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Abstract

In the Last decades, the discussion about the impact of digitalisation and digital transformation has
been raised in various sectors, including the business, production processes, as well as the supply
chain, spring from the Digital Technologies advancements, initiated from the launching of the first
digital computer to the introduction of World Wide Web In 1993 by Tim Berners-Lee.

Nowadays, the organisations and their supply chain, are facing huge challenges in several contexts
and dimensions of the supply chain and manufacturing, and they need to have reactions in order
to overcome these challenges and stay in the market. Due to this increasingly challenges in the
competition, the organisations are striving to adopt the digital transformation in their practices for

several motivations and reasons.

The purpose of this research is to deepen the understanding of the digital transformations and to
investigate how adopting the digital technologies represented by Industry 4.0 technologies
provides benefits to the organisation’s supply chain. Furthermore, the purpose of this research is
to state the main motivations for adopting digital technologies that lead to several actions related
to the digital transformation, consequently, the benefits that are generated from these actions and
practices. Additionally, the main aim is to develop a conceptual framework to link and create a
connection between Motivations, Actions, and Benefits of adopting the Digital technologies, as
well as to perform an evaluation of the digital transformation topic and its related benefits, and to
go forward with this evaluation. Data nature, Customer, Demand, operations, External Business
Environment Context, Policies, and Sustainability were selected as main contexts for this

conceptual framework.

Taking into consideration the lack of the researches about the Supply chain digital transformation,
and in order to evaluate, examine and analyse the existing literature review of the supply chain
digital transformation, and to access all the studies related to the supply chain digital
transformation topic, a systematic literature review (SLR) is conducted to this research.
Additionally, to achieve this evaluation, this research has followed two-phases analysis approach:
first, designing a descriptive analysis about supply chain digital transformation, that focus on 7
dimensions and contexts of the supply chain, secondly analysis and review of the papers that are

related to the supply chain digital transformation topic.
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This research represents a rich analysis and discussion by systematically examining and classifying
the researches and studies according to several dimensions and contexts in the supply chain, such
as Data nature, Customer, Demand, operations, External Business Environment Context, Policies,
and Sustainability. Nevertheless, there is a significant number of researches about the supply chain
management and how the performance can be improved, however, there are few studies were
performed regarding the digital transformation of the supply chain, and what are the benefits of

this transformation to the supply chain in general and to the organisation specifically.

Furthermore, this research provides a contribution and insights into a comprehensive perception
of the supply chain digital transformation from the motivations of adopting these technologies,
connecting them with the actions that are taken a place regarding the transformation and finally
the benefits that are generated by these actions. Finally, this research develops a conceptual

framework connecting the motivations, actions and the benefits of the digital transformation.

Keywords: Supply chain Digital Transformation, Industry 4.0 in Supply chain, Digital
transformation benefits, Systematic Literature Review.



Riassunto

Negli ultimi decenni il dibattito relativo all'impatto della digitalizzazione e della trasformazione
digitale e stato sollevato in vari settori tra cui il business, i processi produttivi e la supply chain.
L’impatto ¢ stato generato dai progressi delle tecnologie digitali avviati con il lancio del primo

computer e con l'introduzione del World Wide Web nel 1993 da Tim Berners-Lee.

Al giorno d’oggi, le organizzazioni e le loro Supply Chain stanno affrontando enormi sfide in
diversi contesti e dimensioni della filiera e della produzione e, per rimanere sul mercato, devono
fronteggiare adeguatamente queste situazioni. A causa dell’aumento della crescente competizione
sul mercato, le organizzazioni stanno cercando di adottare la trasformazione digitale nelle loro

pratiche per diverse motivazioni e ragioni.

Lo scopo di questa ricerca € quello di approfondire la comprensione delle trasformazioni digitali
e di indagare come I'adozione delle tecnologie digitali, rappresentate dalle tecnologie di Industria
4.0, apporti benefici alla Supply Chain dell'organizzazione. Inoltre, verranno indicate le principali
motivazioni per l'adozione di tecnologie digitali che portano a diverse azioni legate alla
trasformazione digitale e di conseguenza saranno esplicitati i benefici generati da queste azioni e
pratiche. Infine, ci si concentrera dapprima sullo sviluppo di una struttura concettuale che colleghi
e crei una connessione tra Motivazioni, Azioni e Benefici dell'adozione delle tecnologie digitali, e
quindi sulla valutazione del tema della trasformazione digitale e dei relativi benefici. La natura dei
dati, il cliente, la domanda, le operazioni, il contesto dell'ambiente aziendale esterno, le politiche
e la sostenibilita sono stati selezionati come contesti principali per questo quadro concettuale.

Data la mancanza di ricerche sulla trasformazione digitale della Supply Chain, al fine di valutare,
esaminare e analizzare la revisione della letteratura esistente sulla trasformazione digitale della
Supply Chain e di accedere a tutti gli studi relativi al tema della trasformazione digitale della
Supply Chain, é stata condotta una revisione sistematica della letteratura (SLR). Inoltre, per
raggiungere questa valutazione é stato seguito un approccio di analisi a due fasi: in primo luogo,
un’analisi descrittiva della trasformazione digitale della supply chain che si focalizza su sette
dimensioni e contesti della Supply, successivamente ’analisi e la revisione dei documenti relativi

al tema della trasformazione digitale della Supply Chain.
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Questa ricerca rappresenta un‘analisi e una discussione prospere esaminando e classificando
sistematicamente le ricerche e gli studi in base a diverse dimensioni e contesti nella Supply Chain,
quali Dati natura, Cliente, Domanda, operazioni, Contesto dell'ambiente aziendale esterno,
Politiche e Sostenibilita. Tuttavia, vi € un numero significativo di ricerche riguardanti la gestione
della supply chain e il modo in cui le prestazioni possono essere migliorate, tuttavia sono stati
effettuati pochi studi sulla trasformazione digitale della supply chain e quali sono i benefici di

questa trasformazione di Supply Chain in generale e I'organizzazione nello specifico.

Inoltre, questa ricerca fornisce un contributo e approfondimenti su una percezione globale della
trasformazione digitale della supply chain dalle motivazioni dell'adozione di queste tecnologie,
collegandole con le azioni prese in considerazione per la trasformazione e infine i benefici generati
da queste azioni. Infine, questa ricerca sviluppa una struttura concettuale che collega le

motivazioni, le azioni ed i benefici della trasformazione digitale.

Parole chiave: Supply chain Digital Transformation, industria 4.0 in Supply chain, benefici della

trasformazione digitale, revisione sistematica della letteratura.
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1. Introduction

1.1. Digitalisation and Digital Transformation Background

In recent years, the discussion about the impact of digitalisation and digital transformation has
been raised in various sectors, including the business sector (Bounfour, 2016; Westerman, et al.,
2014) and production processes, as well as the supply chain, spring from the Digital Technologies
advancements (Bounfour, 2016), and initiated from the launching of the first digital computer to
the introduction of World Wide Web In 1993 by Tim Berners-Lee (Vogelsang, 2010).

(Vogelsang, 2010) indicated that the new digital technology wave or as he preferred to call it, “5th
Kondratiev wave”, is not only changing our production processes but also it changes the way of
living, and he added that “after the steam, steel, electricity, and petrochemical revolutions,

network-based digitalisation is the driving force today on the stage of business and private life”.

In General, the term “Digitalisation: is referred to the transformation of the analogue information
system into the binary system (0 or 1) digital digits, in another word, it describes the process of
transformation of the information from the physical systems to the digital systems (Collin, et al.,
2015). (Collin, et al., 2015) Argued that digitalisation is also a change in the current value chains
among the industries and public sectors and that change is a global megatrend, in the addition,
various terms such as Mobile apps, big data, Internet of things, Industry 4.0 could be useful to

describe this phenomenon.

However, the digital transformation term refers to the adoption of individuals, businesses,
organizations, and societies of the new digital technologies, resulting from the digitalization that
previously mentioned, and this transformation is characterized as a global accelerated process
(Collin, et al., 2015; Westerman, et al., 2014). Eventually, and according to (FitzGerald, et al.,
2013), and with the accelerated technological development (Bounfour, 2016) there is no
organisation will be capable to isolate itself from the digital transformation and the Competitive
environment that follows adopting the new digital technologies (FitzGerald, et al., 2013).

12



1.2. Industry 4.0

In Hannover fair 2011, the term “Industrie 4.0” was initially presented, then after 2 years, in 2013
it was adopted officially as a German strategic initiative to take a leading role in the industrial
fields, which characterized with the fast development in the manufacturing and has a revolutionary
nature. After that the term “Industry 4.0 “was adopted to indicate to the fourth industrial revolution
(Alexopoulos, et al., 2016; Qin, et al., 2016) the term symbolized the Fourth Industrial Revolution
and its implications for the adoption of digital technology in industries and all other fields in
addition to the current trend in adopting this technology and what it includes of enabling
technologies such as the cloud computing, Internet of Things (1oT) and cyber-physical systems
(CPS) (Hermann, et al., 2016; Kagermann, et al., 2013; Lu, 2017).

In order to reach the current fourth industrial revolution, industrial revolutions have been
undergone, three industrial revaluations throughout history, and corresponding the timeline, the

revolutions were as below:

1. In the end of the 18™ century and the early 19", the lunch of the first industrial revolution
(Industry 1.0) was taken a place by adopting mechanical manufacturing systems benefiting
from using water and steam power in the manufacturing systems.

