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Abgtract: In today's manufacturing industry, digital transfiation has become a focal point for academia and
practitioners due to its potential to drive supphain management and sustainability outcomes. {famsformation
provides numerous opportunities to improve stratetgictical, and operational capabilities to mestainability goals.
However, the high level of uncertainty associatéth @igital transformation programs has createdbttoamong many
manufacturing companies about the successful amdopfidigital transformation in their supply cha@irocesses. While
previous studies have examined digital transformnatechnologies and their implementations in sugplgins, little
attention has been given to the drivers and baressociated with adopting digital technologiessigstainable supply
chains, especially in the context of manufacturirigerefore, this study aims to fill this gap byyding a comprehensive
overview of digital transformation adoption in méamturing supply chains and identifying the critickivers and
barriers to successful digital transformation imnpdatation. A total of six barriers and eleven drsveave been selected
from the literature. Finally, this study providesights for decision-makers to overcome the mairidya that hinder the
successful implementation of digital technologiesupply chain functions, which can lead to a higktaical supply
chain level from a sustainability and operatiorfitiency perspective.

1 Introduction potential to revolutionize the way SC processes are
Over the past few years, the term “digitaeXxecuted by making them more efficient, transparamd
transformation” (DT) has gained significant impatain  secure [3,7]. In addition, they help manufacturing
the business world [1]. This is due to the impddigital companies enhance flexibility, transparency, and
technologies on manufacturing processes, whicheldsty ~ productivity, generate innovation and optimize SC

a change in the way businesses operate. This cliang@perations. Therefore, integrating digital transfation
often referred to as the second machine age. Duketo technologies into business models and SC operagans
competitive and volatile nature of the trading eoninent, to more efficient and sustainable operations [2] D
organizations must develop capabiliies to handig@volves the entire business and needs to be ateegjinto
technological and operational mutations [2]. THDE,has Ccorporate strategy. It allows firms to achieve more
become a buzzword concept. For example, in Gerntiaay, Satisfactory customer service, enhanced relatipsshith
transformation of manufacturing companies into tdigi Suppliers, creating real-time visibility on themtérnal and
entities is called "Industry 4.0" [3], whereas fretUnited ~€xternal operations, and thus, a more potent cativeet
States, the term "industrial internet" is commamed [4]. €dge [8,9]. Reaching well-balanced sustainable Igupp
However, DT is broadly characterized as leveragiggal ~chain performance levels depends on tracking curren
technologies to devise novel business models af@chnological trends and being aware of digital
opportunities that align with the rapidly changimgsiness transformation while focusing on operational exametie.
landscape, which puts intense pressure on supglin ch!n this context, DT represents a strategic decittian can
managers [5]. As a result, many organizations havgsult in improved supply chain performance and
adopted DT to improve systems integrations [6]. Theompetitive advantage [10,11]. o
significant transformation in supply chain manageme _Despite the potential advantages and benefits oD T
(SCM) is due to the emergence of disruptive teatgies SC operations, its adoption is subject to high Ik
under digital transformation, such as the inteofehings ~uncertainty, leading many manufacturing compan@s t
(I0T), cyber-physical systems (CPS), big data aitaly doubtits adoption. This uncertainty arises fromvarious
(BDA), machine learning (ML), cloud computing (CC),operational, environmental, social, and financedtérs
radio frequency identification (RFID), and business that affect the long-term performance of companies
business (B2B) networks. These technologies hage tH2,13]. However, DT adoption in sustainable supply
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chains (SSCs) is not free from barriers. Few sifient « RQ3. What insights can be provided to practitioners
studies have been conducted on the barriers to DT and policy-makers to overcome the identified DT
adoption. Some have developed a conceptual frankeor adoption barriers?
address these barriers in the manufacturing copte}t The paper is structured as follows: Section 2 dessr
while others have focused on analyzing the bart@iBBT the methodology used to conduct the study. Secdion
adoption in the supply chain context [9], High-Teclogy  provides a comprehensive review of the relevagsiditire.
Manufacturing [14], and logistics service providgtS]. In Section 4, the study focuses on identifying dnieers
Some research has even looked into barriers speoifi and barriers to DT adoption in SSCs. The main figdli
micro, small, and medium-sized enterprises (MSMEs)nd related discussion are presented in Secti@edion
[16]. However, there are only a few studies ondfieers 6 discusses the study’s implications. Finally, the
and advantages of DT adoption in the supply chaitext conclusions and recommendations for future researeh
[15,17,18]. outlined in Section 7.

