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Suppliers, partners, companies and dealers in supply chains do use, generate and share information with
others. These associations lead to a multitude of challenges and opportunities within the supply chains. A
Digital Supply Chain (DSC) is a smart, value-driven, efficient process to generate new forms of revenue
and business value for organizations and to leverage new approaches with novel technological and
analytical methods DSC is not about whether goods and services are digital or physical, it is about the way
how supply chain processes are managed with a wide variety of innovative technologies, e.g. unmanned
aerial vehicles, cloud computing, and internet of things, among others. Recent literature highlights the
importance of DSC and many industrial researchers discuss its applications. This article reviews the state-
of-the-art of existing DSC literature in detail from both academic and industrial points of view. It
identifies key limitations and prospects in DSC, summarizes prior research and identifies knowledge gaps
by providing advantages, weaknesses and limitations of individual methods The article also aims at
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providing a development framework as a roadmap for future research and practice.
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1. Introduction

Digital technologies have profoundly altered the way people
communicate and interact with their surroundings. Technological
novelties and personal gadgets, such as mobile devices, personal
computers, self-driving cars, drones, advanced television units,
wearable devices, smartphones and smartwatches change the way
how societies access and exchange information. These emerging
new technologies affect every industry. Supply chains and logistics
services are no exception. Nevertheless, many operations for
producing and delivering goods or services to customers are being
carried out independently in current organizational structures.
Conventional supply chains consist of physical facilities scattered
geographically to help establish and maintain transportation links
among them. Supply chains can be defined as a series of
interconnected activities that involve the coordination, planning
and controlling of products and services between suppliers and
customers. Many of these organizational structures are no longer
self-sufficient due to technological developments. Digitalization
has touched almost each and every aspect of human life all over the
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world, greatly affecting supply chain processes. According to
market forecasts [1], 76% of global population have now access to
internet with half of them actively using social media. Moreover,
nine out of ten internet users make online purchases, 43% of
companies make use of sophisticated big data analytics. Cloud
storage is projected to hold about 37% of all generated data by
2020. In the same time horizon, 26 billion internet-connected
“things” are expected to become operational. Digitalization has a
disruptive transformation effect across industries, generating
value and network effects. One day, people may even be able to
dispatch fleets of vehicles with a simple handheld device. It may be
possible to find out the contents of a cargo container with just a
brief electronic glance. Before long, wearable computers on sleeves
could be available. With possibilities abound, organizations
become more aware of these potential developments and
emphasize how DSC can add value to firms. Considering that
the primary focus of organizations is to keep and strengthen their
core competences in a competitive market, modern organizations
should interact with their dealers through DSC processes for the
production and delivery operations of their goods and services.
The DSC is in its infant steps, and the most of its potential for
value creation remains unclaimed. Nonetheless, it has set supply
chains and the logistics industry into a rapid change and a novel
innovation path. In today’s emerging digital model, data centers
replace physical warehouses, bits replace the physical boxes,
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bandwidth replaces the physical trucks. There are shifts in channel
management from conventional distribution centers to retailer
services to broadband providers, to online, and directly to the
customers. Within the DSC, there are many innovations, e.g.
Augmented Reality (AR), Big Data (BD), Cloud Computing (CC),
Robotics (R), Sensor Technology (ST), Omni Channel (OC), Internet
of Things (IoT), Self-Driving Vehicles (SDV), Unmanned Aerial
Vehicle (UAV), Nanotechnology (N) and 3D Printing (3DP), to name
a few. Recent literature highlights the importance of DSC and many
industrial researchers discuss its applications. Determining all
potential benefits of different DSC implementations is a tedious
task, as most of the benefit is not derived from the DSC itself but
from the numerous solutions that arise from DSC implementa-
tions. Integration of DSC can provide various benefits to supply
chains and logistics, which are addressed throughout this paper.
The paper reviews the state-of-the-art within the context of DSC
and introduces a framework proposition. It summarizes the past
studies on the subject by critically consolidating and examining
contributions of prior research. It starts with a discussion of the
DSC literature to capture the conceptual and theoretical state of
research to identify knowledge gaps in the literature, including the
similarities and differences between the components of digitali-
zation and their relation to the DSC. Our original contribution to
DSC literature stems from our analysis of advantages, weaknesses
and limitations of the published methodologies. The review also
reflects the implications and inferences of DSC, challenges and
success factors with a managerial perspective. The study presents a
framework by synthesizing past knowledge, identifying important
biases for the further development of DSC to help academics and
practitioners in organizing, conceptualizing and conducting their
research on DSC in the future.

The identification, realization and assessment of DSC requires a
framework to build upon. Many benefits of digitalization in supply
chains are still untapped, because crucial organizational trans-
formations and their management are often neglected or
postponed. Academic and industrial researchers have suggested
several types of approaches to evaluate potential DSC possibilities,
but little research has been conducted so far on how to construct a
complete conceptual or theoretical DSC framework. In this paper,
we intend to fill this research gap.

This literature review attempts to answer the question of ‘How
to integrate the existing importance of digitalization into supply
chain or logistics?” The answer to this question involves the
development of a framework that can be used in the identification,
realization and assessment of benefits DSC can bring about. These
discussions also include the similarities and distinctions of
components and their relation to the problem statement,
implications and inferences of DSC technologies, challenges and
success factors. The section on managerial implications will
separately discuss these overlapping issues and differences.

The study discusses the benefits of DSC transformation to guide
researchers and industry experts in organizing, conceptualizing,
and conducting their research on DSC of the future. Instead of
presenting empirical results, the outcome of this extensive review
aims to present a foundation for further research in this field. In
this context, this study offers a development framework to capture,
present and relate the digitalization in the supply chains. The main
task of implementing and verifying DSC is to identify its critical
stages, which is not only essential for supply chains to manage and
function better (such as to fully transformed DSC), but is also
functional or essential for a typical supply chain to catch the
transformation path for DSC.

This article is organized as follows: the following section
reviews and categorizes related publications (e.g. journal articles,
theses, industrial reports, etc.) and explains the methodology
adopted in this literature review. The third section discusses the

concept of DSC, its definition, features and components to build a
conceptual framework that is derived from existing literature. The
fourth section describes the advantages and challenges of
digitalization for supply chains and logistics. A DSC framework
for development is constructed in the fifth section. The sixth
section presents the managerial implications to discuss the
limitations as well as possible directions for DSC. The final section
contains the article’s concluding remarks.

2. Review of literature on DSC

This review of journal articles and industrial reports is based on
a classification methodology, which presents how the literature is
approached as a basis for the conceptual and theoretical
framework. First, the classification used in this literature review
is explained and then the methodology of the literature review is
introduced.

2.1. Method of study

Relevant publications are located with the help of a detailed
online search with the objective to collect, organize, and
synthesize existing DSC knowledge. Identified papers span several
types of interrelated disciplines including marketing, manage-
ment, operations management, management science, industrial
engineering, and supply chain management. Due to the lack of
precise key words defining the topic, we put substantial effort to
sort academic and industrial journals by reviewing their titles,
abstracts and manuscripts in the traditional and electronic library
systems. Usually, this step can be carried out by targeting
prominent journals and conferences. This is not the case for DSC
since this recent phenomenon has emerged only a few years ago
and related publication channels are still scattered. Using search
queries in online databases is today the dominant method of
identifying the most relevant papers. It is more practical and
appropriate to focus on online databases rather than reviewing
library collections for a literature review on DSC. Therefore, the
following major online databases were targeted for the past six
years: Elsevier's Scopus, Thomson Reuter's Web of Science, IEEE
Xplore, ProQuest (ABI/INFORM), and ScienceDirect (Elsevier). This
search indicated that the concept of DSC is still in its early years of
research and development among academics, while it is widely
recognized and discussed among practitioners. To include
industrial reports, Google search engine is also used for a wider
reach-out.

In this study, we review and classify relevant studies to gain
insight on DSC. The overall review methodology for DSC papers is
graphically presented in Fig. 1. Fig. 2 illustrates the significant
findings by presenting a detailed summary in terms of types of DSC
publication and its enablers. The literature sources are investigated
in scientific databases and regular search engines which include
books, peer and non-peer reviewed papers, industrial reports and
white papers. The keywords were not predetermined before the
search but they have gradually emerged during the extensive
reading process that took place while drafting this study. The
nomenclature lists the non-exhaustive keywords which is
completed with the mentioned keywords and terms. Accordingly,
this research captures the trends in the DSC literature by
examining published academic articles and industrial reports,
including DSC technologies, in order ensure that these papers are
sufficiently investigated based on the year of publication, subject,
objective or method. Considering the nature of DCS, however, it is
quite a challenge to confine studies into specific categories.
Considering this fragmented structure, the search in major
databases is supported with Google Scholar search engine queries
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Fig. 2. Types of publication for DSC and its enablers.

to end up with a comprehensive bibliography of papers on DSC. The

following section presents this comprehensive review.
Nomenclature

AR Augmented Reality

BD Big Data

CC Cloud Computing

DSC Digital Supply Chain

[oT  Internet of Things

N Nanotechnology

oC Omni Channel

R Robotics

ST Sensor Technology

SCOR Supply Chain Operations Reference

SDV  Self-Driving Vehicles
UAV  Unmanned Aerial Vehicle
3DP 3D Printing

2.2. Academic literature on DSC

Today’s customers are very aware, attached and knowledgeable
about how to best use the latest digital technologies. The direction
of technological focus is shifting from serving companies towards
serving individuals. Such disruptions can lead to loss of market
position to competitors if organizations do not act in a timely
manner and improve their processes. This forces businesses to

reconsider how they can transform their classical supply chain
operations to better address the demands of the rising number of
their now well-equipped customers.

Digitalization has started to receive much attention from
organizations all over the world as it creates superior benefits to a
wide range of companies. Our review on DSC literature signifies a
gap between the theory and practice in supply chains. Currently
there is a limited number of studies regarding DSC. As far as we
know, there are no academic studies that explicitly focus on the
DSC concept. There however, exists supply chain focused articles
which discuss DSC technologies in terms of their applications. The
following analysis supports this statement. According to the
factors on which DSC literature has been reviewed, the spider
diagram in Fig. 3 highlights that the focus of the study on DSC has
primarily been on its enablers. Existing journal articles and
conference papers related to DSC and its technologies that focus on
supply chains are classified in Table 1. Table 2 then lists the master
or doctoral theses related to DSC.

2.3. Published books on DSC

To the best of our knowledge, the DSC chapter in Managing
Digital Enterprise book prepared by Xu [57] is one of the earliest
books which substantiates the concept of DSC. The book is mainly
about rapid development of digitalization, dramatic advancements
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Fig. 3. Various subjects covered in selected journals.

in digital technologies and its strategic importance in organiza-
tions. There is also a dedicated chapter about DSC that
comprehensively presents DSC in terms of digital enterprises,
issues and success factors of DSC, emerging trends and future
directions. Skilton [58] focuses on practical applications of new
digital solutions and illustrates how companies can have a role in
digital access and digital delivery while illustrating the DSC
capability strategies. Sanders [59] attempts to provide a systematic
framework for companies to display the implementation of BD
analytics across the supply chain on how to turn data into
intelligence and thus succeed to competitive advantages.