2. At the end of the 19" century, the second revolution was launched, characterized by utilizing
the electrical power in the productions, resulting in a mass production concept.

3. In the Middle of 20th Century, the third revolution was started by adopting the automation,
microelectronic devices and technology in manufacturing, achieving development in the
manufacturing practices and technologies. In this industrial revolution a significant
development has occurred thanks to the use of computer numerical control (CNC), robots that
made flexible manufacturing systems (FMSs) real, computer-aided design (CAD), computer-
aided manufacturing (CAM) and computer-aided processing planning (CAPP) that enhanced
the use of computer integrated manufacturing (CIM) (Feng, Li, and Cen 2001). What
distinguishes the third industrial revolution is the development of information and
communication technology, resulting in a core transformation in every field of the
manufacturing paradigm (Feng, et al., 2001). The third industrial revolution also adopted the

automation of machines and processes (Tan & Mathews, 2010), but what differs the third
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revolution from the fourth revolution is that the industry 4.0 was concentrated more on the
end-to—end digitisation besides the integration of digital ecosystems through finding full

integrated solutions. Figure 1 represents the stages of industrial revelations.

Source: International Journal of Production Research

4th Industrial Revolution: The Age of Cyber
Physical Systems (CPS)

In 2013, the Industry 4.0 concept was officially
presented (GTAI 2014)

3rd Industrial Revolution: The Information Age

Introduction of electronic and ICT systems for
automation

In 2005, the concept of industrial information
integration based on emerging new ICT was officially
presented (Xu 2011)

2nd Industrial Revolution: The Age of |

Electricity
Introduction of mass production utilizin

electrical power

1st Industrial Revolution: The Age
of Steam

Introduction of mechanical
manufacturing systems
utilizing water and steam power

Figure 1 The evolution from Industry 1.0 to Industry 4.0.

1.3. Digital Transformation in the Supply Chain Context

Supply chain sector like other sectors that been affected by the fourth industrial revolution. The
last thirty years witnessed an enormous shift in the supply chain and logistics, shifting from the
pure operational processes which report to the sales or production facilities and concentred on the
supply of production lines and the distribution — mainly — to the final customers, to an autonomous
Supply chain functional unit, and this unit has been shifted its focus from the conventional process
to advanced planning processes, trying to implement integrated processes and operations from the
customers to the suppliers. (Alicke, et al., 2016).
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Nowadays, the organisations are striving to adopt the digital transformation in their practices for
several motivations and reasons, nevertheless, few studies have focused on the actions of the
digital transformation practices and the benefits that digital transformation has on organizations’
supply chain practices (Piccinini, et al., 2015).

The motivations of the Digital transformation adoption are varied and related to many dimensions
and contexts in the supply chain. Based on these motivations that drive the digital transformation,
a sequence of transformation actions and practices are occurred. Nevertheless, expected benefits
have been generated from these transformation actions and practices could be occurred in the

supply chain context.

The purpose of this research is to deepen the understanding of the digital transformations and to
investigate how adopting the digital technologies represented with Industry 4.0 technologies
provides benefits to the organisation’s supply chain practices. Furthermore, the purpose of this
research is to state the main motivations that drive digital transformation that lead to several
transformation actions related to the digital transformation, consequently, the expected benefits
that are generated from these actions and practices. Additionally, the main aim is to develop a
conceptual framework to link and create a connection between Motivations, Actions, and Benefits
of adopting the Digital technologies, as well as evaluation of the digital transformation and the
generated benefits, and to go forward with this evaluation. Data nature, Customer, Demand,
operations, External Business Environment Context, Policies, and Sustainability were selected as

main contexts for this conceptual framework.

Taking into consideration the lack of the researches about the Supply chain digital transformation,
and in order to evaluate, examine and analyse the existing literature review of the supply chain
digital transformation, and to access all the studies related to the supply chain digital
transformation topic, a systematic literature review (SLR) is conducted to this research.
Additionally, to achieve this evaluation, this research has followed two-phases analysis approach:
first, designing a descriptive analysis about supply chain digital transformation, that focus on 7
dimensions and contexts of the supply chain, secondly analysis and review of the papers that are
related to the supply chain digital transformation topic.

15



The main objective of the second analysis is, therefore, to identify the antecedents and to perform
an evaluation regarding the supply chain digital transformation starting from the main motivations
of the adopting the digital technologies, the actions related to the digital transformation and finally
the generated expected benefits from these actions. Based on these objectives, the main research

questions are:

RQ1 “What are the motivations that drive the digital transformation of the supply chain?”
RQ2 “What are the transformation actions triggered by specific motivations?”

RQ3 ""What are the expected benefits that are generated by transformation actions?”

In order to evaluate, examine and analyse the existing literature review of the supply chain digital
transformation, and to access all the studies related to the supply chain digital transformation topic,
a systematic literature review (SLR) is conducted to this research. Additionally, and as previously
mentioned, to achieve this evaluation, this research has followed two phases analysis approach,
first, designing a descriptive analysis about supply chain digital transformation, by which this
research was driven to focus on 7 dimensions and contexts of the supply chain in which the analysis
will take a place, second analysis has been performing by analysing and reviewing the papers that

are related to the supply chain digital transformation topic.

Considering the defined contexts and dimensions of the supply chain digital transformation, this
research contributes to both literature and practice by systematically reviewing the supply chain
digital transformation and industry 4.0 in supply chain literature. This research has rich analysis
and discussion by systematically examining and classifying the researches and studies according
to several dimensions and contexts in the supply chain, such as Data nature, Customer, Demand,
operations, External Business Environment Context, Policies, and Sustainability. Nevertheless,
there is a significant number of researches regarding about the supply chain management and how
the performance can be improved, however, there are few studies were achieved regarding the
digital transformation of the supply chain, and what are the benefits of this transformation to the

supply chain in general and the organisation specifically.

Furthermore, this research provides a contribution and insights into a comprehensive perception
of the supply chain digital transformation from the motivations that drive the digital

transformation, connecting them with the transformation actions, and finally the expected benefits
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that are generated by these actions. Finally, this research develops a conceptual framework

connecting the motivations, actions and the benefits of the digital transformation.

The structure of this research is including the opening chapter (the introduction) which represents
the background digital transformation, highlighting the main purpose of this research, the
motivation and the contribution of the research. This chapter gives the reader an insight into the
area of focus of this research, in addition to highlighting the main research questions.

Chapter 2 of this research discuss deeply the methodology of this research, the steps, protocols,
processes of the methodology, and explaining the examination processes of the studies deeply.
Chapter 3 is regarding the min findings after performing a deep analysis of the existing studies and
literature based on the main findings. Chapter 4 includes the discussion and analysis chapter of the
main findings presented in chapter 3 according to the research questions. Chapter 5 is the
conclusion of this research which contains, limitations of this research, future studies regarding
the digital transformation of the supply chain in the addition to a summary of the discussion and

some comments regarding the main topic.
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2. Research Methodology

The literature review is playing a significant role in research development and its progress, and it is
aimed “to provide a historical perspective of the respective research area and an in-depth account of
independent research endeavours” (Mentzer & Kahn, 1995). (Light & Pillemer, 1984) Underline their
capability to aggregate Knowledge in existing studies, as a process that can create new knowledge
and can achieve progress in the research, and, highlight that this synthesizing practice is at the same

level of significance as constructing new research.

In order to eliminate the bias from the researches, a systemic structure in the literature review was
undertaken and implemented to make the research characterized as a high-level of review aggregated
from primary studies that are focused on answering a certain question, in addition, to provide more
evidence-based character on the research. (Rousseau, et al., 2008) Reported that systematic Literature
reviews are different from the conventional narrative methods of literature reviews. Systematic
reviews differ from the conventional literature review in many aspects since the SRL is characterized
with comprehensive since all the relevant studies are included besides the use of transparent analyses;
and apply a critical analysis with specific criteria for providing the evidentiary value of a body of
previous literature (Rousseau, et al., 2008). Moreover, according to (Tranfield, et al., 2003), SLRs
feature the implicit principles of transparency, inclusivity, and heuristics that allow obtaining high-
quality research by reducing bias and errors due to a deeper focus on objective observation and

repeatability of results.

Systematic literature review (SLR) is significant due to two-pronged aspects: First by helping in
collecting and re-organising existing information from the preliminary studies existing in a more
systematic and structured way. Second, building a new knowledge through building a framework and
analysing the existing body of knowledge, so based on these facts SLR should follow a guideline and
a certain protocol and systemic steps in order to have the best results in findings and answer the main

research question(s).

Due to the above-mentioned features, SLR Methodology was conducted and adopted in this research,
in order to find existing studies and accumulate all the knowledge and information related to the
Supply chain Digital Transformation with the aim of answering the main research question(s).
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2.1 An Overview of Systematic Literature Review

2.1.1 General Overview

Systematic literature review (SLR) forms a crucial methodology for identifying, selecting, and
analysing secondary data (Tranfield, et al., 2003; Denyer & Tranfield, 2009). (Kitchenham &
Charters, 2007) Defined systematic literature review (SLR) methodology as: ““a means of identifying,
evaluating and interpreting all available research relevant to a particular research question, or topic

area, or phenomenon of interest.”