However, current research has not tackled the
taxonomy of DT drivers and barriers in SSCs from @  Research methodology

manufacturing context. To fill this gap, the authdilave  The first objective of this study is to conduciterhture
conducted a comprehensive overview of DT adoptiogyiew focused on DT technologies and their adapitio
drivers and barriers in the sustainable supplyrcbantext. sscs. with the aim of identifying the key drivensda
The novelty of the proposed paper includes theeteteof  payriers associated with DT adoption in SSCs. Toeae

the DT adoption drivers and barriers in SSCs from @5 the authors have used online databases ssich a
manufacturing perspective based on current lite2atu scopUSs and 1SI WEB OF KNOWLEDGE to select
Therefore, the main objective of the proposed sWwelg elevant peer-reviewed journal papers and booktenap

translated into the following research questions: These databases are widely recognized as two oftise

* RQL What barriers hinder DT adoption in SSCs fromtomprehensive and reputable academic research tools
the manufacturing context? globally [11]. In addition, a total of eleven drigeand six

* RQ2. What are the drivers of DT adoption in SSCsarriers to DT adoption in SSCs have been selected
from the manufacturing context? through an extensive literature review.

Figure 1 provides an overview of the step-by-step
research methodology followed in this study.

)
Databases > SCOPUS and IS WEB OF
selection KNOWLEDGE
Time range: | cottection | Title, abstract, keywords-based approach:
2015-2023 \ of papers ) e Digital transform ation adoption in
1 sustainable supply chains.
N\ e Digital transform ation barriers
Sorting the papers e Digital transform ation drivers
based on.: e Digital transform ation adoption
e Vear-wise drivers in sustainable supply chains
e Joumal-wise y o Digital transform ation adoption
l barriers in sustainable supply chains
DT adoption driversin supply chains
Analyzing the research e DT adoption barriers in supply chains
papers addre ssing
DT and its adoption in
S3Cs
]
Identification of DT
adoption drivers and
barriers in3SCs
L J

’

Identification of research issues

Figure 1 Step-by-step research methodology
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3 Literaturerevien reshape how they create and deliver value to their

3.1 Digital transformation customers [37].

DT has become widely recognized as a driving force L ) )
for academicians across various disciplines, ad agl 3.2 Digital transformation for sustainable supply
practitioners and decision-makers [15]. DT involdgital chains
platforms, high-level asset management, and inter- Digital technologies arising under the DT umbrella
organizational and intra-organizational interacsionhave created numerous opportunities and positive
induced by digital technologies [2,19]. Over thest21 expectations for reducing the environmental impaict
century, the digital policy has evolved from a decalized expanding supply chains and conserving resourcds][2
hierarchical functional structure to a globally neated DT technologies across the SC network help act®@s
IT-enabled network structure [20]. DT enables neWy creating more visibility into the system condegn
business workflows and extends the trading enviemtm emissions [39]. This highlights the need to mowrira
by utilizing digital technologies [21]. At a higkuel, DT classical supply chain to a sustainable and digieiabled
leverages digitally integrated technologies to tigvenore one [26,40]. This transformation includes product
intelligent  manufacturing  processes.  Innovativelevelopment, procurement, manufacturing, logistics,
technologies under digital transformation, suchl@g suppliers, customers, and services [41]. In aduitioT
CPS, BDA, ML, CC, and RFID, lead to smarter proguct technologies provide crucial advantages for SCsh s1s
processes as they are the prerequisites for aeneanss- improving information availability and creating Fdiame
linkage of systems [22,23]. According to Nayalle{E3], transparency, agility, and flexibility, which leads
DT is the process by which organizations transftreir  improved profitability and efficiency, optimized $C
business models and eco-system by engaging digiiactices, and reduced cost and delivery timess,thu
capabilities. Also, digital technologies providenmerous contributing to sustainable development [2,42].
socio-managerial and strategic opportunities for For example, blockchain technology (BT) is a
organizations. They generate opportunities to ereaire decentralized technology that guarantees informatio
flexible, responsive, and integrated business nsobgl transparency, traceability, and security. BT dgfgreatly
networking with a broad range of partners, inclgdinfrom other information systems (IS), such as emisgp
customers and suppliers [24]. Due to these disreptiresource planning systems (ERP), by having four key
technologies, companies could generate additiontglatures in its design: non-localization (deceitadion),
customers, revenues, and business value [25]. Tilis, Security, verifiability, and intelligent executiof43].
features a new way of using and connecting digit&uring the last years, companies adopted ERP sgstam
technologies, blurring corporate boundaries [261 antheir SC processes [44]. However, they lacked aevaiv
allowing new market behaviours and transactiond. [27view of their SC, as they were unable to track rthei
Despite being risky, DT drives long-term organiaagil  products' status beyond their SC network [45]. Muez,
performance by reshaping the overall financial ealu ERP, as a centralized system, saves all informatiom
creation process [28], particularly internal presssand single central location/server, which makes it e@sye
customer and supplier relationships [29,30]. Theregf attacked, corrupted, and hacked [46]. BT is a niufor
decision-making has shifted from the asset leviiédleet this issue as it improves SC processes and makeSGh
one [31]. system energy efficient, thus increasing custonteust