Another book that elaborates on the field of DSC is Digital
Enterprise Transformation prepared by Uhl and Gollenia [60]. The
authors published its new edition in 2016 [61]. These original and
new editions are dedicated to the combination of transformation
ability and novel digital skills to be developed. Again, one of its
chapters is dedicated to DSC management, explaining the key
features of supply chain management and the SCOR model. It also
introduces 18 cases of supply chain management to assess digital
cases on the SCOR model to position strategic effort-benefits
portfolio.

A recently published book on DSC entitled “E-Logistics:
Managing Your Digital Supply Chains for Competitive Advantage”
authored by Wang [62] aims to capture the state-of-the-art
developments in managing supply chains to gain competitive
advantage. The book also investigates the emerging technological
changes in e-logistics and considers what the future holds for this
rapidly shifting and evolving field.

The latest book on DSC is authored by Editors Oswal and
Kleinemeier [63]. This book presents an overview of digitalization,
its impacts, drivers and objectives. It includes chapters on DSC
management for the automotive supplier industry, digital business
transformation and the effect of digital culture with its effect on
supply chain organizations, etc. This book details the concept of
DSC and its related technologies to enhance and improve supply
chain management processes.

2.4. Industrial reports on DSC

The analysis of industrial reports is provided in this subsection.
There is a gradual increase in the number of sectoral reports about
DSC as new technological improvements emerge. IBM [64]
predicted in its report that future supply chains would be smarter.
They have identified the challenges and risks that supply chains
will face and priorities that needed to be handled. As far as we
know, one of the earliest reports about DSC is published by

Capgemini Consulting [65], which introduced a digital transfor-
mation approach to supply chains to describe the deficits and
benefits of digitally transformed supply chains. Their framework
consists of DSC execution and strategy stages that in essence
defines DSC as an approach to access extensive information and
achieve greater collaboration. Accenture [66] is another consulting
company that assessed the impact of digital technologies on supply
chain management and offered new opportunities to unlock DSC’s
full potential. To enable DSC, they proposed the following four key
attributes: Rapid, Scalable, Intelligent, and Connected. Another
company, Supply Chain Insights, also published a report on DSC
that sheds light on driving the DSC transformation in the industry
[67,68]. Their report commences with a definition of digital
organization and discusses the creation of a DSC strategy, then
captures the highlights by conducting a questionnaire during the
years 2013 and 2014. Their report aims to help supply chain
managers to align their source, make and deliver strategies.
ATKearney and WHU-Otto Beisheim School of Management united
their forces to prepare a collaborative report about DSC [69]. They
dedicated their study to the future role of DSC in a global and
connected world. Their analysis indicated that managers of leading
European companies expect the digital transformation in next
three years to be traditional (information technology integration)
rather than novel technological advances (e.g. 3DP, R, IoT, etc.).
Monsanto farming company is among the pioneers investing in the
DSC to bring new forms of revenue and business value to the
farming market [70]. They have presented several examples to
share how DSC are connected to better product and customer
experience. Their own improvements made them the 35th top
supply chain company in 2015, a significant improvement from
100s, according to Gartner’s ranking for the last 11 years.
Bearingpoint [1] consulting company presented a report on
trends in DSC management and digitalization’s impact on supply
chain as it transforms every industry. Their approach consists of
prepare, assess, analyze and roadmap & governance steps. The
Digital Supply Chain Initiative [71] gathered information from
twenty-four top managers responsible for the world’s largest
supply chains. These executives forecast that the most significant
transformation for organizations will occur over the next 5 years.
This report provides a DSC implementation framework and
roadmap to assist industry leaders, supply chains managers and
any other specialists interested in leading-edge supply chains
developments. These developments aim to transform supply chain
organization by focusing on the customer, maximizing demand,
decreasing supply chain costs and increasing organizations’
revenues. The report’s practical steps guide business managers
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Table 1
Literature Review of DSC.

References Subject  Objective Method Contribution

Tiwari et al. [2] BD This paper investigates BD in supply chains between 2010 Review This paper contributes by providing a guideline for
and 2016 and provides insights to industries. academicians and practitioners in implementing BD in

different aspects of supply chains.

Farahani DSC This paper provides 17 digital supply chain management = Modeling This paper contributes by providing a recipe for managers
et al. [3] cases for automotive supply chains using expert interviews on how to bring innovations on a cohesive agenda.

to form the basis for the creation of the DSC.

Hofmann and Industry This paper sheds light on the topic of Industry 4.0 in the  Modeling This paper contributes by presenting core components of
Riisch [4] 4.0 context of logistics management. the Industry 4.0 to make the concept more understandable.

Merlino and AR This paper explores the main technological changes and the Review This paper contributes as a review of the main technological
Sproge [5] most advanced cases in supply chain. factors impacting and transforming supply chain.

Majeed and IoT The paper derives a conceptual framework to enhance Modeling This paper contributes by managing, optimizing and
Rupasinghe inbound and outbound operations in ERP for fashion automating the operations in an ERP system through RFID
[6] apparel and footwear industries. technology.

Nguyen BD This paper reviews the BD within supply chain context to Review This paper contributes by proposing a novel classification
et al. [7] responds where and how BD has been applied. framework that provides a full picture of current literature

on BD.

Ben-Daya IoT This paper explores the role of IoT and its impact on supply Review This paper contributes by covering important aspects of IoT
et al. [8] chain through an extensive literature review. in supply chain including its definition, main technology

enablers and various supply chain processes and
applications.

Korpela etal [9] DSC This paper investigates the requirements and Modeling This paper contributes by offering cost effective supply
functionalities of DSC integration. chain integration.

Michel [10] DSC This paper compiles the knowledge of technology Review This paper contributes by stating the six DSC trends using
executives, consultants and supply chain analysts in the the studies of SC analysts, consultants and executives.
area of DSC and industry 4.0.

Scuotto et al. DSC This paper presents the relationship among multiple buyers Modeling This paper contributes by underlining the use of

[11] and suppliers in the context of DSC management. information and communication technology using the
service sector in Italy

Vanderroost AR This paper provides an extensive overview of computer Review This paper contributes by improving efficiency of logistics
et al. [12] systems that are used in the logistics of a food package’s life operations on food packages and encourages resolving the

cycle and that to a certain extent integrate novel technical issues.
technologies.

Biiyiik6zkan DSC This paper proposes a novel MCDM approach to evaluate Case Study The paper contributes by proposing a novel framework
and Goger supplier selection process under DSC environment. Supplier combines the Interval Valued Intuitionistic Fuzzy Analytic
[13] Selection Hierarchy Process to evaluate criteria weights and Additive

Ratio Assessment methodology for alternative assessment
procedure.

Biiyiikdzkan DSC This paper approaches the supplier selection problem in a Case Study This paper contributes by utilizing the interval valued
and Goger DSC environment by the help of an extension of Multi- Supplier intuitionistic fuzzy numbers and a group decision making
[14] Objective Optimization by Ratio Analysis. Selection approach for a suitable supplier selection in a DSC

environment.

Tenkorang and BD This paper discusses the BD issues, trends and perspectives Review This paper contributes by presenting an original literature
Helo [15] in supply chain management. review research and proposes a value-adding framework on

BD IL

Gunasekaran BD This paper identifies the influence of connectivity and Modeling This paper conceptualizes the assimilation as acceptance,
et al. [16] information sharing resources under the mediation effect of routinization, and assimilation stages.

top management commitment on BD and supply chains.

Hazenetal.[17] BD This article presents a research by proposing an agenda Modeling This paper contributes by enabling scholars and
based on a theory by reviewing the eight theories that can practitioners to understand how companywide BD and
be used by researchers to examine and clarify the nature of predictive analytics initiatives might impact measures of
BD analytics impact on supply chain sustainability. supply chain sustainability.

Kumar et al. DSC This article examines the role of smart city in changing the Case Study This paper contributes by developing an integrative

[18] nature and form of traditional supply chain using an Manufacturing framework for understanding the interplay between smart
integrative framework through a case study. system city and distributed manufacturing on supply chain design.

Papadopoulos  BD This study presents a framework in that the BD is used for Modeling The article contributes to the literature on resilience in
et al. [19] sustainability in disaster relief activities in the aftermath of disaster supply chain by a framework using BD.

2015 Nepal earthquake.

Wu et al. [20]  DSC This review focuses on exploring the current status and Review This paper contributes by providing original and relevant
remaining issues of smart supply chain management. guidance for researchers and practitioners on developing

smart supply chains.

Wu et al. [21] BD This article presents a methodology using the fuzzy and Modeling This paper contributes by showing the greater influence of
grey Delphi to identify a set of reliable attributes and capacity and operations than other supply chain attributes.
transform BD to a manageable scale to consider their
impacts.

Zhao et al. [22] BD This paper offers multiple objective optimization Modeling This study contributes in improvement of green supply
methodology for a green supply chain management scheme chain management in three scenarios involving risk
that minimizes the inherent risk occurred by hazardous minimization and carbon emission in different orders.
materials using BD analysis.

Zhongetal.[23] BD This study examines the representative BD applications and Review This paper contributes to the academia and practitioners to
reviews the current technologies, as well as models and get insights and observation of BD implementation in
algorithms are reviewed. service and manufacturing sectors.

Wang et al. [24] BD This study reviews the literature on BD business analyticsin Review This article stresses the significance of BD applications on
logistics and supply chains management and explores the logistics and supply chain management.
applications of BD in supply chain strategy and operation.

Cortésetal.[25] IoT Review



162

Table 1 (Continued)

G. Biiyiikézkan, E. Goger /Computers in Industry 97 (2018) 157-177

References Subject  Objective Method Contribution
This paper offers revisions and proposal of IoT applications This paper contributes by stating the benefits of
in supply chain management and reviews the applications incorporating the IoT not only for gaining the better
of IoT in supply chain management. management and efficiency improvement.

Chen [26] IoT This case study designs the autonomous agent-based trace Case Study This paper contributes simulating food tracing complex
system using IoT architecture based on Fuzzy CM and fuzzy Agriculture system with imprecise relationships for agriculture food
rule methods in products usage life cycles. Food Product  product.

Wamba and BD This review provides BD analytics for supply chain Review This paper contributes to the literature by stating the near

Akter [27] management literature using studies related to the areas future transformation of supply chain management
within SCOPUS. practices using the BD analytics.