Over the last decades the Systematic review processes and its related procedures has been achieved
a progress, and those days became one of the key roles in evidence-based practices, however SLR
basically defines the key scientific contributions to a sector or question, meanwhile the meta-analysis
provide a statistical practices for analysing the findings, achieving a more relevant and reliable
research that couldn’t be found in any single study, consequently, adopting SLR is consider now as

a “ Fundamental scientific activity “ (Mulrow, 1994).

(Tranfield, et al., 2003) In his study that was published in the British journal of management outlined
three main stages and processes of the systematic literature review: Planning the review, conducting
the review and Reporting the review. And these stages are divided into phases that (Tranfield, et al.,
2003) detailed them as the following:

Stage I-Planning the review:

Phase 0 - Identification for the need for a review
Phase 1 - Preparation of a proposal for a review
Phase 2 - Development of a review protocol

Stage 11-Conducting a review:

Phase 3 - Identification of research

Phase 4 - Selection of studies

Phase 5 - Study quality assessment

Phase 6 - Data extraction and monitoring progress

Phase 7 - Data synthesis
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Stage I11-Reporting and dissemination:
Phase 8 - The report and recommendations

Phase 9 - Getting evidence into practice

In planning the review stage, the aim of the review has to be identified, the procedures should be
carefully selected, and a protocol has to be developed then to be evaluated. In the second stage which
is conducting the review stage, the research has to be identified and the selection for the studies
should take place in this stage along with quality assessment. At the end of the second stage, the
necessary information that could lead to answering the research question and data extraction is
fundamental to be implemented since it is considered as the backbone of the research. In the last
stage, reporting the review, the final result and the analysis should be reported, formatted and

evaluated.
On the other hand, according to (Durach, et al., 2017) SLR methodology pursue six steps:

(1) Defining the research question,

(2) Determining the required characteristics of primary studies,
(3) Retrieving a sample of potentially relevant literature,

(4) Selecting the pertinent literature,

(5) Synthesizing the literature,

(6) Reporting the results.

(Durach, et al., 2017) Considered four key publications that helped him to illustrate these steps: First,
(Mulrow, 1987) that reported the original discussion of systematic literature review method structure,
which formed the core for sequential systematic literature review guidelines in medicine and other
fields. Second, the Cochrane Collaboration - established in London, the United Kingdom in 1993 —
that was publishing frequently the latest insights regarding Systematic literature review guidelines in
the medical sector (Cochrane Collaboration , 2011). Third, the Campbell Collaboration - a sister
initiative established in 2000 with the aim of enhancing Systematic literature reviews in the
educational, behavioural and social practices — is publishing regularly the latest update and feedbacks
of its methodological recommendations (Campbell Collaboration, 2016), Finally, (Tranfield, et al.,
2003) drew on previous systematic literature reviews guidelines trying to make systematic literature

reviews methodology as an adopted method to the management field. In other publications, (Mulrow
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& Cook, 1998) and (Denyer & Tranfield, 2009), identical Stages was reported; thus, they are

considered to be demonstrated by the four selected references.

2.1.2 The Systematic Literature Review in the SC Domain

Medicine sector was the first sector that the Systematic literature reviews were adopted in, that was
published in 1972. Then, this methodology has been introduced to different fields and sectors. And
as in many other fields, Supply chain management (SCM) is one of these fields that the systematic

literature review was introduced in and being adopted as a research methodology.

Recently in the supply chain management domain, the number of Systematic literature reviews
methodology that was adopted in the publication is facing a noticeably increase, that usually is being
promoted by the journals themselves. (Durach, et al., 2017) analysed the publications related to the
Supply chain management published during the period 2010-2015, and he identified that 133
research that a Systematic literature review was taken a place as an adopted methodology, (33%) of
the publications (44 research out of 133) were published between 2010 and 2012 and 67% of the
publications (89 out of 133) between 2013 and 2015.

(Tranfield, et al., 2003; Denyer & Tranfield, 2009) Argued that the researches related to the
management field is still in a nascent stage and still achieving progress in terms of agenda and focus.
Management research does not have a consensus on a method of research and does not enjoy the
aggregation on a research question, unlike the other more mature fields such as medicine or
engineering. Therefore, Management researchers tend to define and to address a steady flow of
questions rather than aggregate and construct consistent knowledge blocks and data extraction
focusing on a certain question. A significantly increasing number of researches related to
management field, combined with the information technology progress, has led lately to that
synthesizing different literature and accumulating a knowledge base to become an increasingly

topical challenge.
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2.1.3 Features of Systematic Literature Reviews

Systematic reviews play a significant role in the development of evidence-based practice in evidence-
based practice. Initiated in the medical sector, then they have been extended to be applied in
management research to decrease the “research-practice gap” (Rousseau, 2006). According to
(Kitchenham & Charters, 2007) there are some features that discriminate the Systematic literature

reviews from the conventional methodology such as:

e SLRinitiate by defining a review protocol that highlights the research question(s) and reports the
processes that will be performed and followed to implement the review.

e They are built on a planned and well-defined search strategy that should take into consideration
the relevant literature as much as possible and report their search strategy so the completeness,
credibility and the objectivity can be assessed while reading the research

e SLRshould have some inclusion and exclusion criteria to evaluate each potential study and paper.

e Systematic literature reviews point out the data and information to be aggregated from each
primary study and paper.

e A systematic review is essential for quantitative meta-analysis.

(Kitchenham & Charters, 2007) Summarized the main advantages and motivations of adopting of

Systematic literature review in the researches. Firstly, the well-defined methodology makes the

results more comprehensive and doesn’t take a certain opinion of a particular researcher more than

another, in addition, it takes several points of view, which gives more comprehensive, realistic,
objective and less biased opinions and results in the studies. Hence, and after reviewing all the
features, characteristics, and the objectivity of systematic literature review, it has been found that
adopting of SLR methodology is the best-suited methodology to be performed in this research and to

identify and address the main research questions:

RQ1 “What are the motivations that drive the digital transformation of the supply chain?”
RQ2 “What are the transformation actions triggered by specific motivations?”

RQ3 ""What are the expected benefits that are generated by transformation actions?”
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2.2 Systematic Literature Reviews in SC Digital Transformation

Digital Transformation is the adopting of digital technologies to solve traditional problems. These
digital solutions enable genetically new types of creativity and innovative solutions, rather than

simply enhance and support traditional methods. (Lankshear & Knobel., 2008).

With the advent of the Fourth Industrial Revolution (Industry 4.0) in the recent years, a need to adopt
new technologies in several aspects in the manufacturing and industries was increased, especially in
the supply chain, which can achieve a significant impact on the performance and effectiveness in the
Supply chain. Consequently, “The Digital Transformation” term can be identified as the adoption of
digital technologies to solve traditional problems. These digital solutions enable genetically new
types of creativity and innovative solutions, rather than simply enhance and support traditional
methods (Lankshear & Knobel., 2008).

To identify the motivations that drive digital transformation, the transformation actions triggered by
the motivations, and the expected benefits generated from transformation actions, three research
questions were designed. In order to answer the three research questions, this research has been
benefited from the systematic literature review methodology based on the multi-stage approach that
includes a presentation of steps undertaken to conduct this systematic review. As a pre-defined search
strategy this multi-stage approach has been adopted in this thesis which includes seven main steps
for conducting a systematic literature review in the supply chain digital transformation which

illustrated below in (Figure.2):

Step I: Defining research questions - Supply Chain digital Transformation

Step IlI: Identification of research (databases and keywords) — Scopus and Web of Science.
Step I1I: Selection of related studies

Step IV: Screening and study quality assessment

Step V: Reporting the results (Findings and outcome)

Step VI: Data analysis

Step VII: Discussion and Conclusion
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« Defining Research Questions - Supply Chain Digital
Transformation

« Identification of Research (databases and keywords) -
Scopus, Web of Science, Google Scholar

« Selection of Related Studies

« Study Quality assessment

*Reporting the results (Finding and Outcome)

« Data analysis

« Discussion and Conclusion

Figure 2 Review Main Process Conducted in this research

2.2.1 Defining the Research Question(s)

Addressing the research questions is the most essential part and of any systematic literature review
since it drives the whole systematic review methodology. As the first step of this research, the main

questions were addressed, and it was defined as below:
RQ1 “What are the motivations that drive the digital transformation of the supply chain?”
RQ2 “What are the transformation actions triggered by specific motivations?”

RQ3 ""What are the expected benefits that are generated by transformation actions?”
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2.2.2 ldentification of Research Sources

After performing the first step (Defining the research question and the aim of this study), the
identification of research sources is taking a place as a second step. In this step, a research well-
defined strategy must be established and defined, to go on with this step some elements should be
defined as well such as Databases and keywords in order to obtain as many primary studies as possible
that could be related to the main research question (Kitchenham & Charters, 2007).

This research was identified and performed using two main academic literature collections; Scopus
and Web of Science (WQOS), since they are widely consulted by researchers and sometimes used in
research evaluations, besides they include better quality literature published regarding Supply chain
Management. Furthermore, Google scholar was also used as a search engine since the articles can be
found and the access can be reached to the researches that are related to this research topic if they are
not available or there is no access to the articles in WOS and Scopus. But Google Scholar is Unlike
Web of Science (Wo00s) and Scopus since it doesn’t provide metadata on the document type and the
language of the documents that it covers. 12 Keywords were chosen to start the Identification of the
research and some keywords were combined to ensure the best result of search that could cover all
the possible researches related to the main topic as shown on (Table.1) that illustrates the keywords,
number of articles for each keyword and the date of search beside the source of search.