Despite the numerous benefits of DT, the adoption @nd  further enhancing SC performance [47,48].
DT is challenging for incumbent organizations. Aeyt Furthermore, BT plays a crucial role in achievinG S
seek to break new ground in their digital busimasslel, sustainability, addressing sustainability challesiough
they frequently face trade-offs between traditicarad new the use of immutable and decentralized data, teanspy,
working methods [32,33]. In short, Digital transfation and smart contractual relationships to solve grgwin
leads to three fundamental changes within companiegistainability concerns [49,50]. Aside from the ahdBT
namely digitally-enabled and interconnected openati could decrease the environmental and social issleged
digitally-enabled communication, and new value tioga to SC by reducing and controlling the recall anaaek
patterns through digital innovation or acquiredtdiglata. [51].
These changes are evident across all industridsiwide. Likewise, loT meets the requirements of the
Organizations could initiate minor changes, such aistainability pillars [52]. It involves a set okwces
disconnected digitization efforts, to progressivelyift —interconnected with each other to exchange data tha
their traditional business model into a digital onerequire minimal or no human intervention by usiagsor-
However, DT can require a significant deviatiomirthe based technology. 0T technology could contribute t
status quo and make existing business models dgbsoleperational efficiency and revenue growth, provdia
[34,35]. As a result, DT forces companies to reimmrs competitive advantage for companies that can imer¢m
their managerial practices [27,36]. So, manufaeturi it [53]. However, loT also poses security risks and
companies need to develop their digital capaksliie —Struggles to manage and control information sharedng

stakeholders [52,54]. To address this issue, loT lma
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integrated with BT to enable effective stakeholdata present and predicting future social problems, BDA

exchange and enhance SC profitability [54,55]. capabilities align with the Triple Bottom Line and
Furthermore, big data analytics (BDA) is charaegt=dli contribute to enhancing sustainability performance

by the collection, extraction, and storage of maessi [56,60,65].

datasets, commonly known as the “6Vs” ( Volume,

velocity, variety, value, veracity, and variabi)it}6]. It 4 |dentification of digital transformation

associates with a_nalyzing and examining_extgnsive adoption drivers and barriers for

amounts of data with variable types to identify dad . sustainable supply chains

patterns, trends, and correlations using advance X ;

technologies to enhance operational efficiencyfarttier As previously stated, d?SP".e the streng_ths and

explore new markets and opportunities [57]. BDA hagdvar)taggs of DT technologies in SC operations and

become vital for organizations and society [58jided, the sustainability concerns, r_esearch on DT _adoptloBSHG:s_

complexity of supply chains makes monitoring S as been _unexplored. in the extant I|terature_ review
anufacturing firms strive to reach the global ceatitpve

functions difficult, especially when following a ) ) -
sustainability agenda, since some SC players migthbe advaqtage of products and Services while aCh'eV'F‘g
gustainable development goals. This comes by orpati

transparent [59]. However, BDA helps to analyzeada L ; >
P [59] wev P yz more visibility and transparency in SC operations.