Gnimpieba IoT This study aims using IoT and CC technology for real time Modeling This paper contributes by implying the information sharing

et al. [28] and geo-positioning and tracing of goods and collaboration aspect for interoperability and collaboration between
CcC between involved players in a logistic process. involved actors in a logistic flow by introducing the IoT and
CC technologies.
Gospic and M2M This paper presents comprehensive survey on Machine to Modeling This study emphasizes the specific properties of M2 M
Bakmaz [29] Machine (M2M) communications towards realization of communications which are of importance for applications
smart logistics systems. of M2 M systems in logistics services.

Hofmann [30] BD This study deals with BD potential on improving the various Modeling The paper contributes to the literature by operationalizing
supply chain processes and aims elaborating BD BD in the control engineering analyses.
characteristic with the greatest potential that mitigates the
bullwhip effect.

Isasi et al. [31] BD This article aims to review the state-of the-art BD and Review This paper contributes to the literature by identifying the
business analytics applications in supply chains by means of key trends, challenges and knowledge gaps for BD.
bibliometric and systematic analysis.

Mehmood and BD This study uses Markov models for the integration of BD  Modeling This paper aims to contribute to the theory on BD and city

Graham [32] with city transport sharing in health care. operations by exploring how BD leads to progresses in
transport capacity sharing.

Schoenherr and BD This article discusses the results of a large-scale survey on Modeling This paper intents to provide a timely assessment of BD,

Pero [33] BD among supply chain management professionals and illustrate the future potential of BD, and motivate additional
identifies major benefits and obstacles to predictive research on it.
analytics.
Sebastian and  3DP This paper examines the areas of the supply chains which is Review This paper contributes to the literature by pinpointing the
Omera [34] most likely to be disrupted by 3DP and identifies the key necessity to mitigate the effects of disruption on future
issues that must be addressed in a roadmap for future supply chain by 3DP.
researches and practices.

Tan et al. [35] BD This study wishes to address analytic techniques by testing Case Study This study contributes by filling the gap on the lack of data
and developing an infrastructure using the deduction graph Eyeglasses analytics techniques to aid companies to gain competitive
techniques for companies to combine their capability sets Manufacturer  advantage and capture the potential of innovation.
with other companies.

Tadejko [36] loT This paper describes some principles and characteristics of Review This study contributes by introducing and presenting the
IoT, and briefly discusses the application of it in modern current application areas of IoT and future prospects of this
logistics. Some aspects of modern logistics related to the IoT technology.
technology is studied.

Zhongetal.[37] BD This study deals with a holistic BD methodology to excavate Modeling This paper contributes by establishing a guide for end-users
frequent trajectory from extensive RFID enabled shop floor to carry out associated decisions.
logistics data with a number of innovations highlighted.

Hazenetal.[38] BD This paper introduces the data quality problems in the Theory This paper contributes by a review of literature on BD in
context of supply chains management and proposes a supply chain and hope to encourage interdisciplinary
methodology for monitoring and controlling data. collaboration for controlling data.

Leveling et al.  BD This paper focuses on BD solutions dealing with supply Review This paper present BD applications’ classification and its

[39] chains by representing a key discipline for managing the potential benefits. And also, it outlines the general
increased collaboration. technologies of BD.

Rozados and BD The investigations range from the fundamentals of BD, its Review This study contributes to the literature by explore the role of

Tjahjono [40] taxonomy and the level of maturity of BD solutions. BD in supply chains management
Wang and Liu  IoT This article introduces IoT related technologies and then =~ Modeling This article contributes by building a model on Agricultural
[41] analyzes the functions and utilities of IoT by means of Means of Production Supply Chain using IoT technologies.
production supply chain on applications of agriculture
resources.

Bhargava et al. DSC This study examines the challenges and approaches for Modeling This study contributes by suggesting a novel approach
[42] secure collaboration among partners in DSCs. relying on the usage of trust brokers and taint analyses.
Cirulis and AR This paper describes the basic elements of logistics and pays Modeling This study contributes to the literature by implying that AR

Ginters [43] special attention to improvement possibilities in packaging, technologies can improve the execution of logistics
[41] handling, storage and transportation phases. elements.
Ginters et al. AR This paper presents an AR and RFID application for an Modeling This study contributes improvement of logistics processes
[44] outdoor environment combined logistic item visualization by use of AR RFID technologies in outdoor environment.
Waller and BD This paper describes possible applications of predictive Theory This paper contributes by proposing specific steps for
Fawcett [45] analytics and BD in practice and provides examples of interested researchers to research on the intersection of
research questions, as well as examples that stem from supply chain management and BD.
management theories.

Sun [46] IoT This paper presents an approach using applications of RFID Modeling This study contributes by introducing RFID technology for
technology for logistics on loT logistics on IoT.

Wagenaar [47] IoT This research analyses the benefits the IoT has on supply Review This study contributes by increasing revenue in a supply

chains through a literature study, and looks how these
benefits can increase revenue within supply chain.

chain and utilize new business models using IoT.
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References  Subject

Objective

Contribution

Aktepe [48] CC

Aviles [49] CcC

Kache [50] BD

Torgul [51]  IoT

Aikaterini IoT

[52]

Gantzia and CC
Sklatinioti
[53]

Pang [54] IoT

ST

IoT
ST

Keller [55]

Li and Lu
[56]

IoT

This master thesis investigates the awareness of logistics companies
regarding CC, their reasons for preferring or not preferring the usage of
CC and benefits and risks of CC for logistics companies. In this context,
findings derived from the analysis of the data obtained via interviews
with the logistics companies are evaluated in the context of
technological, organizational and environmental issues.

This doctoral dissertation aims to explore the advantages and outcome
of strong collaborative relationships among organizations. The reliance
on the internal relationship of organizations has amplified and become
a principal strategy with the organizations compete as supply chains of
multi-relationship. There are several contradictory views on cloud
viability but supply chain collaboration may be facilitated by the
logistics technologies in the cloud.

This doctoral dissertation focuses on one exemplary under-represented
area of research, concerning the role and value of information in supply
chains in general, and the implications of BD on information usage at
corporate and supply chain level in particular. Thus, taking the digital
business transformation perspective, a key focus is addressed on BD
analytics and the value of information in supply chains.

This master thesis presents a closed loop supply chain to meet the
demand of the sales and collection centers for both remanufactured
and new products. Manufacturers have refurbishing, disassembly and
disposal options for assessment of returned products.

This master thesis proposes investigation of connected services extent
that could be used in the downstream automotive supply chain as a
long term viable solution. Opportunities and challenges is identified by
door-to-door perspectives concerning the different stakeholders
among the supply chain.

This master thesis aims to investigate benefits and challenges perceived
by the cloud providers and third-party logistics firm technology users
and which cloud services are used in the third-party logistics industry.
Thesis has focused on the assessment of three third-party logistics
firms and three cloud providers to grasp the picture in complete.
This doctoral dissertation investigates the technologies and
architectures of the IoT for these two applications as so-called Food-1oT
and Health-IoT respectively to resolve a series of research problems
about the wireless sensor Network architectures, device architectures
and system integration architectures.

This doctoral dissertation evaluates the distribution center in Unna,
Germany for RFID enabled outgoing goods processing. In this case
scenario, distinguishing the tracked RFID tagged pallets loaded onto
trucks and other pallets also in range of the reader is necessary.

This doctoral dissertation examines how the organizational changes in
Small and Medium Enterprises is influenced by the IoT and research
how Small and Medium Enterprises manage the changes in this IOT era.
Finally, to help the Small and Medium Enterprises, thesis suggests
strategy developments to make successful organizational changes.

This thesis contributes by enhancing the competition levels in the
markets by integrating high technologies, CC, offers to the logistics
companies.

This dissertation contributes by stating that maintaining collaborative
relationships provide value-added capabilities that logistics
organizations require in order to remain competitive and be successful
in some cases strengthen by the use of CC.

This dissertation provides a thorough overview of the current state of
research in supply chain management, outlining a range of under-
represented research areas as identified through a review of literature
reviews.

This thesis contributes to the literature by providing a mixed-integer
linear-programming approach for a single product which is totally
modular.

This thesis contributes to the literature by illustrating the opportunities
in automotive industry by the advances in IoT and BD.

This thesis contributes that Software as a Service and more precisely,
transportation administration software, as the most prevailing cloud-
based system applied in the third party logistic industry.

This dissertation contributes to the literature by presenting the
so-called Business-Technology Co-Design, to resolve an essential
challenge in research on the IoT.

This dissertation contributes by identifying meaningful attributes and
addresses those weaknesses by means of a machine learning based
approach.

This dissertation contributes by examining how IoT influences the
organizational changes in small and medium sized enterprises and how
they manage the changes in IoT era.

to better comprehend game-changing technologies that affect all
supply chain organizations and to gain overview of key differences
between traditional and digital supply chains.

Bain & Company Consulting focused on the intangible benefits
of a DSC [72]. Accordingly, the latest digital transformation shaped
intangible assets, things like intellectual property or customer
relationship of a company, rather than its tangible assets. They
offer solutions as applying various digital technologies across DSC
to deliver powerful ways for organizations. Rakowski [73]
presented the latest technology trends in her article to emphasize
that supply chains go digital. She suggests that the future of
technology will drive a new wave of productivity by digitalization
of key organization and financial processes and collaboration will
increase and thus fuel innovation so that organization will be run
simpler with blurred lines and smarter procurements. Cerasis
[74,75] also prepared reports on the future of supply chains to
know how the technology is transforming different industries. EY
[76] prepared another report on DSC from the perspective of BD to
notify companies to act as soon as possible to focus on BD to
preserve their competitive edge. The Boston Consulting Group
described the advantages of DSC in three key paths [77]. It suggests

possible ways to address performance gaps, innovate business
processes and disrupt supply chain strategies. These ways include
applying digital technologies, such as advanced analytics to
calculate the optimal inventory level and forecast future demand
more accurately, rather than applying cumbersome conventional
approaches.

The present and future state of digital transformation in supply
chains is analyzed in the reports of GT Nexus and Capgemini
Consulting [78,79]. Their key findings from the survey with 337
leading executives from several global supply chain organizations
suggest that 75% of executives deem DSC to be “important or very
important”, 50% say DSC is “very important”, 33% of respondents
are “dissatisfied” with the progress so far, while only 5% are “very
satisfied”. They accept that key technology enablers are identified
but have not been widely used. They also expect dramatic changes
to occur within next five years.

DHL runs series of trend research on logistics about creating
value [80-91]. These reports on AR, BD, UAV, Low Cost ST, SDV, IoT,
0OC, 3DP and R in Logistics inspire novel strategies and innovation
in the logistics industry. Strategy& global team also prepared a
series of reports on digitalization of supply chain organizations
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[92-95]. However, there are not any companies that have yet
succeeded in truly building DSC, and DSC applications remain
limited. The experts predict that in the next five-to-ten-years many
industries will be implementing DSC and tremendous changes to
take place.