Once the keyword combinations were defined and the process of the search was implemented
successfully through electronic academic literature collections databases, the finding was reported in

an Excel spreadsheet.

The search findings reported 2956 papers search results from Scopus academic database and 1334
search results from Web of Science academic database with Total of 4290 publications related to the
12 Keywords combination which have been chosen before, and they were identified as preliminary
primary studies of this research review and they were saved in the excel spreadsheet for further
processes and procedures. The literature search phase was implemented in the period 27th October
2018 and 9th of November 2018 a detailed summary of the literature search phase including the

keywords combinations, the total number of papers and the search dates is reported in Table 1.
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scopus Web of Scince

Keywords Combinations Papers Search Date Papers Found Search Date
1. "Supply Chain" and "digital transformation" Fosusnd 27/10/2018 16 27/10/2018
2. "Supply chain™ and "digitalization" 74 27/10/2018 39 29/10/2018
3. "Supply chain" and "IOT" 449 27/10/2018 286 9/11/2018
4. "Supply Chain" and "Digital Innovation" 7 27/10/2018 5 29/10/2018
5. "Supply chain" and "14.0" 3 27/10/2018 1 29/10/2018
6. "Supply chain" and "Industry 4.0" 165 27/10/2018 109 5/11/2018
7. "Supply Chain" and "big data" 559 27/10/2018 421 9/11/2018
8. "Supply Chain" and "Block chain" 133 4/11/2018 50 4/11/2018
9. "Supply chain" and "additive manufacturing" 173 29/10/2018 117 5/11/2018
10. "Supply chain™ and "artificial Intelligence" 1183 29/10/2018 160 29/10/2018
11. "Smart Supply chain" 49 29/10/2018 18 29/10/2018
12. "Supply Chain" and "Big data analytics" 126 4/11/2018 112 9/11/2018

Total 2956 1334

Table 1 Keywords combinations and the search Details

2.2.3 Developing a Review Protocol and Selection of Related Studies

In the previous step, the preliminary primary studies were identified, thus in this step (the third step),
two main actions should take a place: firstly, developing a review protocol, secondly the selection of

related studies in order to narrow our search range.

According to the requirement for transparency of the process, the use of a set of clear selection criteria
IS a must in the systemic reviews, in order to evaluate whether each study is relevant to the main
research topic or no. The purpose of defining the clear criteria in the selection process is to facilitate
the evaluation and the assessment of the reviewer’s decision besides simplifying the updating in of

the systemic reviews. (Denyer & Tranfield, 2009).

A pre-defined review protocol is an important element for the Systematic literature review to define
the map needed to be followed to narrow and decrease the possibility of bias of researchers to a
certain opinion and to take as many opinions as possible in order to cover all the possible point of
views, as well as a pre-review protocol study, could support in scoping research questions. To narrow

and identify the preliminary, some selection criteria are used.
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Therefore, the inclusion and exclusion criteria should be specific to the research question

(Kitchenham & Charters, 2007). In this research, inclusion and exclusion selection criteria are defined

to identify and select the most relevant papers that related directly to the topic and could make

progress to the main research questions.

The Inclusion criteria can be detailed as below:

Studies that are related to the topic “Supply chain” are included.

Studies that are related to the topic “Digital Transformation “are included.

The language of the study must be in English.

The study must be published after 2010.

The Studies that have a type of Article, conference papers, book chapter are included.
An abstract must be available.

Full text of the study must have access to (Available full text).

Only Supply chain related journals are included.

On the other hand, the Exclusion criteria are:

The Studies that are out of the topic of “Supply chain” (First research phase) are excluded.

The Studies that are out of the topic “Digital Transformation “(second research phase) are
excluded.

All studies published in a language other than English are excluded.

The Studies that have been published in 2010 or before are excluded.

All Study with a type of Books, conference review, meeting review, short survey, meeting
abstract book reviews and non-defined document type are excluded due to the limited time.
Studies whose abstracts are not available must be excluded.

All studies whose full text cannot be accessed excluded.

All journals that are not related to Supply chain field are excluded.

Papers with modelling and simulation as a methodology are excluded.

Due to the above exclusion and inclusion criteria, this research followed the most important feature

of the Systematic literature review which is the comprehensiveness, inclusiveness and unbiasedness,

by making this research non-limited to a certain sector or certain conceptual studies but also included
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empirical researches of different sectors, in addition, the study includes both qualitative and

quantitative research.

Furthermore, the primary studies didn’t restrict to a specific methodology and it contains diverse
methodology types of studies (Conceptual, Surveys, Conventional Literature Review, Case Studies,
Systematic Literature Reviews, and Delphi study approaches, Focus Groups, Interviews and Native
category approaches). Regarding the Source of the papers that have a type of article, conference
papers and book chapter were included and due to the limited research time, all other types such as
(proceeding papers, meeting abstract, book, review, shot survey, etc.) are excluded. In a later stage
of screening, books chapter were also excluded due to a large number of the total papers resulted
after the screening process.

The following Flowchart shows the steps and the actions that were taken to filter and screening the

articles and visualizes and identifies in which step exactly inclusion criteria is implemented:
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Screening and study quality assessment Defining research questions

Data analysis

Defining research questions -
Supply Chain digital
Transformation

Identification of the
Keywords (N=12)

v

v

Duplicated Papers Excluded (N=1321).

Non — English Papers Excluded (N=82).

No Abstract papers Excluded (N=37).
Conferences reviews, Book chapters, Meeting
abstracts and Non-defined document type are
Excluded (N=395).

All papers published 2010 and before are
Excluded (N=449).

Papers published in Journals not related to
Supply chain Field are Excluded (N=1611)

Out of Topic Papers (N=302).
Not available full text papers (N=2).

Simulations, and Models are Excluded (N=25).
Out of Topic Papers are Excluded (N=8)

Scopus Papers WoS Papers
(N=2965) (N=1334)
v
Total Papers (N=4290)
v
Initial Screening of Titles &
Abstract (N=395)
v
Screening Full Text
(Skimming Phase) (N=91)
\ 4
Dzrs]zzl)f)stilsve ~ Review of Full Paper for
Framework Initial Analysis (N=58)
\ 4
. Review of Full Paper for the
Review o .
Framework > second Analysis (Deep
Reading) (N=56)

Figure 3 Review Process Flowchart.

Papers related to supply chain but not related
to Digital Transformation are Excluded (N=2)




Other criteria were also taken into account such as Language, abstract and access to the full text
(availability), to obtain clarity and comprehensiveness. Finally, the most considerable criteria for
selecting paper is the relationship of the paper with the topic, within-scope papers, out of scope
papers. Basically, within-scope papers are the studies that related somehow to the scope of supply
chain “AND” Digital transformation or can have a key or clue that can help in answering the main
research question, meanwhile the out of scope papers involve the papers that they are not related or
have no action or information related to the topic or can provide any information that could have a
clue related to the main research topic.

As mentioned before and after a careful selection of keyword combinations with the total of 12
keyword combinations then the search was performed on the academic electronic databases (Scopus
and Web of Science), the result was 4290 publications before applying any criteria to filter and screen
and narrow the number of the papers. The previous flowchart illustrates the review process of
selecting the relevant studies that could support this research, and the screening and selection
processes were implemented on 4 stages: First Stage is implementing some criteria such as
(Duplication of the studies, Language of the study, Availability of the Abstract, Type of the
document, year of the publication, Source of the Paper (Journal) and the relationship of the paper

with the topic).

The Result shows that the number of the excluded papers were as following:

e Duplicated Papers Excluded (N=1321).

e Non - English Papers Excluded (N=82).

e No Abstract papers Excluded (N=37).

e Conferences reviews, Book chapters, Meeting abstracts, and Non-defined document type are
Excluded (N=395).

e All papers published in 2010 and before are Excluded (N=449).

o  Papers published in Journals that are not related to Supply chain fields are Excluded (N=1611).

After the application of the first stage and criteria mentioned above, the remaining publications that
are included are 395 Publications.

In the second selection stage, more in detail exclusion criteria were applied such as Related to the
topic by Initial Screening of Titles & Abstract and assessing whether the paper is related to the topic

or no. Other criteria were applied in this stage which is the availability of the full text considering the
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studies whose full text cannot be found in the two main electronic academic databases (Scopus and

Web of Science) beside Google scholar and the result shows that:

e QOut of topic Papers that are not related to the Supply Chain “and/or” Digital Transformation is
Excluded (N=302).

e Not available full-text papers (N=2).

This second elimination process appeared a result of 91 papers to be screened in the full text in further

detail to assess their link to the main research topic.

In the third phase of the selection of studies, 91 papers’ full text was reviewed in the initial analysis
phase by skimming and fast reading to assess the relevant papers and their relativity to the topic.
Some simulations, modelling, and papers that focus more on the supply chain or more in the
technologies were also eliminated since the scope of this research is the digital transformation in the
supply chain rather than the focus on technologies used in the supply chain, and the results were as
below:

e Simulations and Models are Excluded (N=25).

e Qut of Topic Papers are Excluded (N=8).

The remained publications after this phase is 58 publications that are ready to enter the final selection
process.