from each SC player at different decision-makineels, .7 2 . ,
: ; : s o Therefore, designing digital and sustainable suphlin
which can help in SC planning and visibility deoiss [60]. systems is needed to enhance SC profitability and

From the sustainability perspective, BDA could mirze ) . "
delivery time by integrating numerous customersictvh effectiveness and. achieve SDGs. However, DT adojsio
can be achieved through real-time information stegri not free from parrlers. For this paper, barnesrata_ted to
thus reducing energy consumption [61,62]. Also, BD'L_(‘actors that. hinder and prevent the implementadibBT
allows SC members within each SC function to uncovd the susta!nable supply (;haln context. Thesefaatifect
unsustainable and unethical activities or otheratieg manufactqrmg companies .?ffO”S to .adopt DT
technologies from a sustainability perspective. Eoev,

environmental conduct, as well as it could measarbon he dri ¢ digital ¢ : dontion iB<Sref
emissions and air pollutants [63,64]. BDA applicat are the drivers of digital transformation adoption i@ssrefer
to the factors that motivate organizations to adbgital

also likely to support SSCs from the social dimenddy . ; - g
minimizing SC risks related to the procurement ofechnologies and strategies to improve SC opemtion
Tables 1 and 2 summarize the literature related to

goods/services [65]. Additionally, BDA can minimize . d bari 10 digital technolodi i
supply chain risks related to procurement and smppéjr'verS and barriers to digital technologies adumptin

social sustainability. By comparing past perforneandth supply chains.

Table 1 Summary of studies investigating drive®®bfdoption in different supply chains

References Analytical methods Key features
Gupta et al. [7] Literature review and Be$tforst Methogldentification and ranking of digitizati
(BWM) based on experts' opinions. enablers for supply chain
performance improveme
Yang et al. [25] Literature review Identification of the main drivers behi
manufacturing firms' adoption of digi
technologie
Queiroz et al. [32] Conceptual analysis Exploring the enablers and capabilitie

digital supply chain

Agrawal and Narain [35] Literate review, expert interviews, dldentification and Analysis of the k
Interpretive Structural Modeling (ISM). |enablers for digital transformati
implementation in supply chai
Alzarooni et al. [36] Literature review, Decisiomaking tria|ldentification and analysis of the m
and evaluabn laboratory (DEMATEL)enablers for digital supply cha
and Interpretive Structural Modeling (ISl|transformation in the service indus
Yadav and Singh [48] Principal Component Analysis (PCA) gldentification and analysis of blockch

Fuzzy-Decisiommaking trial an{critical success factors for sustaina
evaluation laboratory (DEMATEL). supply chains.

Attaran [66] Literature review Exploring digital technology enablers &
their implications for supply cha
managemer
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Table 2 Summary of studies investigating barrierBT adoption in different supply chains
References |Analytical methods Key features
Kumar Dadsena and Pant|[Glerature review and Fuzzy Analyjldentification and ranking of supply ch
Hierarchy Process (FAHP) based on exgddigitalization barriers in the light
opinions sustainable development go
Agrawal et al. [9] Literature review, experts' interviews, {ldentification and analysis of the mg
Interpretive Structural Modeling (ISM). |barriers to  digital transformati
implementation in supply chai
Jones et al. [12] Literature review and researendg. Description of DT in manufacturing 4
the main barriers to adopting it fbee,
during, and after the COVIR9
pandemic
Kouhizadeh et al. [49] Literature review and DBam-MakingAnalysis of the main barriers
Trial and Evaluation LaboratgBlockchain technology (BTadoption i
(DEMATEL) based on experts' opinio  |sustainable supply chai
Chaouni Benabdellah et |Literature review, Analytical Hierarclldentification and ranking of ¢éhbarrier
[50] Process (AHP) method, and Decisitm-Blockchain technology (BT) adopti
Making Trial and Evaluation Laboratdin viable circular digital supply chai
(DEMATEL) based on experts' opinio  |(VCDSCs)
Kusi-Sarpong et al. [57] Literature review and Békirst Metho¢Selection and analysis of the main ri