2.5. Advantages, weaknesses and limitations of DSC literature

It is important to highlight that the identified 109 articles
influenced the results of this study reported in Section 2 (Figs. 2—
3). In some circumstances, the paper under review will still be
utilized to describe the results and to gain a better understanding
of the topic. In this section, the advantages, weaknesses and
limitations of the published methodologies are presented, which
could correlate the papers in order to find future trends, identify
knowledge gaps, synthesize past knowledge, identify important
biases and to find common features among various studies. We
decided to build Tables 1 and 2 with the names of the authors,
year of publication and the reference number as columns. Listed
in the rows, the subject indicates the literature’s inclusive focus,
objective clarifies the goal of the research paper; method
identifies the methodology used in the paper while the
contribution involves the goal of literature’s contribution
statement with its clear and concise focal points. These
characteristics have been nominated based on authors’ expertise
in the field and the relevant studies. Books and industrial reports
are synthesized to identify important biases by narrating their
findings so that short, specific and precise knowledge gaps could
be extracted from these statements.

When the relevant literature on DSC is consolidated and
examined thoroughly, they exhibit certain advantages to the
readers. These utilized advantages describe the roadmap for
establishing the DSC framework in the following sections based on
the overview of the content, scope, and findings of selected
literature. On the other hand, academics and practitioners have
defined DSC from diverse perspectives (Section 3.1). It is easily
comprehensible that so far, there is no unanimously adopted
definition on the concept of DSC. These diverse definitions of DSC
create a complexity for researchers to compile a general
description that is acceptable by the majority. The key fundamental
principles of existing DSC literature have significant limitations
when establishing DSC framework. Based on the papers in this
research category, following sections utilize and identify the key
limitations and prospects in DSC, summarize prior research to
identify knowledge gaps by providing advantages, weaknesses and
limitations of individual methods and introduce a development
framework as a roadmap for future research and practice.

3. Digital Supply Chain (DSC)

The network between companies and their suppliers built for
production and distribution of a specific product is defined as a
supply chain. It represents the necessary steps taken to deliver a
product or service to customers. According to supply chain council,
these steps can be managed with the help of the SCOR model that
consist of the Plan, Source, Make, Deliver, Return processes.
Management of supply chain is a significant process since
optimized supply chains will lead to lower costs and faster
production cycles. However, traditional supply chain has lack of
certain attributes that are needed in today’s and tomorrow’s
business requirements. The traditional supply chain consists of a
series of largely discrete, siloed steps. Transforming a traditional
supply chain into DSC breaks down these walls so that the chain
turns into an integrated system that runs flawlessly. DSC is not
about whether the products or services are physical or digital, it is
the way how supply chain is managed.

An increasing number of senior executives have started to
support and get involved with organizations’ digital initiatives since
more and more of them have realized the importance of digitaliza-
tion on their corporate performance and hence the competitive
advantage of the corporation. In a recent study [96] involving 850
senior executives representing the full range of industries, regions
and firm sizes, 31% of CEOs of the participant organizations
personally sponsored their digital initiatives in 2013 while the same
figure was 23% in 2012. Supply chain operations face a common
confrontation. Detailed information about supply chain operations is
held locally, which in turns creates functional, organizational, and
cultural storage points. This situation undermines the effective and
efficient collaboration among distinctive sections of the supply chain
processes while increasing the possibility of complications evolving
at later stages, and thus limits the options for response [66]. Many
different companies from diverse sectors are investing profoundly
on digitalizing their business operations and their supply chains.
Take major logistics service providers such as DHL, for example,
which monitors and reports on the trends that could have an impact
on the logistics industry in the future. DB Schenker, another logistics
service provider, is investing in a digital mobility lab. Airlines with
strong cargo operations, such as THY, Lufthansa and Emirates expand
their paperless e-freight offerings with data cleaning for customers.
Monsanto, an agriculture company, is investing on ST to digitalize
farming operations. Global retailers Amazon and Alibaba have
invested in drones and R for handling and delivery of goods. The
following subsection summarizes several definitions of DSC taken
from different sources.

3.1. Definitions of DSC

There are several definitions of DSC in literature. The ones that
are found throughout this research are presented in this article
with a chronological order. The definition that reflects articles’
view on DSC is also presented at the end of this subsection.

Capgemini Consulting [65] states that traditional supply chain
relies on a mixture of electronic processes and paper-based
documentations. The organizational structures are often illustrat-
ed by functional and geographical silos which are reluctant to
share information openly, leading to a sub-optimal performance.
DSC, on the other hand, has the capability of making widespread
information available, superior collaboration and communications
across digital platforms, resulting in enhanced reliability, agility
and effectiveness.

Bhargava et al. [42] state that DSC is composed of those systems
(e.g. software, hardware, communication networks) that support
interactions between globally distributed organizations and orches-
trates the activities of the partners in supply chains. These activities
include buying, making, storing, moving and selling a product.

Accenture Consulting [66] proposes that digitalization has the
potential to transform supply chains by making services more
valuable, accessible and affordable. Accordingly, a different
perspective is needed for digital technologies to create new
supply chain opportunities. Organizations should reimagine their
supply chains as a digital supply network that not only unites
physical flows of products and services, but also talents, informa-
tion and finance. In an abstract sense, people and data, as well as
materials, products and supplies, must travel together across the
extended enterprise.

According to Kinnet [70], DSC is an intelligent, value driven
network that leverages new approaches with technology and
analytics to create new forms of revenue and business value.

The analysis of the report prepared by A.T. Kearney and WHU-
Otto Beisheim School of Management [69] defines DSC as the best-
fit technologies that support and synchronize supply chain
processes - including warehouse and transportation systems,
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Radio Frequency Identification (RFID), advanced picking technolo-
gies, and innovative planning and scheduling systems to quickly
alleviate areas of “pain,” such as waste in the supply chain, in a
world where demand is volatile and risks are high.

The Digital Supply Chain Initiative [71] describes the DSC as a
customer centric platform that captures and maximizes the
utilization of real-time information emerging from variety of
sources. They suggest that DSC enables demand stimulation,
sensing, matching and management in order to have an optimized
performance and minimized risk.

According to Rouse [97], DSC is a supply chain whose
foundation is built on Web-enabled capabilities. Many supply
chains use a mix of paper-based and IT-enabled processes. A true
DSC goes far beyond this hybrid model to fully capitalize on
connectivity, system integration and the information-producing
capabilities of “smart” components.

Cecere [68] defines DSC as a process that uses new technologies
to define processes to sense, respond and orchestrate bi-direc-
tionally from market to market (from the channel to supplier
networks). The processes move at the cadence of the market.

This analysis shows that there are several different definitions
of DSC. However, all of them share unifying common concepts. The
definition of DSC, in our view, is an intelligent best-fit technological
system that is based on the capability of massive data disposal and
excellent cooperation and communication for digital hardware,
software, and networks to support and synchronize interaction
between organizations by making services more valuable,
accessible and affordable with consistent, agile and effective
outcomes. Therefore, the objective of this review is to propose
integrated approaches for building an effective DSC structure.

3.2. Features of DSC

Most of the world’s successful organizations have excellence in
their supply chains, and some even argue that the competition
among organizations is competition among their supply chains.
For instance, the two largest supermarket chains in Australia,
Woolworths and Coles, are competing head-to-head with their
global chains in terms of high agility with greater service and cost
productivity. Another example is iPad’s supply chain: its semi-
conductors are manufactured in three countries, the assembly is
done in a different country, the monitors are brought in from
another set of countries, whilst the design and branding is done in
the U.S. where the Apple Inc. is headquartered [57]. Supply chains
are evolving and turning into something novel. The days when a
classical supply chain only moves goods from one place to another
is now over. Nowadays, supply chains require a significant size of
complex activities all of which need to be coordinated and tracked.
Thus, digitalization enables the evolution of the next generation of
supply chains offering both flexibility and efficiency. Since digital
solutions are disrupting traditional supply chains, there are some
distinct features associated with virtually every DSC. These distinct
advantages are compiled into the following eleven main features
that DSC aim to achieve;

Speed: The speed at which goods are delivered is central for
both suppliers and those involved in DSC. Not only do organiza-
tions desire to get the stock as soon as it is needed, but those
working within DSC want to be able to move more in a shorter
period of time. This ability to react quickly to demand is going to be
one of the most important pillars of a DSC as organizations look for
new ways to get product delivery quickly. For instance, Amazon
(Prime Air) and Google (Project Wing) both test drones for delivery
systems to get packages to customers in 30-min or less to break the
illusive delivery barrier. It may be seen as science fiction for the
moment, but DSC will make it real that this kind of speed will be
accomplished [1,66,98].

Flexibility: Digitalization in supply chains implies the need for
operational agility with ease in adaption to changing circum-
stances. This does not describe how items are delivered, but
defines the way how to react to problems within supply chains. For
example, political instability in Syria, diseases like the West African
Ebola epidemic or natural disasters such as earthquakes can be
devastating. Nevertheless, predicting such events or taking
suitable measures and reacting efficiently and effectively can
minimize disruptions in supply chains. This is the case for
traditional supply chains, but DSC has the ability to accomplish
this almost instantaneously by efficiently using the information
collected and modelled [94,98].

Global connectivity: The internet has made the world a smaller
place. Organizations need to deliver goods and services throughout
the world quickly. This necessitates a truly global supply chain to
enable organizations not only to deliver, but also to ensure reaction
at local level. If a certain product made in Europe is demanded in
the United States, it will be inefficient to have it fetched all the way
from Europe to United States at the exact instant it is needed. It
would take a lot of time and potential loss of revenue. Thus, DSC
establishes a way to build effective global hubs to locally supply
goods and services, instead of carrying them across the world for a
sole order [94,98].

Real-time inventory: DSC provides the means to ensure that
the stock on hand is sufficient, but not excessive, to meet the
demand. DSC makes warehouse management more efficient and
monitors stock levels continuously with the help of arrays of
sensors or via other advanced technologies. While customer
behavior changes rapidly, the supply always needs to meet the
demand. Consumers can place orders anytime from anywhere,
thus stock at hand should be monitored in real time. This does not
mean the same amount of inventory should be kept at every
distribution center. It in fact means that buying trends and future
demand for goods and services shall be recognized in advance to
make informed decisions. DSC provides these means required for
advanced analytics [94,98].

Intelligent: New generation technological enablers provide
smart products that are equipped with enough computing power
so that self-learning and autonomous decision-making could be
enabled based on defined algorithms. DSC encompasses this
feature that allow improved decision making, automated execu-
tion and abets innovations in operations [98,99].

Transparency: In a transparent supply chain, links in the chain
do comprehend and act according to other links’ behaviors and
needs. In case of lack of transparency, the orderly flow within
supply chain will inevitably be disrupted somewhere. DSC can
enable companies to act transparently and be better prepared to
disruptions by anticipating, modeling the network, creating what-
if scenarios and adjusting the chain instantaneously to changing
conditions [94].