Finally, the 58 papers that left for the previous stages were analysed and reviewed carefully by a deep
reading action. Similarly to phase three the criteria was chosen mainly as a relativity to the topic of
supply chain “And” digital transformation in the alignment with filling and extracted the relative
information in the descriptive analysis framework — during phase three —, and a general review
framework was filled as well (will be illustrated in details in the next section) in the final phase
according to a defined structure and the result after the final stage was:

e Papers related to the supply chain but not related to Digital Transformation Excluded (N=2).
The result after four stages of screening showed that 56 papers are available and ready to be analysed
and the necessary information was extracted and filled in the descriptive analysis framework and in
final review framework those will be explained in detail in the next section of this report,

Consequently, 56 papers were identified as core papers of this research at the end of the stage.
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2.2.4 Study Quality Assessment

Screening and study quality assessment was implemented to figure out whether to include the paper
that could help in analysing the topic related to Supply chain digital transformation. By developing
and implementing the inclusion and exclusion criteria, papers that fall within the scope of the thesis
were selected and became eligible to the next assessment phase. The next phase contains data analysis
where the papers that passed screening and quality assessment are moving to the next filtering phase.

2.2.5 Data Extraction and Data Analysis

Data analysis is the most important phase of the systematic literature review methodology since it is
considered as a backbone for analysing the main information that is included in the research
questions. The main objective of this stage is to establish data extraction framework to record the
information that researchers and authors obtain from the primary studies in order to decrease the
possibility for bias then data extraction framework should be designed and well-defined and piloted
when the study protocol is established (Kitchenham & Charters, 2007). In this stage, the eligible
studies and papers from the previous phase should be analysed and broken down into smaller pieces

by extracting the necessary data to investigate the similarities and differences between the studies.

After designing the data extraction framework and extracted the data from the primary studies, these
small pieces are collected to be analysed and evaluated to see the whole image and connect all the
information and ideas to answer the research question. To support synthesizing the small pieces, a
framework was developed to observe all data in a more comprehensive approach forming a bigger
image that could help in answering the main question. Data extraction frameworks are designed to
assess many aspects of the primary studies such as the technical aspect and the descriptive aspect and

these frameworks need to be piloted on a pattern of primary studies.

The framework was selected carefully to start the data analysis phase, and those elements were
divided into 5 main elements and a sequence of sub-elements. The main element of the framework

is:

1. Descriptive Information.

2. Digital Transformation Scope.
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Technologies.

3

4. Transition Process.

5. Context and Supply chain collaboration and
6

Performance Measurements.

Data Analysis phase contains two main steps, the first step is the review of full papers for initial
analyses and the extracted data was filled in the descriptive information section in the framework.
The second step is the review of the full paper for second analysis extracting the data related to the
framework’s section: Digital Transformation Scope, Technologies, Transition Process, Context, and
Supply chain collaboration and Performance Measurements.

The result after these phases contains 56 papers that could include in the final analysis and could lead

to providing an answer for the main thesis questions.

2.2.5.1 Descriptive Analysis Framework

As a need to develop a data extraction framework in systemic literature review, the first data
extraction framework was designed to support this research is Descriptive analysis framework that
includes the necessary element to be filled with the descriptive information of the primary studies in
order to reduce the bias and to simplify the analysis regarding the descriptive aspect of the primary
studies.

The Descriptive analysis framework contains several sub-elements such as:

Number, Source, Keywords, Source Title (Journal), Title, Authors, Year, Document Type, Abstract,
Language of Original Document, Title Screening, Comments, Abstract Screening, Reason of
Excluding and comments, Main Purpose, Comments and Excluding Reason -if any-, Research
Methodology and Research type, Article Summary (Conclusion), Data gathering method, Research

Limitations, and Implementation Timeline.

As mentioned in figure 3, the flowchart shows that there is an initial analysis process is needed. The
main aim of the initial analysis process is to describe the primary studies besides screening the studies
and figure out the most relevant studies that could be within the topic. In addition to filtering the
papers by their Title and Abstract as an initial analysis phase to reduce the bias and add a

comprehensive sense to this research. The relevant information of the resulted 58 studies was
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extracted and reported into the first framework built on Excel. Table 2. Illustrate in detail the Sub-

element of the descriptive analysis framework and interprets each sub-element.

Descriptive Information

Framework Elements Explanation
Number Number of the Article document in the Articles File
Source Scopus of Web of Science
Keywords For tracking relationship between Articles and keyword combinations

Source Title (Journal)

Descriptive information for citation proposes

Title Descriptive information for citation proposes and Inclusion\Exclusion
Authors Descriptive information for citation proposes

Year Descriptive information for citation proposes and Inclusion\Exclusion
Document Type Descriptive information for citation proposes

Abstract For Filtration and Screening (Inclusion and exclusion)

Language of Original Document

Descriptive information for citation proposes and Inclusion\Exclusion

Title Screening

The result of the title screening (Include or Exclude)

comments

The reason of Excluding

Abstract Screening

Descriptive information for citation proposes and Inclusion\Exclusion

Reason of Excluding and comments

The result of the Abstract screening (Include or Exclude)

Main Purpose

Brief idea about the article

Comments and Excluding Reason -if any-

The result of the Fast Reading screening

Research Methodology and Research type

Systemic Literature review, Case Study, Conceptual, ....... etc.

Avrticle Summary (Conclusion)

Brief idea about the article

Data gathering method

Source of the data in the article (survey, Questionnaire, Etc.)

Research Limitations

Brief idea about the article

Implementation timeline

Brief idea about the article

Table 2 Descriptive analysis framework
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2.2.5.2 Review Framework

After the descriptive information of 58 studies was extracted in the first descriptive framework, a
need for more comprehensive, complete covering technical aspects is a must to go through the next
analysis phase which is the deep analysis. A review of the full text and deep detailed analysis were
taken a place in this phase to continue extracting the data from the primary studies, but regarding the

technical aspects and other aspects such as digital transformation scope and more detailed elements.

The second data extraction form was designed for the 56 core publications to be deeply analysed.
This framework was built in a more detailed way. All information extracted in the first framework
(descriptive analysis framework) was included in the second framework. Moreover, more elements
were added to the full review framework and it can be detailed as Descriptive Information, Digital,
Transformation Scope, Technologies, Transition Process, Context, and Supply chain collaboration,

and Performance Measurement.

After choosing the elements carefully, they need to be specified more in order to extract more detailed
data and cover all the aspects needed to answer the main research answer. Due to that reason those
elements were divided into sub-elements to gather as much specific information as possible, this is

from one hand, on the other hand, to help in the finding and the outcome of this research.

The first element of this framework is the descriptive element, which is specified in the previous
section in a more detailed way including the sub-elements that form the descriptive framework. The
second element of the review is Digital Transformation Scope, that it is the form that should be filled
with the data and information regarding the Impact of the technology on the supply chain from
expected benefits, to influences, resources needed, Risks till Preventative measurements, furthermore
other sub-elements that form this element were inspired by W5 or Ws Form (Why, Where, Who,
What, when) but modified in order to align with the research aim and answer the research questions
: 1) Where: is to define in which stage Supply chain Life-Cycle and in which part of SC it is
implemented?, 2) Why to indicates the Motivation, Decisional and Strategic Drivers, Operational
Drivers, Digital business model design (Design the value proposition, Define actors of the value
chain, Design relations among actors), 3)What for the Activities, Digital Transformation planning),
in addition to 4) How that capture the data regarding Methods and How the Digital transformation

will take place.
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The third element is mentioning the technologies that the paper is focusing on, by deeply reading the
technologies were mentioned can be summarized as: 10T, Big data analytics, Industry 4.0, Artificial,
Intelligence, Robots, VR, AR, BIM and Virtual Twinning, Blockchain, RFID, and Track & Trace
technologies, Additive Manufacturing - 3D Printing, Nano sensors and Drones and AGV.

In the fourth element which is the “Transition Process”, the data regarding the enablers of the
technology transformation, the barriers of implanting the transformation besides the challenges and
of course the change management practices, were extracted for the primary studies. Context and
Supply chain collaboration are also chosen as an element, that it is designed to collect the data
regarding the Sector or Industry where the digital transformation was taken a place beside the strategy
used in the supply chain and the country that the research of the primary study was placed.

The final element was focused on the information connected to the performance management before
the implantation and the possible change in the performance after the transformation.
Table 3 interprets more in detail the elements and sub-elements used in the review framework and

the explanation of each element and sub-element.
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Descriptive Information

Framework Elements Explanation
Number Number of the Article document in the Articles File
Source Scopus of Web of Science
Keywords For tracking relationship between Articles and keyword combinations

Source Title (Journal)

Descriptive information for citation proposes

Title Descriptive information for citation proposes and Inclusion\Exclusion
Authors Descriptive information for citation proposes

Year Descriptive information for citation proposes and Inclusion\Exclusion
Document Type Descriptive information for citation proposes

Abstract For Filtration and Screening (Inclusion and exclusion)

Language of Original Document

Descriptive information for citation proposes and Inclusion\Exclusion

Title Screening

The result of the title screening (Include or Exclude)

comments

The reason of Excluding

Abstract Screening

Descriptive information for citation proposes and Inclusion\Exclusion

Reason of Excluding and comments

The result of the Abstract screening (Include or Exclude)

Main Purpose

Brief idea about the article

Comments and Excluding Reason -if any-

The result of the Fast Reading screening

Research Methodology and Research type

Systemic Literature review, Case Study, Conceptual, ....... etc.