(BWM) based on experts' opinions. associated wit the implementation of b
data analytics (BDA) in sustaina
supply chain:

Moktadir et al. [61] Literature review, Delphi technique bajAnalyzing the major barriers to f

on Analytic Hierarchy Process (AHP). |implementation of Big Data Analyti
(BDA) in supply chains within th
manufacturing industry in Banglade
Selguk Percin [67] Literature review, Delphi method, gldentification of barriers to big dg
Pythagorean fuzzy analytic hierardanalytics (BDA) adoption in circular agri
process (PFAHP) based on exp{food supply chains in Turkey.
opinions
Bag et al. [68] Literature review and Fuzzy TolExploring the main barriers and th
Interpretive Structural Modeling (TISM). |interactions with BDA in sustainal
humanitarian supply chai

Raut et al. [69] Literature review, DEMATEL, Interpretiyldentification and analysis of BO
Structural Modeling (ISM), and fuziimplementation challenges in Ind
MICMAC. manufacturing spply chains

Through literature review, both drivers and bagier cost, and return on investment (ROI) issues [6819,
DT adoption in SSCs have been identified. The mosixternal barriers which reflect the market comjmetiand
critical drivers and barriers have been selectegidering demand uncertainty, lack of stakeholder involvemant
the manufacturing and sustainability contexts. émtlehe DT adoption, lack of industry commitment to ethieald
DT adoption drivers include process improvemensafe practices, legal and regulatory uncertaintsrs]
workplace improvement, cleaner production, vertanadl velocity of technological development [50,61,70,71]
horizontal integrations, visibility, information afhing, social and environmental barriers which are relédddw
sustainable technology capabilities, cost savimgsste, environmental regulations, wasted resources, latk o
and emissions reduction [1,66,70]. However, the Dfualified human resources, lack of information slwar
barriers involve organizational barriers which@lated to quality, lack of understanding of the interplay vibegn
lack of top management support and strategic afiemt technology and human beings, lack of collaboration
and the lack of organizational readiness [9,61%8,6 between stakeholders and Lack of SC partners’ awgage
technological barriers which refers to lack of thyskills about social and environmental concerns and digital
and infrastructural facilities, privacy and sequdbncerns, transformation technologies [9,39,50,68,70]. Fig2ir@nd
low maturity levels of DT technologies, and scapili 3 summarizes the DT adoption barriers and drivars i
challenges [61,70], financial barriers which arated to SSCs.
high implementation and running cost, high sustalitg
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Organizationg Technological
barriers barriers

External barriers Financial barrierp

Barriersto DT
adoption for

SSCs.

Environmental
barriers

Social
barriers

Figure 2 Barriers to DT adoption for sustainable supply chains

~ Process _Workplace Visibility
improvement Improvement
~Vertical Horizontal
integration integration
Information Cleaner productiolv
sharing
Sustainable Waste reduction

technology capabilitigs

Drivers of DT
adoption for

SSCs.

Emissions reductio

=]