Cost-effective: Digital technologies are essentially reducing the
cost in almost every area. Initial investment costs can be high for
novel technologies with a decline over time. DSC is essentially a
cost-effective way for organizations, not just because of its
utilization of technological enablers but also because the process
how the supply chain is managed with DSC creates cost efficiency
for organizations.

Scalability: Scaling supply chains up or down according to the
required circumstances often creates a colossal struggle for
organizations. When classical supply chains are integrated with
digitalization, however, scalability becomes less of an issue. This
brings easier optimization and duplication of processes and
simpler spotting of anomalies and errors [98,99].

Innovative: Excellence in DSC is a key feature so that DSCs are
always open for a change. The world is being swamped with novel
technologies at a seemingly faster rate than ever before. DSC



166

should always look for new ways to incorporate these innovations
into processes to remain competitive and ensure excellence in
supply chain. Todays’ innovations are becoming tomorrows’ idle,
inactive, dead technologies. Some examples include the evolution
of TVs from black and white to smart TVs or changes from paper
and pen to smart glasses in warehouses management for
optimized picking. Technologies inevitably change, it is in the
genes of innovation. Information becomes the basis for a
commercial enterprise which has not changed in thousands of
years. People who feel that today’s BD is just an improvement of
past information trends are as mislead as if they were to claim that
a stone tablet is essentially identical to a tablet computer or an
abacus is a same thing as a supercomputer [100]. These are just a
few of the many examples of innovative approaches to DSC across
various functions.

Proactive: DSC imposes proactive actions to prevent potential
disruptions. This can be made possible not only through
troubleshooting, but also by identifying latent issues in advance
through research. It demands a substantial amount of knowledge
and planning to coordinate these problems. DSC offers proactive
solutions to anticipate issues prior to their occurrence, an effective
analytics framework and operational intelligence to satisfy
digitally enabled consumers.

Eco-friendly: Supply chains have a certain level of impact on
the environment. If DSC does not place enough emphasis on

Table 3
DSC Technologies.
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environment, it might lead to business disruption due to negative
press, environmental laws or public awareness, to name a few.
Finding a traditional supply chain with eco-friendly practices in
every single stage is a daunting task. Next-generation DSC can be
able to extend eco-friendly process capabilities.

3.3. Components and technologies of DSC

Several executives struggle simply to stem the tide without
making any profound change in their organizations when they face
with a fundamental change. Others look for new ways to jump
ahead of the curve. It can be observed that notable companies are
trying to digitalize their supply chain operations. From sensors and
cloud services to nanotech and BD, several technologies drive DSC
trends. There are many significant digitalization trends that could
be applied in a supply chain to greatly improve the future. With the
help of several reports published by consulting firms and other
academic researches on DSC, eleven different digitalization
technologies will be explored in this study. These eleven areas
are explained in Table 3.

4. Benefits, challenges and research gaps on DSC

Whether they are small or big organizations, companies need to
look at developing some type of digital organization capabilities

DSC
Technologies

Description

DSC Challenges in Supply Chain

AR [43,88]

BD [24,82]

CC [66,69]

R [69,85]

ST [86]

oc [81]

IoT [83]

SDV [87]

UAV [101]

N and 3DP
[69]

AR is described as the extension of physical reality by adding layers of
computer generated information to the real environment. Information in
this context could be any kind of virtual object or content, including text,
graphics, video, sound, haptic feedback, Global Positioning Systems (GPS)
data, and even smell.

BD is an evolving term that is used to describe any large amount of
structured, semi-structured or unstructured data that has a potential to be
mined for information.

CC delivers a network of virtual services so that users can access them from
anywhere in the world on subscription at competitive costs.

R technology in Logistics is a branch of engineering that involves the
conception, design, manufacture, and operation of R.

ST is essential for robust detection and filling status, product quality,
packaging quality, equipment status in a wide range of field conditions.

0OC is a multi-channel approach to sales that seeks to provide the consumers
with a seamless shopping experience whether the consumers is shopping
online from a desktop or mobile device, by telephone or in a bricks and
mortar store.

IoT refers to the everyday objects that feature an IP address for internet
connectivity allowing them to send and receive data, and so communication
occurs between these objects and other network devices and systems.

SDV is a vehicle that is capable of sensing its environment and navigating
without human input.

UAV is an aircraft with no pilot on board, commonly known as a drone. UAVs
can be remote controlled aircraft or can fly autonomously based on pre-
programmed flight plans or more complex dynamic automation systems.

N is the engineering of functional systems at the molecular scale and 3DP,
also known as additive manufacturing, refers to various processes used to
synthesize a three-dimensional object.

The challenges AR in DSC include social acceptance, addressing privacy, and
profitability for businesses to use it. Other challenges include optimized
picking operations and virtual testing of new supplier parts and packages to
reduce distribution of physical sample products.

For millions of shipments made every day, their origins and destinations,
sizes, weights, contents, and locations, etc. are all tracked across global
delivery networks. But does this data tracking fully exploit value?

DSC, enabled by the CC, have clear challenges which, together, drive
unprecedented visibility, insights and flexibility while operating rapidly and
at scale. Losing the control over the data that was previously housed on
internal servers and/or computer hard drives, safety of the data on the web
and service outages situations are also some challenges.

Challenges on R includes it is not the speed of development, but the fear
humans, governments and regulators have towards the technology.
Flexibility, automated systems to have the ability to keep up with changing
demands, or worries on robots taking over all the jobs and whether they are
secure.

Real-time analysis of data originating from sensors. Improved transaction
efficiency due to ubiquitous process control and factory optimization.
Necessity of deploying extensive and expensive infrastructure in geo-
location.

Direct sales to users and consumers with smaller lot sizes and different
central and regional warehouse needs.

The use of unique identifiers for various types of assets among different
industries on a global scale, seamless interoperability for exchanging sensor
information in heterogeneous environments, establishment of trust and
ownership of data and overcoming privacy issues.

To achieve a vehicle capable of driving itself, four basic interdependent
functions are required. These are navigation, situational analysis, motion
planning, and trajectory control. Beyond technological capability, some key
challenges include regulatory pressures, public acceptance, and liability.
The regulatory environment, privacy concerns, and integration into existing
networks are substantial challenges for UAV. In addition to the tangible (and
technically controllable) challenges of congested airspace and inherent
risks, there is another, less defined area of concern in the public domain.
To successfully implement N and 3DP in logistics requires strong
collaboration, along with high levels of participation between different
players and competitors within the supply chain, and a common willingness
to invest.
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since organizations will compete on supply chains in global level
ultimately. For global organizations, the DSC is the key for
organizations’ long-term growth and success. Some good exam-
ples are Google, Amazon, and Apple; each of them has ventured
many areas in addition to their core business and have leveraged
the advantages of hardware, software, networks, and the large user
base and the collected large amount of data from the large user
base. For instance, Amazon, the largest digital retailer, has
ventured into digital services, software services, CC, mobile
phones, e-readers, tablets, payments, television, media, entertain-
ment, and other areas [57]. A great deal of time and effort of
academics and industry managers are diverted to these activities.
Indeed, there are many things that still need to be done in order to
search for better supply chain structures and strategies. Lean
supply and lean manufacturing systems together with world-class
manufacturing, and continuous improvement concepts (Kaizen),
are all examples of developments that have been born out of these
concerns [102]. DSC, on the other hand, could be the way to
improve and get better supply chain structures and strategies.
Following sections review the challenges and benefits of DSC.

4.1. Challenges and issues of implementing DSC

Various problems can occur along the supply chain. Xu [57]
defines the primary challenges to building DSC as gathering all
required data from many disparate sources and ensuring the
accuracy of that information and developing a software architec-
ture and platform that can use the data to manage and execute the
supply chain. Since the length of chain involves internal and
external partners, it will be slow and prone to errors. Moreover,
existing large amounts of inventory may not be able to meet the
demand, logistics infrastructure can be insufficient and the quality
of goods can be hard to control. Some of these identified challenges
for DSC are presented as follows:

e Lack of planning: Deficiency of proper demand plan and
guidelines and tools [57,94].

e Lack of collaboration: Deficient collaboration with external
associates and deficient input from internal functions
[1,57,71,76].

o Wrong demand forecast: Inaccurate over optimistic forecasts for
demand, inventory, production and other data [57,103,104].

e Lack of information sharing: Companies’ reluctance on informa-
tion sharing [57,92].

e Silver bullet chase: The belief that everything will be fine
[57,102].

e Lack of knowledge: Deficiency of supply chain management
training and skills [57,102].

o Agility and Flexibility: Lack of required flexible and agile supply
chain management [1,57,102,104,105].

e High volatility: Lack of knowledge and skills in dealing with
volatility in supply chain management [57,76,102].

e Over confidence on suppliers: Relying on certain suppliers in
certain parts of the globe [57,102].

e Lack of integration: Deficient view on the integration of digital
and non-digital supply chain management [1,57,76,102].

4.2. Success factors for DSC

The core benefit of DSC is its ability to bring out the capacity of
extraordinary performance in customer satisfaction. The DSC
enables the creation of products and services designed with more
accurate information about customer needs, built with efficiency
and has locations with a quick and easy access of true customers. The
performance measurement in DSC is also very important. This

measure could be examined by ability of filling of orders till due day,
delivery time, supplier reliability, chain cost or delays, among many
others. Despite the many benefits of digitalization in supply chains,
only a handful of early industry adopters have integrated it as a core
process. One exception to this is in the farming industry; Monsanto
leads digital revolution on the world’s oldest industry. According to a
recent study, more than one third of 2000 respondents have started
implementing digitalization in their supply chains, and fully 72%
expect to have done so within five years [94]. Some of the reasons
why DSC adoption has been slow are the lack of awareness among
workforce and stakeholders about digital means and the lack of
required skills across employees and stakeholders. Therefore, the
widespread adoption of DSC will depend on the realization of these
critical success factors as follows:

e Real-Time Visibility: Dynamic, secure and interactive visibility
across the entire supply chain will improve the management of
DSC [67,72,78,102,106].

Continuous collaboration: Capabilities are harmonized within

and beyond physical boundaries to increase collaboration

between involved actors of the supply chain [78,102,106].

e Alignment of suppliers: Aligning the interest of all the firms in

the supply chain with your own to create incentives for better

performance and developing trust (alignment) [57,66,69,78].

Integration: Building the integration of digital and non-digital

supply chains so that a unified and whole view of inventory

across the firm can be achieved [57,66,69].

Shared information: DSC allows easier information sharing on

sales forecast and production data [57,66,67,69,78,102].