Article Summary (Conclusion)

Brief idea about the article

Data gathering method

Source of the data in the article (survey, Questionnaire, Etc.)

Research Limitations

Brief idea about the article

Implementation timeline

Brief idea about the article

Digital Transformation Scope

Impact Expected benefits, Influences, Resources needed, Risks and Preventative measurements
Where Supply chain Life-Cycle stage, in which part of SC it is implemented?
Motivation, Decisional and Strategic Drivers, Operational Drivers, Digital business model
Why design (Design the value proposition, Define actors of the value chain, Design relations among
actors)
What Activities, Digital Transformation planning
How Methods, How the DT will take place

Technologies

The technologies that mentioned in the articles and

studies

10T

Big data analytics

Industry 4.0

Artificial Intelligence

Robots

Theyarable Technologies, VR, AR

BIM and Virtual Twinning

Block chain

RFID and Track & Trace technologies

Additive Manufacturing - 3D Printing

Nano sensors

Drones and AGV

Table 3 Review framework
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Framework Elements

Explanation

2 Enablers Drivers and factors that enabling successful transition

(<5

o

g Barriers Constraints and limitations against implementing the solution

<

o

= Challenges Difficulties that have to be addressed

= Change Management The Organization reaction and the adjustment processes to adopt the change (Pre, and Post
the Change)

£

g Sector (Industry) Sector analysed where the technology implemented

>c

[SIN=

SS

" o

% E Supply chain Strategy Supply Chain Strategy (Lean, Agile, Responsive,)

£ 8

[

1S

8 Country The country that the Technology implemented in

Performance Measurement

Performance Management (Pre-implementation)

The performance of the Supply chain before Implementing the Transformation

Performance Management (Post implementation)

The performance of the Supply chain after Implementing the Transformation

Table 4 Review framework (Continued)
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3. Findings

After forming the needed frameworks needed for the Data Extraction and data analysis and
implementing the Exclusion and Inclusion criteria on the 4290 papers, the search yielded 58
publications that were considered potentially relevant to meet the inclusion criteria. In this chapter,
the outcome and finding will be analysed and presented to understand the nature of the chosen papers

and to go forward to the next analysis phase.

3.1 Descriptive Analysis

In this section, Descriptive analysis was undertaken to describe the Systematic Reviews and the 58
primary studies which are part of this research. To perform a relevant analysis, a descriptive analysis
framework (as mentioned in Ch. 2.2.5) was designed to extract the necessary data needed for this
analysis. Some examples of the extracted data used in this analysis are the year of publication of
each study, Methodology type and the journal name of each study in order to conduct an analysis in
term of temporal distribution of the studies, classification of the paper by Method of research,

distribution of the papers by journal-title, and finally the digital technology listed in each study.

3.1.1 Temporal distribution of the Publications

Taking into consideration the temporal distribution of 58 papers, Table 5 illustrated the distribution
of the relevant studies over the years, besides the percentage of the number of publications to the total
relevant papers’ numbers. As shown in Table 5, it is evident that relevant publications have been
occurring since 2013, though the quantity of these has been relatively low. However, since 2015 the
number of publications has increased significantly because the Digital technologies began to receive
more attention. To justify why the analysis took place until 2018, it is worth mentioning that the
sources of the research were identified between the period 27th October 2018 and 9th of November
2018 and it is likely that an even greater number of papers will be published in the field of Supply
chain and digital transformation in 2019 than in any previous year.
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Year Number of Publications Percentage to The Total Papers

2013 1 1.7%
2014 2 3.4%
2015 7 12.1%
2016 13 22.4%
2017 12 20.7%
2018 23 39.7%
Total 58

Table 5 Temporal Distribution of the Publications

Figure 4 below visualizes the Distribution of publications by year and the percentage of the number
of the publication each year to the total number of publications. The graph shows the number of
publications used is increasing gradually over the years, and the last 3 years witnessed a significant
increase in the number of the publications related to Digital technology and supply chain field since
it formed around 82.8% of the relevant studies used in this research, indicating that this field is

witnessing an increase in the number of researches and studies during the years.

As mentioned before inclusion criteria of “the study must be published after 2010” was undertaken,
but what draws attention in this figure that the number of the relevant studies in 2011 and 2012 used
in this research equals zero, on the other hand, the highest percentage as shown is 2018 with 39.7%,

where 23 publications are used as primary study for this research.

Hence, Figure 4 clearly indicates an upward trend in research interest during the years and this interest

started to increase specifically after 2012.
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Figure 4 Number of Publications and Distribution of Publications by Year

3.1.2 Classification of Publications by Method of Research

Percentge of the number of publications to the total number of relevent

studies.

The methods used in the primary studies varied between Conceptual, Conventional Literature

Review, Systematic Literature Review, Delphi study approach and other Qualitative research such as

Surveys, Case Studies, focus group and Interviews.

In this analysis, 58 papers were included but Simulations and Models were excluded as a method of

research in previous steps since simulations and models were chosen as exclusion criteria.

Table 6 below describes the distribution of the methodologies used in the primary studies over the

years. It is worth noting that the most used method in preliminary research is conceptual Method with

almost 29.3% with a total of 17 studies out of 58 included in this research, followed by Survey
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methodology with 19% while Systematic Literature Reviews is 8.6%, meanwhile, the other

qualitative methods have been taken almost 18.9% between Case studies, focus groups and interview.

As shown below a methodology named Delphi approach was adopted in 3 studies with 5.2%
publications of the primary studied, and this approach briefly defined as a structured communication
method, basically developed as Systemic interactive forecasting and relies on a group of experts,
(Dalkey & Helmer, 1963; Sackman, 1974), and it been commonly used for business forecasting but

it surpasses other forecasting techniques, (Green, et al., 2007).

Methodology 2013 2014 2015 2016 2017 2018  Total Percentage
Conceptual 1 2 3 6 1 4 17 29.3%
Survey 1 3 7 11 19.0%
Conventional Literature Review 4 1 3 2 10 17.2%
Case Study 2 2 5 9 15.5%
A Systematic Literature Review 1 2 2 5 8.6%
A Delphi study approach 1 2 3 5.2%
Focus Group 1 1 1.7%
Interview 1 1 1.7%
Native category approach 1 1 1.7%
Grand Total 1 2 7 13 12 23 58

Table 6 Distribution of studies By Method of Research

Below a pie chart was undertaken to visualize the Distribution of the methodology used in the Primary

studies and the percentage of each methodology to the total number of the studies (Figure.5):
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Figure 5 Distribution of studies By Method of Research and their Percentage

3.1.3 Publication by Journal Title

After implementing the inclusion and exclusion criteria, including the exclusion of all journals not
related to the supply chain topic, the 58 primary studies are distributed among 28 journals related to
the supply chain topic. As shown in Table 7 below, International Journal of Logistics Management
journal had taken the first place in the number of the papers used from this journal with 9 papers
achieving almost 15.2% of the total 58 publications used in this research, furthermore, the second
journal Is International Journal of Physical Distribution and Logistics Management that has 4 papers
used for this research with a percentage of 6.9%, Then the result followed by Journal of Business
Logistics, Annals of Operations Research, International Journal of Production Research and more

others journals.
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Below Table 7, a pie chart below was designed to illustrate the percentage of distribution of the papers
by journal, considering, the number of papers that exceed 2 papers of the same journal, See Table 7

and Figure 6 below.

Journal Title Number of  Percentag
Publication e
S

International Journal of Logistics Management 9 15.52%
International Journal of Physical Distribution and Logistics 4 6.90%
Management

Journal of Business Logistics 4 6.90%
Annals of Operations Research 3 5.17%
International Journal of Production Research 3 5.17%
Journal of Manufacturing Technology Management 3 5.17%
Production Planning and Control 3 5.17%
Technological Forecasting and Social Change 3 5.17%
Advances in Manufacturing 2 3.45%
IEEE Engineering Management Review 2 3.45%
Industrial Management and Data Systems 2 3.45%
International Journal of Operations and Production Management 2 3.45%
International Journal of Production Economics 2 3.45%
Transportation Research Part E: Logistics and Transportation Review 2 3.45%
ARPN Journal of Engineering and Applied Sciences 1 1.72%
Benchmarking 1 1.72%
Business Process Management Journal 1 1.72%
California Management Review 1 1.72%
International Journal of Industrial Engineering and Management 1 1.72%
International Journal of Simulation: Systems, Science and Technology 1 1.72%
International Journal of Supply Chain Management 1 1.72%
Journal of Business Economics 1 1.72%
Journal of Business Research 1 1.72%
Journal of Cleaner Production 1 1.72%
Journal of Humanitarian Logistics and Supply Chain Management 1 1.72%
Management Research Review 1 1.72%
Supply Chain Management - An International Journal 1 1.72%
Technology Innovation Management Review 1 1.72%

a1
(o]

Total

Table 7 Distribution of the Papers by Journal Title
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Figure 6 Distribution of the Papers by Journal Title

3.1.4 Publications by the Technology Listed

After the initial analysis of the 58 studies, the technologies that enhanced the digital transformation
are varied between big data analytics, Internet of Things, Radio frequency identification (RFID) and
Track & Trace technologies, Additive Manufacturing - 3D Printing, Industry 4.0, Artificial
Intelligence, Robots, The arable Technologies, and VR, AR, BIM and Virtual Twinning, and finally
the Nano sensors technologies. And as mentioned above, the framework contains the Technologies
listed in the publications was conducted to extract the information regarding the paper topic and the

technology mentioned in the paper.
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Regarding the digital technology listed in the 58 papers Table 8 depicts the digital technologies that
took a place and enhanced the Digital transformation and number of publications that listed these
technologies over the years. In some publications in the primary 58 studies, more than one technology
was listed in the same paper, hence the total number of technologies listed in the studies will exceed

the number of the papers

The Table shows that Big Data Analytics is the most mentioned technology in the papers with 38
papers talks about the influence of Big Data Analytics in the digital transformation, meanwhile, the
loT digital technology took the second place with 16 times in 16 papers.

