partners, then possibly no agreement

<data open gependency> After all most digitalization efforts that
are referred to opening and share our data have been mplemented with
focus into our key 1st tier suppliers.

B\ = cannot overlook data privacy for the sake of data
openness benefits.

SRS 1\ 5 highly dynamic environment our relationships are
alvays subject to intentional or unintentional change. Our data are our
assets and based on the relationship set up we need to adjust the level
of data access and visbiity.

<benevolence based trust>\When mistrust emerges, clear intentions proven
through transparent undisputable condlusions is the key. There s no
room for any error, even unintentional, untl we reestablish trust.
SRS aREESSREEREES T hat kind of innovations have to be
carefully designed so that they meet our expectations and data
management concerns. I am pretty confident that this, rather than the
expected total cost of the solution, would be the major challenge also for
our partners who wil be asked to get engaged.

EiEEE SRS . dcpends on the expected benefits.
When we think of a new way to exchange and access data I can think of
some highly promising occasions that the benefits would overrule budget
restrictions.

<trustand control*\We need to control those transactions with our partners,
that our in-between system integration has not managed to deal
effectively with supply chain information coordination.

<trust and control> Transactions with unfamiliar partners carries risk that we

Apdx Figure 3: Coding in RQDA for mRQ1 data structure

Memo |

| Delete | rename

[aad |

éAnm:; ..deing Unmark ‘. Mark.
Selected.code.id.is.B

conflict of interests

external communication ineffiencies
information flow bottleneck
investment decisions

KPl ambiguity

multiple sources of evidence

PPC reviews

production disruption

SLA deviations

‘Settings

O

Project
Files
Codes
Code
Categories
Cases
Attributes
File

Categories

Journals

@ porv m|

g UGS e
EFEEESSES NS+ does not happen often to have deviations in our data
compared to those held by out contractors but when it does we work on it on a
case by case basis

<KPlambiguity>Sometimes in our daily meetings we have to keep notes on incidents
referred by praduction supervisors that might affect productivity KPIs and you
need some experience to guess which incident might affect what
EFVSTRERIEEEBNE T s not actualy often to encounter problems that have not
been spotted in audits or in daily operations and have been overlooked, even those
that their solution requires some low budget. In some case though we discovered
that minor repeated problems selved on the spot concealed larger problems that
came to surface later”

#SCAdeviations*\We work close with our vendors to improve SLAs but for some
vendors we almost know what deviations to expect and act proactively to stock on
time what we need, even though we sometimes get unpleasant surprises.

“5LA deviations*More production process information exchange integration with our
vendors, could save as some pain

<PPC reviews=\We need to quickly run PPC review scenarios before we approve any
and to do so we need a lot of trusted information that is not only held internal to
the company but nvolves capactty, inventory, delveries etc. of our vendors
<PRCreviews>Delays in material receipt is among the most common reasons to
review our production plan

EFEENEEE 1 has happened to find out that based on system dates due

tn nnexnecter delavs we wnnld he nit nf stnck for snecific critical materials and

Apdx Figure 4: Coding in RQDA for mRQ2 data structure
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Apdx Figure 7(15): HA-OEM VSM ‘as-is’
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Apdx Figure 8(01): HA-OEM VSM ‘to-be’ based on DLT scenario
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Apdx Figure 8(06): HA-OEM VSM ‘to-be’
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Apdx Figure 8(07): HA-OEM VSM ‘to-be’ based on DLT scenario
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