Highly evolved operating models: Product and service functions

can be altered easily to meet customers’ changing demands

[66,98,106].

e Adopting advanced analytics and analytics tools: Advanced data
analysis improves decision making. Gaining better understand-
ing and forecasting of the demand and solve previously
unsolvable and even unknown problems along the supply chain.
(e.g., BD and Data Analytics, etc.) [57,66,98,106].

e Automated execution: Seamless human-machine interactions

increase operational efficiency [65,66,69,73,78,79,106].

Enhanced and accelerated innovation: Digital supply chains

inspire and abet innovations in designs, operations and customer

relationships [57,66,67,69,106].

Maximum efficiency: Seamless integration of people, processes

and technology [66,73].

Organizational flexibility: Digital plug-and play capabilities

make it easier to configure and re-configure [65-67].

Personalized experiences, Customer-centricy: Channel-centric

supply networks support customized products and services

[1,57,66,69,98,106].

Enhanced responsiveness: Better information and sophisticated

analytics can help accelerate responses to competitors’ moves,

technology shifts, and changing demand and supply signals

[57,66,67,69,78,98,106].

Proactive prevention: Decision support systems driven by

predictive analytics can strengthen adaptability and reliability

[57,66,98,106].

Last mile postponement: Swiftly repurposing organizational

assets assists on ensuring the supplies are aligned with evolving

demands [57,66,98,106].

4.3. Research gaps on DSC

One of the main objective of this study was to provide a
literature review on DSC research. Our search identified 105
relevant papers. The literature review also showed that very few
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studies were actually conducted on DSC (see Tables 1 and 2) but
most of them were conducted on its enablers that focus on supply
chains. The distribution of papers found have been presented and
discussed. The literature review showed that while there is a
constant increase of papers published on the topic since 2010 (e.g.,
from 2 papers (1%) published in 2010 to 30 papers in 2016 (28%),
and 10 articles (10%) by Dec 2, 2017), the clear majority of studies
are still ‘industrial reports’ (see Fig. 2). Therefore, more research on
DSC is needed to be done by journals. Indeed, no articles were
identified among these outlets that is recognized as cutting edge
study. More significantly, papers should focus on the development
framework to transform, implement and adopt digitalization in the
context of supply chains.

Thus, this section provides a number of observations regarding
the applicability of digitalization in supply chains and identify the
gaps in the literature with respect to the potential of DSC in helping
address DSC benefits and challenges. Despite the recent interest in
the DSC trend due to its colossal potential and disruptive nature,
studies that address DSC benefits and challenges are still in their
early stages. As mentioned in the introduction, DSC offers
unprecedented advantages to all aspects of the supply chains,
providing automation to better collaboration, all enabled by
technologies like supply chain visibility, big data analytics, and the
cloud, etc. Therefore, DSC enables supply chains to respond to the
edge of the competition to transform digitally. Current studies are
still short of unlocking this potential. There are only piecemeal
literatures in isolated areas with inadequate effort that addresses
the entire DSC concept, as evidenced by the literature analysis in
Tables 1 and 2. Based on our classification of the literature on DSC,
we found that studies are still confined to isolated areas of their
enablers. Although we did not focus on the implementation of DSC
in our review, it is worth noting that there is not many research in
the implementation phase of DSC.

There are several research gaps in the current literature dealing
with DSC that can be identified from the current review. These gaps
can be summarized as follows:

e Lack of development frameworks that provide guidance for DSC
adoption in a context with clear guidelines and roadmaps. These
would aid in guiding managers as to which stages and where in
supply chains would managers deploy DSC, given that supply
chains may be at different steps of the DSC implementation. In
addition, development frameworks would provide assistance in
changing the management practices within the supply chains.

e Lack of tools and technologies that address supply chain
problems in an DSC environment. DSC is different from that of
a typical supply chain. Decisions in an DSC context requires new
tools and technologies that take into account digitalization
environment, such as the abundance of BD generated from ST
and IoT. DSC will affect maintenance, quality, inventory
management, production planning and procurement, among
other issues.

e There are numerous barriers to the implementation of DSC from
both managerial and technological perspectives. There’s rather a
significant change happening throughout the world. Organiza-
tions are at the edge of a competition to transform their supply
chains digitally [78]. Thus, DSC challenges and issues addresses
in Subsection 4.1 need to be unlocked by the help of DSC success
factors derived from extant literature. There is not much studies
on how to deal effectively with these.

Keeping in mind the derived knowledge from the literature on
DSC, we resume this study by pointing out a need of a framework
for developing DSC. In the following section, we use all the
knowledge gathered from the surveyed literature to establish this
state-of-the-art novel framework.

5. Framework for developing DSC

Successful supply chains operate with a clear vision, using
frameworks and roadmaps that define the way forward. The extant
literature is summarized into three main stages and their sub goals.
The synthesized literature is then utilized in developing the
roadmap which further paved the way towards designing the
development framework for DSC. Hence, this section presents a
framework for developing DSC. Fig. 4 displays the framework in a
visual structure based on a review of the literature.

By compiling a formal definition of DSC that is valid for all
organizations, an approach could be proposed to build an effective
DSC structure. The features, components and technology enablers,
challenges and success factors for developing the framework are
identified by reviewing the DSC literature as presented in detail at
the earlier sections. The taxonomy and review of available
literature on DSC is accomplished by considering major challenges,
success areas and enabling components and technologies with the
objective of managing and developing an effective DSC. Further
classification of the related literature is aimed at helping both
academics and practitioners to identify the key features and
success factors for effective operation and development of DSC.
Indeed, DSC increasingly allows supply chains to become an
integral part of decision making and strategic planning. To this end,
organizations can leverage and develop DSC to complement
different facets of their strategy and more effectively target their
specific needs.

Keeping in mind the insight on the DSC literature and proposed
framework for the development of DSC arises the question of how
it can be suitably implemented and verified in a typical supply
chain. Every supply chain will have a slightly different set of digital
development goals with different priorities. In addition to
rethinking and redesigning entire supply chains, the key desired
digital evaluation objectives for supply chains often map the areas
of Digitalization, Technology Implementation and Supply Chain
Management, which are vital steps for organizational alignment.
The main decomposition of the DSC development framework is
thus clearly defined.

By utilizing this framework, most of the supply chain managers
will be familiar with the basic DSC approach: assessing the supply
chains’ current digitalization state, establishing a vision for
technology implementation, and developing a transformation
road map for supply chain management in a DSC environment.
Elaboration of these areas, their decompositions and establish-
ment of their structure is the essence of DSC’s implementation in a
typical supply chain. Therefore, three main decompositions and
their structure will be elaborated next. The major issues and
challenges that need to be addressed are discussed using the
attributes used to categorize and review the literature. Although
implementation and verification of DSC in a typical supply chain
needs more comprehensive research focusing merely on these
steps. The findings of this study will be of interest to supply chain
managers and companies opting for digitally enabled organiza-
tions and fully transformed DSC. The details of the DSC
decomposition are presented in below subsections and the
framework for developing DSC is displayed in Fig. 5.

5.1. Digitalization

Being a DSC does necessarily not mean having the latest digital
technologies. It is mostly about aligning digital initiatives with
supply chain objectives and adopting a digital methodology to
realize the untapped potential of existing resources and capabili-
ties resulting in a higher level of performance [65]. By examining
the extant literature on DSC, we have seen that DSC process often
begins with Digitalization. Supply chains need to be clear about
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Digitalization often begins with a
digitalization strategy and then extends to
additional three areas: digital
organizations, digital operations, and
digital products & services and ends with
the customer experience.

Digitalization

Supply Chain
Management

An effective supply chain management —
process focusing on the main goal of

DSC transformation is enhanced with
integration, analytics, automation,
reconfiguration, and digital processes

on plan, source, make, deliver, and

return.

Technology
Implementation

o The building blocks of effective

technology implementation process
branches to technology enablers,
project management, human and
technology relationship, and formation
of technology infrastructure.

Fig. 4. A framework for the development of DSC.

their digitalization policy and focus on improving their digitaliza-
tion capabilities they are going to build. It is not only important to
survive the digitalization megatrend but also to use it to their
advantage [107].

By establishing the first stage of DSC, we can further decompose
the digitalization stage which commences with Digitalization
Strategy. This process then extends to additional three areas:
Digital Organizations & Culture, Digital Operations and Digital
Products & Services. It then ends at customers by improving the
service levels and Digital Customer Experience to know them
better [108]. Thus, the goal of an effective digitalization process can
be decomposed into five distinctive sub-goals, each of which
presenting the stages of the digitalization process. They are
dependent on the successful execution of the respective method-
ologies. The framework for the digitalization of DSC is presented in
Fig. 6.

The Digitalization Strategy is an important step. Supply chains
would focus solely on solving current problems if they lack crucial
strategic instruments. This results in a failure to generate
continuous gains for their stakeholders. But most likely supply
chains don’t have a clear digital strategy. This situation has built an
untenable condition for many supply chains, considering that
digital technology is increasingly interwoven into the very fabric of
most establishments and organizations. Newest digital technolo-
gies provide an opportunity to enhance how supply chains
compete and create a foundation for outperforming rivals
near and far [109,110]. As further decomposition of digitalization
stage is followed, digitalization is branched into Digital Goal
Setting, Digital Strategy Formulation, and Digital Strategy

Implementation. Defining Digital Goal Setting is an important
step that decides on what digital strategy wants to achieve in and
separates what's important from what's irrelevant, or a distraction
in digitalization based on successful achievement of these goals.
The Digital Strategy Formulation process refers to the process of
selecting the best fitting objective in realization of supply chains’
goals and so accomplish its vision [111]. The Digital Strategy
Implementation addresses the questions of “how, when, where,
and who” to reach the intended objectives and goals, thus focusing
on the entire supply chain.