By analysing the data in Table 8, a significant increase in the number of researches was undertaken
during the period 2013 — 2018, indicating the increase in the attention in the digital technologies over
the years, for example, in 2013, the number of papers that listed Big Data Analytic as a research topic
was 1 paper out 58 papers, meanwhile in 2018 the number of publications regarding the same topic

is 21 papers., this result is also applied to 10T technology topic and industry 4.0 topic.

Technology Type 2013 2014 2015 2016 2017 2018 Total
Big Data analytics 1 1 3 6 6 21 38
loT 2 3 4 7 16
RFID and Track & Trace technologies 2 3 5 4 14
Additive Manufacturing - 3D Printing 1 2 5 3 1 12
Industry 4.0 1 2 3 4 10
Artificial Intelligence 1 1 2
Robots 1 1
Theyarable Technologies, VR, AR 1 1
BIM and Virtual Twinning 1 1
Nano sensors 1 1

Table 8 Publications by Technology Listed in the Publications

As an analysis of Table 8 above, Figure 7 below was designed to explain the trend of the publication
along the years. Three observations can be noticed in figure 7:
1. As mentioned before inclusion criteria of “the study must be published after 2010 was

undertaken, but what draws attention in this figure that the number of the relevant studies in 2011
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Number of Publications

and 2012 used in this research equals zero, which could indicate that the technologies started to
have an increase in attention in the period of 2013.

Big Data Analytics is the most mentioned technology in the papers with 38 papers talks about
the influence of Big Data Analytic in the digital transformation, meanwhile, the IoT digital
technology took the second place with 16 times in 16 papers.

As shown below in the trend line of the Figure 7, significant increase in the number of researches
was undertaken during the period 2013 — 2018, indicating the increase in the attention in the
digital technologies over the years, for example, in 2013, the number of papers that listed Big
Data Analytic as a research topic was 1 paper out 58 papers, meanwhile in 2018 the number of
publications regarding the same topic is 21 papers., this result is also applied to loT technology

topic and industry 4.0 topic.
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Figure 7 Technologies Listed in the Publications along the years
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3.2 Digitalisation and Digital Transformation in the Era of Industry 4.0

3.2.1 Digitalisation and Digital Transformation

In recent years, the discussion about the impact of digitalisation and digital transformation has been
raised again in various sectors, including the business sector (Bounfour, 2016; Westerman, et al.,
2014) and production processes, as well as the supply chain, resulting from the acceleration of
technological development (Bounfour, 2016) from the launching of the first digital computer to the
introduction of World Wide Web In 1993 by Tim Berners-Lee (Vogelsang, 2010).

(Vogelsang, 2010) indicated that the new digital technology wave or as he preferred to call it, “Sth
Kondratiev wave” is not only changing our production processes but also it changes the way of living,
and he added that “after the steam, steel, electricity, and petrochemical revolutions, network-based

digitalisation is the driving force today on the stage of business and private life” (Vogelsang, 2010)

In General, the term “Digitalisation: is referred to the transformation of the analogue information
system into the binary system (0 or 1) digital digits, in the other word it describes the process of
transformation of the information from the physical systems to the digital systems (Collin, et al.,
2015). (Collin, et al., 2015) Argued that digitalisation is also a change in the current value chains
among the industries and public sectors and that change is a global megatrend, in the addition, various
terms such as Mobile apps, big data, Internet of things, Industry 4.0 could be useful to describe this
phenomenon. However, the digital transformation term refers to the adoption of individuals,
businesses, organizations, and societies of the new digital technologies, resulting from the
digitalization that previously mentioned, and this transformation is characterized as a global
accelerated process (Collin, et al., 2015; Westerman, et al., 2014). Eventually, and according to
(FitzGerald, et al., 2013), and with the accelerated technological development (Bounfour, 2016) there
is no organisation will be capable to isolate itself from the digital transformation and the Competitive

environment that follows adopting the new digital technologies (FitzGerald, et al., 2013).
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3.2.2 Industry 4.0

In Hannover fair 2011, the term “Industrie 4.0 was initially presented, then after 2 years, in 2013 it
was adopted officially as a German strategic initiative to take a leading role in the industrial fields,
which characterized by the fast development in the manufacturing a has a revolutionary nature. After
that the term “Industry 4.0 “was adopted to indicate to the fourth industrial revolution (Alexopoulos,
et al., 2016; Qin, et al., 2016) the term symbolized the Fourth Industrial Revolution and its
implications for the adoption of digital technology in industries and all other fields in addition to the
current trend in adopting this technology and what it includes of enabling technologies such as the
cloud computing, Internet of Things (I0T) and cyber-physical systems (CPS) (Hermann, et al., 2016;
Kagermann, et al., 2013; Lu, 2017).

To reach the current fourth industrial revolution, industrial revolutions have undergone three

industrial revaluations throughout history, and following the timeline, the revolutions were as below:

1. At the end of the 18" century and the early 19", the lunch of the first industrial revolution
(Industry 1.0) was taken a place by adopting mechanical manufacturing systems benefiting from
using water and steam power in the manufacturing systems.

2. Atthe end of the 19" century, the second revolution was launched, characterized by utilizing the
electrical power in the productions, resulting in a mass production concept.

3. In the middle of the 20™ century, the third revolution was started by adopting automation,
microelectronic devices, and technology in manufacturing, achieving development in
manufacturing practices and technologies. In this industrial revolution a significant development
has occurred thanks to the use of computer numerical control (CNC), robots that made flexible
manufacturing systems (FMSs) real, computer-aided design (CAD), computer-aided
manufacturing (CAM) and computer-aided processing planning (CAPP) that enhanced the use
of computer integrated manufacturing (CIM) (Feng, Li, and Cen 2001). What distinguishes the
third industrial revolution is the development of information and communication technology,
resulting in a core transformation in every field of the manufacturing paradigm (Feng, et al.,
2001). The third industrial revolution also adopted the automation of machines and processes
(Tan & Mathews, 2010), but what differs the third revolution from the fourth revolution is that
the industry 4.0 was concentrated more on the end—to—end digitisation besides the integration of
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digital ecosystems through finding full integrated solutions. Figure 8 represents the stages of
industrial revelations.

Source: International Journal of Production Research

4th Industrial Revolution: The Age of Cyber

Physical Systems (CPS)

In 2013, the Industry 4.0 concept was officially

presented (GTAI 2014) The

3rd Industrial Revolution: The Information Age

Introduction of electronic and ICT systems for
automation

In 2005, the concept of industrial information

integration based on emerging new ICT was officially
presented (Xu 2011)

2nd Industrial Revolution: The Age of
Electricity

Introduction of mass production utilizin
electrical power

1st Industrial Revolution: The Age
of Steam

Introduction of mechanical
manufacturing systems

utilizing water and steam power

Figure 8 The evolution from Industry 1.0 to Industry 4.0.
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3.3 Digital Transformation in Supply Chain

Supply chain sector like other sectors that been affected by the fourth industrial revolution. The last
thirty years witnessed an enormous shift in the supply chain and logistics, shifting from the pure
operational processes which report to the sales or production facilities and concentred on the supply
of production lines and the distribution — mainly — to the final customers, to an autonomous Supply
chain functional unit, and this unit has been shifted its focus from the conventional process to
advanced planning processes, trying to implement integrated processes and operations from the

customers to the suppliers. (Alicke, et al., 2016).

According to the above-mentioned article that published on the McKinsey website, the digital
transformation was taken a place in almost all process of the supply chain management, and in the
same article (Alicke, et al., 2016) illustrated the main Supply chain 4.0 improvement levers to six
main value drivers, summarizing that the shift will take a place in services and cost generally. See
Figure 9 that shows the Supply chain improvement levers map to the main six value drivers. (Alicke,
etal., 2016).

As shown in figure 9 the digital transformation was benefited in several Supply chain management
value drivers such as Strategy, Planning, Collaboration, Order management, Performance
management and physical flow.

Next section and as the reporting of the findings of this research the Digital transformation practices
will be explained in detail corresponding to various value drivers and processes of the Supply chain

Management.
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Source: (Alicke, et al., 2016)
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Figure 9 Supply Chain 4.0 Improvements Levers map to six main Value Drivers

3.4 Digital Transformation in Supply Chain Practices

As (Alicke, et al., 2016) argued that Digital Technologies represented by the industry 4.0 will affect
all areas of supply-chain management and most of the supply chain processes, hence in this section
and as reporting of the findings of this research, the Digital transformation practices will be explained
in details corresponding to various value drivers and processes of the Supply chain Management,
starting from Digital Transformation in integrations and planning, demand management,
Procurement & supply management, , in Manufacturing and Production Processes, Logistics

Management and Transportation and Sustainability .
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3.4.1 Digital Transformation in Supply Chain Integration and Planning

Supply chain management (SCM) contains the activities of planning, implementing and controlling
the flow of products, information, and also the financial flow from the supplier of supplier (first
destination) to the final customers through various firms (Nurmilaakso, 2008) Supply chain usually
characterized by a heterogeneous composition, hence the need was raised for the firms operating in
the Supply chain network to work closely in more collaborative environment to ensure suitable
coordination between the different firms, in addition, to ensure the harmony and time synchronisation

in the processes, flow and the activities (Ngai, et al., 2011).