Cost savings

Figure 3 Drivers of DT adoption for sustainable siypghains

5 Findings and discussion to the lack of digital skills and infrastructural facilities.

A total of six barriers and eleven drivers have beeMost of the current technologies are still not able to meet
selected from the literature review. The barriers to Dhe present infrastructure needs. For example, to run BDA
adoption have been categorized into six dimensiongfograms, data collection, storage, and processing are
organizational, technological, financial, external, sociaghallenging due to the lack of infrastructure readiness
and environmental. Organizational barriers refer to the latk0, 73]- Also, digital skills include IT knowledge, machine
of management commitment, support, and strategarning, data mining, and optimization [59,66,70].
orientation. Indeed, SC managers need to make long-teffawever, these skills are lacking in the manufacturing
commitments and support sustainable supply chaf@ntext, e;pemally in under-d_evelopmg countries. Privacy
management practices using DT technologies. Hence, #@pd security concerns can discourage SC managers from
management support is required for a sustainable at@plementing DT technologies. Data security and privacy
digitally enabled supply chain [9,70,72]. An organizatiofdre critical barriers to manufacturing companies that are
needs to define various Strategic orientationsi such \ggrried about hacker attacks. This could be possible due to
customer and supplier orientations, technologicdhe increasing exchange of information between suppliers
orientation, and smart orientation, to create successfild customers. Data security is needed for companies to
sustainable and digital transformation initiatives. Yegompete in the global market [61]. Furthermore, low
manufacturing companies worldwide need mor&aturity levels of DT technologies and scalability
management support, leadership, and relevant experieé@llenges are also affecting DT implementation in supply
to take advantage of it. In addition, it provides a cledihain systems. These technologies may lack stability and
vision and strategy for digital transformation programs ifonsistency regarding standards, and the increasing
companies. In fact, older employees are unfamiliar with tHimber of partially tested devices may lead to uncertainty
latest technology and their benefits, so without top/3,74]. Financial barriers refer to high implementation
management commitment, these employees will res@hd running costs, high sustainability costs, and ROI
change. Moreover, organizational barriers also address thgues. Indeed, data collection across the supply chain
lack of organizational readiness. So, manufacturingetwork and conversion to a digital system are costly for
companies need to create a cultural shift to cultivating@mpanies. Similarly, sustainability practices adoption

data-centric mindset [68,73]. Technological barriers refépose costs. Furthermore, the ambiguity and lack of
clarity on ROI benefits make stakeholders reluctant to
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implement DT technologies. The fear of a failed Dlpartners’ awareness about social and environmental
implementation leads to a loss of confidence imvedng concerns and DT technologies.

the investment made. Otherwise, high investmerdsiae Furthermore, the proposed study has also identified
guarantee the readiness of new digital technolpgieBT adoption drivers, which are as follows: process
resources, skilled workforce, and new organizationamprovement, = workplace  improvement,  cleaner
capabilities. Manufacturing companies need to m®vi production, vertical and horizontal integrationsihility,
digital technologies training, such as IT systeraming to  information sharing, sustainable technology caj#ds|
their workforce to achieve a positive return onrthégital  cost savings, waste and emissions reduction. Rrigan
transformation efforts [41]. External barriers eefl the be viewed as external or internal enablers of why
market competition and demand uncertainty, lack afrganizations embrace digital transformation [1},71
stakeholder involvement in DT adoption, lack ofustty Auto-adaptive systems handle the planning, contmot]
commitment to ethical and safe practices, legal arekecution of production. Hence, the expected benefi
regulatory uncertainties, and velocity of technataj include higher efficiency and reduced error raths.
development. In fact, the adoption of sustainabdetres addition, the use of disruptive technologies casuen
and digital technologies into SC operations is timeergonomic work since robots perform complex and
consuming [67]. This could affect the organizason'dangerous activities [71]. DT adoption can alsoruonp
market competitiveness and ultimately providenanufacturing processes while minimizing breakdowns
competitive risks, including uncertainty regarditige and setup times. This leads to reducing costs. oBens
market demand for sustainable products, customtchnology collects data directly at the operatideael
behavior, and future sales [49,75,76]. Externabfuwees and processes it for integration at the managemeeat.
and support from external stakeholders to adofthe associated control information is returneduftothe
sustainability practices and DT technologies cquigh hierarchy to the production systems [75,76]. Witis t
manufacturing companies to integrate them intort8€ information exchange, production-level planning dzn
operations and activities. However, the inapprderiamore accurate, leading to running a wide rangeadyrcts
government and industry policies and commitmendtice and production in smaller lots. Otherwise, the gragion
and support sustainable and safe practices act asofavarious IT systems used in different SC functi@amd
roadblock to achieving sustainability and advancedctivities allows better exchange of materialsrgyeand
technologies in business processes [43,49]. Finsdigial information within the supply chain system. Digital
and environmental barriers refer to DT technologied transformation serves the environmental pillar of
their relationships with the two pillars of susdiiity. sustainability, as it fundamentally involves optiing
These barriers include low environmental regulajonresource consumption, energy efficiency, and wast
wasted resources, lack of qualified human resoutaek emissions reduction, thus enhancing SC profitgbdind

of information sharing quality, lack of understamgipf the  effectiveness.

interplay between technology and human beings, ¢dck  Tables 3 and 4 classify and rank key drivers and
collaboration between stakeholders, and lack of Skarriersto DT adoption for SSCs.