The Digital Organization & Culture is the second stage in
digitalization. When all digital thinking individuals and organiza-
tions come together, common intelligence on digitalization can be
reached. Nowadays the discussion is about consumers being
digitalized, who demand novel digital products and services each
passing day. First, there is a need for highest level (c-level)
executives who understand and grasp this transformation notion.
Executives who define their organizations’ digital vision, mission,
planning and aims need to promote digital managers and employ-
ees. Further decomposition of digital organization & culture is
reduced to Analysing of the Current Organization & Culture,
Digital Organization & Culture Management and Transform into
Digital Organization & Culture. Organizational culture is like an
employee’s attitude and is a strong determining factor in its
adaptability. If the established culture resists to change, the result
will be a divided organization: one part moving into the future, the
other part clinging to the traditional past, leading to delays for the
much needed transformation [112]. Thus, first step is assessing the
current situation of organization and culture in terms of its
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Fig. 6. Decomposed framework for the digitalization of DSC.

digitalization aspects. After this analysis is done, digitalization has
to be managed and fully transformed into DSC. In today’s digital era,
change happens at tremendous speeds. Supply chains need to
analyze andrethink their organizational structure in order not to fall
behind in the competition. Organizations will lose their business to
competitors if they cannot keep up and respond rapidly. It is

decisive, therefore, toimplement a digital organization strategy and
initiate the digital evolution sooner rather than later and develop a
digital organizational structure. Built on this foundation, supply
chains can develop their own digital vision, design new digital
organizational models and decide on acquiring strategies for the
necessary skills and capabilities of digitalization [108].
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Some key things must happen to achieve digital transformation
as a part of Digital Operations. Advanced digital solutions,
powered by the BD, CC, etc. and supported by IoT or ST, etc., can
expand supply chain processes in numerous ways. For instance, BD
can assist in-bound logistics to run more smoothly by tracking the
movement of goods and services; CC can be useful in creating
uniform business processing platforms; and mobile technologies
can support people to perform their work anywhere, anytime and
on any device [113]. Supply chains should be able to evolve at the
same pace and adapt more swiftly to continuous, instant and
prompt changes. Supply chains also need to support workers’
freedom and flexibility to work anywhere, anytime, and on any
device, to improve their performance and apply the decided
strategy [108]. “Worker Enablement, Digital Operations Man-
agement and Implement Digital Operations” attributes are
defined in digital operations stage. Worker Enablement could be
described, in essence, as the virtualization of individual level work.
It separates the work process from the location of the work with
the accumulative usage of email and digital communication and
collaboration tools, etc., employees can now communicate with
costumers or colleagues who might have never met face to face or
in areas they have never been. Digital Operations Management is
where transactional systems offer managers deeper knowledge of
a specific product, region and consumers, allowing decisions to be
taken on actual data and not on assumptions. It makes it possible to
compare status across several areas and adjust capacities, thus
making it possible to take better decisions about how to manage
performance and prioritize. Implement Digital Operations strate-
gy differs from operations management. There are two perspec-
tives on implementing operations strategy such as: Structure and
System Implementation, and Monitor and Improve Implement
Operations. This establishes the efficient set of operations
strategies. Implement Operations is totally different from employ-
ees and operations management. This step finalizes the digital
operations stage.

Almost every successful supply chain has put novel digital
products and services to its center. At the same time, service design
practices expand by the ubiquity of digitalization. The rhythm and
structure of the customer experience has been changed by this
wave of new Digital Products & Services [ 114]. This stage is further
decomposed into Customer Requirement Lifecycle, Product &
Service Ecosystem, and Customization & Personalization. The gap
in the long-term service experience is bridged and effectively
extended to the lifetime of the customer relationship by the digital
products and services. The second attribute in which the digital
services or products are woven into the ecosystems of other
services and products to be more viable. Thus, services and
products comprise a broader services and brand experiences.
Customization & Personalization are the building blocks of novel
digitally-enhanced products and services. This makes it possible to
deliver individual experiences to large numbers of groups.

The Digital Customer Experience is not a guesswork. It is rather
about the exploration of customers, their behaviors, their person-
alities and expectations. DSC can only develop when executives are
armed with this information. Developing DSC requires a transfor-
mation of the entire customer experience. Several ways in which
DSC is transforming customer experience include: social media
exploration in understanding customer dissatisfaction and satis-
faction, use of digital media for brand promotion, online
community building to build loyalty with clients, making products
that improve branding in lifestyle communities, structuring
analytical capabilities to get to know customers more in detail,
technology usage to improve communication in-person sales,
integration of customer purchase data to offer better and
personalized sales and customers services, etc. [113]. Customer
Understanding is where organizations are starting to take full

advantage of former investments in system to gain in depth
understanding of analytics based segmentations, market seg-
ments, specific geographies, and socially informed knowledge.
Top-Line Growth is where organizations are applying digitaliza-
tion to enhance in-person sales discussions, improve predictive
marketing and streamline customer processes. Customer Touch-
points are where organizations services can be enhanced
drastically by digital initiatives, provide customer services, cross
channel coherence and self-service.

5.2. Technology implementation

The Technology Implementation process differs from Digitali-
zation process given that this goal focuses on the successful
implementation acquired by the DSC efforts. Technology imple-
mentation process leverages technology enablers in the DSC. These
key technologies — some mature, some emerging — now serve as
the foundational building blocks in the new DSC ecosystem. Taking
a holistic view across all these enablers can help maximize
business benefits and unlock new forms of value in the coming
years. Introducing technological change into an organization
presents a different set of challenges. In a market that is
increasingly driven by technological enablers, supply chains need
to implement the hottest innovative solutions to keep their
competitive edge and access new opportunities in fresh markets.
This is an ongoing process to keep supply chains up-to-date, but
this also takes a certain time. Thus, it branches to Management
Process, Human and Technology Relationship, the Formation of
Technology Infrastructure, and Technology Enablers. These goals
are the building blocks of effective Technology Implementation
process. Fig. 7 present the decomposed framework for the
technology implementation of DSC

Technology implementation requires project management.
Every implementation methodology should include a detailed
description of which tasks need to be accomplished and which
equipment need to be acquired during the implementation period.
This sophisticated planning helps a DSC to anticipate costs, avoid
delays and minimize disruptions in work processes that are caused
by previously used technologies. Workforces can also benefit from
team work during the implementation and evaluation [115].

Human and technology relationship is another goal of effective
technology implementation process. People and technology go
hand-in-hand. The human evolution has made technology evolve,
which helps people to be more adaptable. People need social
interactions for their survival and technology plays a pivotal role in
this. The human dependency on technology is growing at an
exponential rate. In the coming decades technology will dominate
the way humans interact [116]. Using novel technological means
could be counterproductive if the workforce is not fully prepared to
operate and take control of new resources. Therefore, proper
training and adaptation of human and technology is a priority. The
human and technology relationship should also include user
training, interaction and collaboration sub-goals in order to be
effective [117].

Almost all novel technologies create a different set of risks and
new types of vulnerabilities. The technology implementation
process should take these into account and define the necessary
steps to establish the technology infrastructure. Defining the
nature of the infrastructure during the implementation process
can also help better define the technological requirements and
priorities [118,119]. Formation of a technology infrastructure is
especially important for any supply chain looking to move to the
next level by taking the steps needed to transform digitally. If a
company wants to shift out of survival mode and take the next step
towards becoming a big successful company, the technology
infrastructure is needed to support this growth [120].
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Fig. 7. Decomposed framework for the technology implementation of DSC.

The last goal in a technology implementation process is
defining the technology enablers. Depending on the nature of
the organization, these can be a need to support the achievement
of the organization’s strategy, enable implementation within
appropriate timescale, or identify alternative ways for a new
technological niche. After determining desired requirements, the
basic strategy shall be defined to achieve the intended goals [121].

5.3. Supply chain management

Redesigning a supply chain system to achieve a set of strategic
objectives involves making a series of complex decisions over time.
Making these decisions in a way that supports supply chains’ high-
level objectives requires an understanding of how detailed design
issues affect the interactions among various components of a
supply chain system [69]. This consecutive goal of development for
DSC is an effective supply chain management process which
focuses on the main goal of DSC transformation. This process is
enhanced with digitalization and technology implementation.
Integration, Automation, Reconfiguration, Analytics and Process
goals and their sub-goals are determined given that supply chain
management process follows a course and each step depends on its
antecedent. Fig. 8 presents the decomposed framework for the
supply chain management of DSC.

Few authors have considered supply chain integration through
multiple stage constructs. Different stages are used to characterize
the supply chain integration concept. Sahin and Robinson
[122,123] proposed the degree of information sharing and
decision-making coordination as two major stages of supply chain
integration at the operational level. Lee outlined three different

Supply Chain Supply Chain

Supply Chain

stages of supply chain integration: information integration,
coordination and resource sharing and organizational relationship
linkage. Bagchi [124] categorized supply chain integration into five
interrelated stages: information sharing and communication
across the supply chains, collaboration and shared decision
making with network partners, collaboration leading to risk, cost
and gain sharing, sharing of skills, ideas and institutional culture
and organization [125]. A truly integrated supply chain does more
than just cost reduction. It also creates value for organizations,
their partners, and their shareholders. Information sharing is the
foundation for the integration. The next dimension is the
coordination and resource sharing, then comes the organiza-
tional linkages which enable sharing of risks, costs, and gains
[126].

Automation is something that should be further embraced, not
feared. Accuracy is critically important for the supply chain as
small mistakes can have large impacts for the entire organization.
Additionally, with goods and services crossing many borders,
supply chain managers must keep compliance and regulation on
top of their agenda [127]. Thus, it branches into Robetic
Technologies, Process Automation and Intelligent Processes.
Automation is an intelligent organizational process that delivers
responsiveness and agility which is created as an outcome of
effective usage of robotics technology. Through automation, supply
planning, forecasting, sales, connection, replenishment,
manufacturing, distribution activities and procurement, etc.
become seamlessly automated and straight forward processes.

Many organizations have reconfigured their supply chain
during the last decade. The most prominent drivers behind this
trend have been global competition, increased focus on market
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Fig. 8. Decomposed framework for the supply chain management of DSC.
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requirements, advances in information and communication
technology, and development in international freight transport
systems [128]. Digital requirements also force organizations to
reconfigure their supply chains. Therefore, supply chain reconfig-
uration process is decomposed into three sub-goal: Organiza-
tional reconfiguration, which is needed to change the structural
boundaries of the organizations, Network reconfiguration, which
is needed to minimize the risk in supply chain under integrated
digital technology, and Interoperability, which enables discover-
ability and interaction in the supply chains and is capable of
improving the supply chain performance in the presence of risk.

In classical supply chains, standard reporting is commonly
made via spreadsheets. Such practices are not sufficient to achieve
competitive advantage. Supply chains that use data for inventory
planning and forecasting across their distribution networks can
acquire additional advantages from advanced analytics [69].
Supply Chain Analytics is also decomposed into three sub-goals:
Real-Time Execution Decisions, which gives a competitive edge,
Process Optimization, which allows effective and efficient
reaction, and Advanced Forecasting, which makes the process
more accurate, reliable, and less costly.

The Supply Chain Operations Reference (SCOR) model was
developed by the Supply Chain Council with the help of seventy of
the world’s leading manufacturing companies. The SCOR model is a
management tool used to address, improve, and communicate
supply chain management decisions within a company, its
suppliers and customers [129]. It helps to explain the processes
along the entire supply chain and provides a basis for how to
improve those processes. It has been described as the most
promising model for strategic decision making in supply chains
[130]. Supply Chain Process focuses on five areas of the supply
chain: plan, source, make, deliver, and return. These areas repeat
again and again along the supply chain.

6. Managerial implications

“Digital Supply Chain” is one of latest hottest buzzwords in the
industry. Specialists proclaim that digitalization will revolutionize
logistics industry and supply chain management. Current invest-
ment in technology suggests DSC’s importance; supply chain
executives expect DSC to bring substantial economic benefits.
Supply chaininitselfis a business, rather than a department within
a business and digital enterprises rely on DSCs [131]. Organizations
with DSC and highly digital operations can expect 4.1% annual
efficiency gains while boosting revenue by 2.9% per year [94].
Companies cannot opt-out digital transformation and expect to
survive. A recent study by MIT and Capgemini attaches significant
competitive advantage to companies that are on the leading edge
of this transformation. Those companies that do have a strong
vision perform the best, while laggers are already declining [132].
Still, some practitioners fear that the importance of DSC is
exaggerated and perceives it as a little more than an extension of
conventional logistics and supply chains structure. Studies and
research from supply chain point of view to digitalization is
lacking, like many other popular topics. There are very few
publications that discuss the challenges of using DSC, or better yet,
that explore the opportunities for new practices and theories that
DSC might bring about. In fact, there is practically no consistency in
defining DSC, categorizing its aim, or establishing its function in
supply chain management.

This study poses some questions here which stem from a need
to better understand the role of digitalization in supply chains. It
reviews DSC approaches from both academic and industrial points
of view. Agile Elephant consulting firm defines digital transforma-
tion as the process of shifting organizations from legacy
approaches to new ways of working and thinking using digital,

social, mobile and emerging technologies. This involves a change in
leadership, different thinking, encouragement of innovation and
new business models, incorporating digitalization of assets and an
increased use of technology to improve the experience of
organizations’ employee, customer, supplier, partner and stake-
holder [133]. 75% of retailers and manufacturers describe online
data as a key for effective supply chains, but most of them still
insist on sharing the information via fax and phone [134]. This
small example shows that there still exists a huge gap between
what organizations expect to have of DSC and their preparedness
for participation. The study then extends to understanding how
closely scientific views correspond to definitions of DSC. Further, it
is discussed how supply chain executives use DSC to expose DSC’s
technology enablers and key success factors. These key enablers
and success factors described here suggest that DSC makes services
more valuable, accessible and affordable with consistent, agile and
effective outcome in supply chain structure. The key here is
digitalization, which offers both flexibility and efficiency. Apart
from the apparent hype around DSC, it is mostly argued solely from
the eye of the customers. However, this is only a part of the story.
As it progresses from strategy to execution, it is quite significant for
organizations to concretely target DSC outcomes. Consequently,
the goal is set as digitalization for supply chains since the main goal
of the development framework is to provide guidelines for
successful DSC management. Thus, the adoption of the develop-
ment framework can help supply chains transform to a technology
driven DSC and to keep up with the industry in terms of
performance improvement. To move the innovative concept of
DSC in the complex environment of the supply chains towards new
frontiers, further efforts in practice and science are indispensable.

The purpose of this study is to provide an insight to the DSC
through investigating existing DSC literature in both academic and
industrial world and, therefore, to identify the appropriate factors
and means to propose a new development framework. Since the
inevitable trend of digitalization in all areas of business and daily
life, DSC have been the prominent to avoid rigidity or inefficiency
and to achieve competitive advantages. This is a focused literature
review prepared after analysing 105 articles related to the DSC. The
academic literatures are analysed based on research subject,
objective, methods and their contribution to the academia. Then
reviewed result is presented to establish foundation for the
development framework for DSC. The review reveals that: several
problems in current DSC literature have been identified as
profound non-existence of DSC framework; the reviewed papers’
identification of eleven main features of DSC, their components
and technologies, ten DSC challenges and fifteen DSC success
factors; increasing the significance of specific guidance or
integrated methodologies on need of DSC in supply chain
literature. Then, a comprehensive DSC development framework
has been developed. To the best of our knowledge, this is the first
focused study that reviews the DSC in detail, comparing the
outcome of the analysis, identifies current DSC literature problems
and gaps, new DSC trends and shifts in the way that DSC are
evaluated and typical supply chains are transformed into DSC
proposing a new holistic DSC development framework. In addition,
it identifies future research trends. Hence, the primary aim of our
research agenda in Fig. 1 is to develop the state of practice
development framework by applying a systematic literature
review and analysis in this paper. Thus, the authors believe that
this review and classification provides valuable insight for
academics and practitioners about the importance of DSC which
can then be adapted, explored and expanded for transforming
supply chain organizations. In addition, the ways information and
technology are consumed and delivered through CC, BD, and IoT,
etc. are transforming how organizations compete. If any supply
chain organization wants to survive and compete with others, they
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should implement digitalization in their supply chains and become
a DSC. In conclusion, the presented framework can be employed as
a strategic assessment instrument by academics and practitioners
to measure their supply chain performance in a DSC environment,
and/or the development framework can be further stretched to
creating a novel DSC structure from scratch. Consequently, the next
step would be to implement the proposed framework in a typical
supply chain with real requirements; which would provide a better
comprehension of the limitations and further modifications
required for the refinement of this framework.

6.1. Discussion on DSC concept

Digitalization has touched upon all aspects of organizations. SC
and logistics are no exception. Today, an emerging worldwide
trend in supply chain management is a focus shift from the
classical supply chain to DSC. Technological means such as IoT, CC,
BD etc. empower organizations to transform their existing
‘traditional paper-based’ or ‘hybrid combination of technology’
supported processes of SC structure into collaborative digital
models with higher flexibility, agility, and openness. Unlike
existing SC structures, which have resulted in rigid organizational
configurations, inaccessible data and fragmented relationships
with partners, DSC enables process automation, flexibility and
digital management for corporate assets. Examples of this trend
are visible in various technologies such as RFID, GPS and ST. In a
supply chain, the aim is to get the right item, at the right time, in
the right place, in the right quantity, in the right condition, and at
the right (low) cost. This could be accomplished with DSC to
address today’s customer demands.

Selecting the most suitable technological solutions and
reaping the maximum benefits of the digital means requires
supply chains to internalize digitalization as an integral part of
their overall operations methodology and their organizational
structure. Localized, detached initiatives, and rigid silo-based
operations pose severe threats to competitiveness in an
increasingly digital world. Authors believe that a comprehensive
approach to digital evolution of supply chain starts with a
digitalization and technology implementation process which will
set the direction for DSC management to reach its goal. Having
DSC will not only enable any organization to grasp the untapped
potential of their existing capability, but also to achieve higher
performance and ultimately create greater value. The next
generation supply chains must be stronger and more agile. They
must be able to have the right people and skill sets, processes, and
tools in the right places to drive efficiency and effectiveness. To
achieve these objectives, supply chains must work on initiatives
that will prepare them for the digital era. Meanwhile, technolo-
gies such as CC, BD and IoT will be adopted by more and more
supply chain managers. Opinions and insights of this review can
be used by academics and practitioners for applying digitalization
notions in supply chains and logistics. Hence, researchers and
business managers can extend this area of research by upgrading
and transforming the classical supply chain understanding into a
DSC. Based on the review and findings of this study, we
recommend future research in the implementation of DSC
industry application. All other aspects of DSC should also be
examined with real data, especially implementation of develop-
ment framework, as well as digital transformation of a specific
industry application.

6.2. Limitations and further research trends
This review paper is a state-of-the-art study within the given

field of research on DSC. Thus, it summarizes prior research on DSC,
critically consolidates and examines the contributions of past

research. However, this paper has a number of limitations. The
following areas summarize these potential limitations:

e Collated documents in this literature review are based mainly on
findings from academic journals or industrial reports (See Fig. 2).
The inclusion of additional academic journals in the future can
enhance this review’s findings.

o The findings of this review are based on the search of mentioned

databases by providing the input keywords. Since search is very

sensitive to these keywords, studies which have slightly different
inputs may be left out.

It is significant to illuminate that, in this paper, a systematic

literature review methodology has been applied in which each

database is searched separately and the collected documents are
selected just before the analysis steps. A different approach can
be used for collating these documents found in databases.

e The review period spanned over the last 6 years (2002-2017). We
deem this is demonstrative of the related literature on
methodologies for DSC. Even though the findings are not
exhaustive, we consider that they are comprehensive as they
cover many highly ranked academic journals.

e The illustrated DSC framework aims at deploying the integration
among digitalization, technology implementation and supply
chain management. We have not included the further decom-
position of the DSC model, since it is out of scope of our research.

Not forgetting the aforementioned limitations, the following future
research trends on DSC are based on an elaborate literature review as
well as the past working experience of authors. Further analysis of
these suggestions can generate novel knowledge and robust theories
in the area. Therefore, the following areas are proposed:

e This study recommends further research into industrial real-case
applications for the proposed DSC framework, which is
illustrated in Fig. 4.

Companies from different industrial backgrounds have their own
methodologies for DSC, depending on their specific purpose of
using novel digital technologies. Therefore, key trends for future
DSC necessitates a distinct roadmap for each to improve the
digital transformation of its DSC tasks. The presented classifica-
tion can, therefore, be further enhanced to inform both academic
and practitioners by making sub-frameworks for each industry.
Digitalization will transform the way supply chains operate. In
order to suitably implement and verify the development
framework, presented stages should be followed and assessed
in a typical supply chain.

Even though the advantages and limitations of DSC have been
discussed at an academic level, further enhancements are still
required in several areas of DSC in order to provide a robust,
reliable and flexible solution for practical implementation of DSC
into industrial real-case applications.

Furthermore, the benefits and challenges of DSC can be explored
to better understand the feasibility and effectiveness of the
proposed framework.

Finally, the components and technologies of DSC can be
integrated to other existing supply chain related studies in both
academic publications and industrial reports.

DSCis very far from deploying its full potential, and, as noted in
this research, there are a number of areas that require immediate
attention.

7. Concluding remarks

This study deals with the digitalization of supply chains, a topic
of great interest both for practitioners and researchers. It is well-
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written and organized in a consistent structure which helps to
highlight the main proposal, based on an approach for the
development of a DSC. The results of this study aim to answer the
questions such as what the current state of DSC is in the academic
and industrial studies, as well as what the DSC future develop-
ments look like, and how the existing importance of digitalization
can be integrated into supply chain or logistics, etc. In order to
describe the state-of-the-art of within the DSC field, a summary of
the papers is provided, knowledge gaps in the given research
stream is identified and the characteristics of past research are
consolidated. In addition to this extensive discussion on future
trends on DSC, a DSC framework is developed according to the
advantages, weaknesses and limitations of existing DSC literature.
It intends to fill the gap of past studies regarding the construction
of a complete conceptual or theoretical framework. The proposed
framework aims at identifying the features, components and
technology enablers, challenges and success factors for developing
a DSC. Hence, the present review and framework can provide
insights to both academicians and practitioners in their application
of DSC. In terms of future research of this study, the three main
stages of DSC are integrated into the development framework.
Further research is needed to evaluate and assess the relative
prominence of the framework stages, to be implemented and
verified in a typical supply chain.
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