Table 3 Key drivers associated with DT adoptionS8Cs

Rank Drivers Ngmb_er of Source
citations

1 |Information sharin 9 [1,2,25,32,36,40,48,66,7

2 |Visibility 8 [1,2,35,40,48,65,66,7

3 |Emissions reductic 7 [2,25,30,35,40,70,7

4 |Cost saving 6 [32,35,40,48,66,7
Waste reductio 6 [2,12,30,40,66,7!
Process improveme 5 [25,38,48,52,7(

5 [Cleaner productic 5 [2,30,36,38,7(
Sustainable technology capabili 5 [1,30,40,70,7¢
Workplace improvemer 4 [15,25,38,52

6 |Vertical integratior 4 [12,25,34,3€
Horizontal integratio 4 [12,25,32,34
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Table 4 Key barriers to DT adoption for SSCs

Rank Barriers Number of Sour ce
citations

1 |Organizational barrie 14 [6,9,12,14,16,49,50,57,61,67,68,69,71
Technological barrier 14 [6,9,12,14,16,49,50,57,61,67,68,69,71

2 |Financial barriel 13 [6,9,12,14,16,49,50,61,67,68,69,71

3 |Social barrier 8 [6,12,50,57,67,68,69,7

4  |Environmental barrie 6 [6,9,12,49,50,6

5 |External barriel 4 [6,50,67,71

6 Study implications the importance of addressing them. Therefore, toeyd

This study contributes to digital transformationdan Start to take the abovementioned initiatives setignto
sustainable  supply chain management researdHlly develop the required capabilities for a surstale and
Nonetheless, quantitative and qualitative studiegrivers ~ digitally enabled supply chain.
and barriers to DT implementation for SSCs stikteh¢o
be included. Firstly, both drivers and barriersendeen 7  Conclusions
selected from the current literature. The selechéders The present work aims to identify and discuss e k
and barriers may provide a roadmap for academia addvers and barriers to digital transformation aétwp for
policy-makers to comprehensively overview digitakustainable supply chains from a manufacturing eodnt
transformation implementation in the supply chaintext. ~The adoption of DT is the main agenda for both el
Manufacturing companies need to introduce suitabknd developing countries in the context of manuifiéog.
strategies to achieve a high level of success & tiCurrent research has not tackled the taxonomy of DT
implementation. Findings reveal that decision-makedrivers and barriers in SSCs from a manufacturorgext.
should consider the organizational, technologicallherefore, this study was conducted in two stageflt
financial, external, social, and environmental ieasr this gap. First, the authors have analyzed the padt
before the DT implementation. However, manufactrincurrent literature on DT and SSCs. This step wa®tant
companies need to create and retain a sense ofayrge for understanding the current status of digitahtetogies
a first step in the digital transformation process,many implementation in manufacturing supply chains. The
firms have already started implementing digitasecond step was to select the critical drivers lzarders
technologies in their business activities. Alsofrom previous studies. A total of six barriers aldven
organizations should create a suitable environntieaitt drivers have been selected. A comprehensive griaSp o
focuses on innovation, a culture of commitment, and dimensions is needed to shift to sustainable agdadi
digital mindset at all decision-making levels. Tiesults supply chain systems successfully. The selectedbdri
also argued that manufacturing companies requita daan motivate manufacturing companies to shift suppl
scientists and analysts, as they can collect, @efind chains from a classical level to a sustainabledigdally
analyze data. In addition, digital transformationgrams enabled one. Digital transformation program allows
could only be successful with these skills. Dig#taturity manufacturing companies to process improvement,
skills, mobile technology skills, blockchain, lodnd cloud workplace improvement, cleaner production, vertaad
computing skills are also required for the digitahorizontal integrations, enhanced visibility, higvel of
transformation of firms. Therefore, manufacturingnformation sharing, enhanced sustainable techgolog
companies need to invest in specific training amohdy capabilities, cost savings, and waste and emissions
programs to enhance workforce skills and allow them reduction. A better understanding of the drivelsved
cope with new technologies and smart digital sohgi manufacturing companies to proactively and poditive
Otherwise, SC managers should promote the beradfits shape the digital adoption process. However, DTidoar
digital technologies and improve collaboration byhave been explored to mitigate the risk of impletaon
improving the quality of information sharing amo8¢ failure. These barriers have six dimensions: owgitnal,
partners, focusing on organizational, technologicalechnological, financial, external, social, and
financial, external, social, and environmental lesst IT environmental. Overcoming these roadblocks wiltéase
units and organizations must jointly formulate airgible the successful adoption of DT and, subsequently, th
and digital strategic plans to address all the dppdies effectiveness and efficiency of supply chain system
to cope with all selected barriers and further ewohi However, this study had limitations that pavedwlas
sustainability goals. This study is the first temtify the for future research directions. Firstly, this resbacould
drivers and barriers to DT implementation in SS@sfa not be generalized, as it was devoted to the maturfag
manufacturing context. sector. In addition, the selected barriers andedsineed to

From the above discussion, a clear overview ofedsiv be checked by experts. Their insights and feedlzack
and barriers will allow manufacturing companiesdalize help to ensure the relevance and accuracy of difid
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drivers and barriers, thereby enhancing the overallity
and reliability of the study. This makes it chafierg to
generalize the obtained results. Future researdd apply
other potential unique techniques to select thebeayiers

Transformation on Supply Chain Process Management
Using Text Mining,Processesyol. 10, No. 5, pp. 842,
2022. https://doi.org/10.3390/pr10050842

[6] KUMAR DADSENA, K., PANT, P.: Analyzing the

and drivers, such as qualitative studies and direct barriers in supply chain digitization: sustainable

interviews. Although the proposed paper is thet fics
identify the barriers and drivers of DT implemeiuatin
sustainable supply chains from the literature, tjtadive
studies are needed to prioritize key barriers, sutviers,
and drivers and evaluate their cause-effect relakips.

Thus, multi-criteria decision-making (MCDM) methods

development  goals  perspective, Operations
Management Researc¥ol. 2023, 2023.
https://doi.org/10.1007/s12063-023-00351-6

[7] GUPTA, H., KUMAR, S., KUSI-SARPONG, S,

JABBOUR, C.J.C., AGYEMANG, M.: Enablers to
Supply Chain Performance on the Basis of Digitoati

could be considered for this analysis. Moreover, a Technologiesindustrial Management & Data Systems,

systematic approach is needed to identify key dsiand

barriers, allocate available resources wisely,@gdte the

environment necessary for sustainable and digitpply
chain systems. Empirical evidence on ranking DVets
and barriers and assessing their relationship dhbal
carried out for both developed and developing ademt

[8] ALSUFYANI, N.,

Vol. 121, No. 9, pp. 1915-1938, 2021.
https://doi.org/10.1108/IMDS-07-2020-0421

GILL, A.Q.: Digitalisation
Performance Assessment: A Systematic Review,
Technology in Societyyol. 68, No. February, p.

101894, 2022.

However, future studies need to be directed toward https://doi.org/10.1016/j.techsoc.2022.101894

different sectors. In the future, DT adoption sigis for
sustainable supply chains can be pinpointed aressesd
using empirical research models such as small sasiggs

using structural equation modeling (SEM). Furtheneno

[9] AGRAWAL, P., NARAIN, R., ULLAH, I.: Analysis &

Barriers in Implementation of Digital Transformatio
of Supply Chain Using Interpretive Structural
Modelling Approach, Journal of Modelling in

future conceptual frameworks and empirical evidence Management,Vol. 15, No. 1, pp. 297-317, 20109.

about the impact of digital transformation adoptemd
sustainable supply chain performance may be iryegstil

to evaluate to what extent manufacturing firms doul

involve digital transformation technologies to irope
their sustainable supply chain performance.
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