With the introduction of Industry 4.0, the transformation started to take place in many fields, and the
supply chain is one of those fields that get affected by the new digital technologies, and since the
integration is the main lever for improving the performance and efficiency among the supply chain,
some technologies are playing a major role in the transforming by increasing the integration among
the different firms to ensure the time synchronisation in the process and the activities (Ngai, et al.,
2011). Some examples of the technologies that played a role in the transformation of the Supply chain
integration are Big data Analytics, Industry 4.0, 10T and what be considered as its application RFID

(Radio Frequency ldentification).

(Vendrell-Herrero, et al., 2017) Reported that the current technologies advancement in the area of
digitisation will play a significant role in the introduction of digital technologies in the supply chain
functions, and this will implement a change in the current supply chain models and can create new
models that are taking into consideration the functions, stakeholders, and responsibilities that are

being driven by the development of the digital technologies.

Going back in the literature, some terms related to the industry 4.0 have been created and they have
been used as terminology to describe the new interconnected and communicated systems that full fill
the customers’ orders , such as ambient intelligence (Kloch, et al., 2010), Internet of Things (loT)
(Ma, 2011), industrial internet (Evans & Annunziata, 2010), e-supply chain (Akyuz & Rehan, 2009),
physical internet (Montreuil, 2011), smart factory (Hessman, 2013) and smarter supply chain (Butner,
2010).
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One of the new technologies that are related to the era of industry 4.0 is Big Data, which explains the
massive amount of data that has different characteristics than the traditional data and information.
Big data is significant since it characterized with 3Vs, Velocity, Volume and Variety of Data. To
benefit from big data, the organisations need to extract the proper data and to design models that
interpret, analyse, predict and optimize the outcomes of the businesses, in addition to the implement
the transformation of the business processes (Barton & Court, 2012). Advanced Analytics is based

on data mining aiming to find new interpret models in data (Leventhal, 2010)

Big data alone is not an effective tool for implementing, it needs an analytical tool to exploit the
information and ensure the expected benefits from exploiting it, according to (Sanders, 2016) Big
data without analytical tools is just a huge amount of data that needs to be analysed, exploited and
transformed into a useful set of data, on the other hand Analytics without big data are just statistical
and mathematical. Numerous of those tools have been available many years ago for example as

correlation and regression analysis.

Hence, it is about the whole combination of big data and analytics that is catalysed by today’s
computing power, which creates the ability to read out significate insights and transform the

information into intelligence creating big data analytics (BDA) (Sanders, 2016).

Big data analytics (BDA) is achieving a progress in Supply chain integration, collaborations, and
planning, also, it enhances the firms to improve the Supply chain relationship between the various
actors by aiding the transparency in their conventional operations. This transparency will support the
firms acting in the supply chain in their joint execution that can lead to more contextual “intelligence”
shared along all the supply chain processes no matter what is the industry or sector, and could make
a common strategic plan in order to address the customers’ requirements and satisfying their needs
in a more effective way, hence a good knowledge and implementation of BDA could improve the
collaboration along with the supply chain processes among the SC firms (Fayezi & Zomorrodi, 2015).

Industry 4.0 and its related technology - Big data Analytics (BDA) -, has numerous features regarding
the integration processes along the supply chain, as (Kagermann, et al., 2013; Wang, et al., 2016;
Brettel, et al., 2014) Argued that Industry 4.0 and big data include three main features; which could
be three types of integration at the same time, and these types of integration expected to take a place

in the reality in future production and SC network:
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Vertical integration: this type of integration focuses on the integration of different digital systems
at various hierarchical levels within the factory and the plan (Kagermann, et al., 2013), in order
to obtain a flexible and reconfigurable production system (Wang, et al., 2016; Brettel, et al.,
2014). (Wang, et al., 2016) Underlined the need for vertical integration system through sensors
and actuators, for real-time monitoring and tracking and then, through the Manufacturing
Execution System (MES) and further up to the Enterprise Resource Planning (ERP) level. This
Integration will ensure continuous competitiveness through employing the Digital tools,
Software and digital transformation practices (European Commission, 2004).

Horizontal integration which refers to the integration along with the network with the
organizations operating at the same level of the value chain and this value chain will simplify
inter—corporation integration and collaboration, where the information and the value flow
smoothly among these firms (Wang, et al., 2016).In this integration, linking the value creation
modules among various firms in the value chain by reducing the added value within the firm and
pressing a collaborative manufacturing and collaborative value chain in order to create a
collaborative environment among the value chain. (Brettel, et al., 2014).

End-to-End engineering integration: it is referred to as the activity of the integration that
enhances the support of the rising requirements regarding the product customization across the
entire value network (Wang, et al., 2016). This integration includes the linking of the different
actors along the value chain from stakeholders, materials, and equipment across all the product
life cycle, starting from the raw materials procurement, ending with the end of the life cycle
(Stock & Seliger, 2016 ).

By implementing the industry 4.0 and big data in the above mentioned 3 types of integration, the

collaboration, transparency, the integration will be improved across the value chain, in order to better

respond to the customer’s needs in a more effective and efficient way. One of those ways to increase

the collaboration and integration between different actors along the value chain is increasing the

“Transparency”, for which the organizations are seeking, to increase transparency in their supply
chains (Bell, et al., 2016).

The general context of the Supply chain that each organisation acts like a producer and an information

user in the chain, hence the organisations need to analyse and intercept the data they receive from

their supply chain partners, in addition, they need to generate data, so to work in more responsive and
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collaborative chain, there is also a need to analyse the data internally and to share information to their
respective partners externally. In another word both inside and outside collaboration and synergies
can be ensured along within the organisation and along the supply chain by selecting and monitoring
the relevant data and information through big data technologies since it offers vast prospects for
developing an integrated and collaborative business model that can create those synergies (Fosso-
Wamba, et al., 2017).

Starting from asking “what kind of information should the firm share with their supply chain
partners?” A prober information system can be developed, since the firms that are operating in the
same chain need the prober information in order to build a collaborative and integrated network by
defining what kind of information the well be benefited from across the supply chain, consequently,
without defining what to share with partners, the communications between the partners would be
almost zero. The link of data in the interconnected supply chain starts from the suppliers, products,
firms, inventories finishing with customers, would generate quick, and better data quality (Wu &
Yue, 2016).

Implementing the new technologies in data capturing and involve the industry 4.0 technologies in the
supply chain, raised the concept of Smart supply chain, which focuses to producing better information
that can be characterized with following (Pedroso & Nakano, 2009):

1. The prober type of information that creating more value to the chain.

2. A better information quality such as more accurate data, precision in delivery time, and actual
demand quantity.

A better timing compares to the conventional methods

speed such as real-time transmission over the network

facilitated access to gain the needed information

Controllability for information sharing

N o g &~ w

Privacy protection.

Practically speaking, the sharing of good information is not usually available, or in other cases it is
not being shared with the supply chain partners, due to political, empirical, and competitive reasons,
hence it will weaken some firms in the decision making in addition to the risk mitigation, (Wu &

Yue, 2016). Furthermore, the necessity of the organisations for integrating information from multiple
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sources, since the value of the data is the most significant matter when the firms are facing the demand
uncertainty (Wu & Yue, 2016).

Another point to highlight is the difference between the information in the conventional environment
and the Big Data environment as explicit in Figure 10, which explains the difference between the

data in the normal environment and big data environment.

As shown below the characteristics of information in the big data context is more real-time
information and has relatively a higher value than the information in the traditional environment,
hence, for organisations, generating and gaining real-time and accurate information would be more
helpful, since it will help the firms for real-time responses for the variation in the business

environment hence, improving the service level (Liu, et al., 2018).

Source: (Liu, et al., 2018)
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Figure 10 Information comparison between in the traditional environment and in the big data environment

When the information is being exploited properly and being shared with other supply chain partners,
the overall coordination will be improved, ensuring efficient materials and information flow across
the Supply chain (Damiani, et al., 2011). The importance of the information sharing impacts on the
performance of the supply chain relies on the type of information that being shared, the time of

sharing, how it is shared, with whom and the information quality (Holmberg, 2000), since it is
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affected by the trust built among the partners positively while it is influenced negatively by supplier’s

uncertainty (Wang, et al., 2013).

On the other hand sharing a lot of data and information could affect negatively in some cases, since
that ensure that no firm has the right information when it is required (Liker & Choi, 2004), hence it
is significant to define the type of information to be shared in order to create a proper supply chain
visibility and transparency (Handfield & Nichols, 2002)

The transparency is needed to be transformed into business value but this transformation requires
internal integration of Supply Chain activities, since the availability of data alone doesn’t enhance
the organizations capabilities to respond to the continuous variations the business environment
(Williams, et al., 2013), but in order to increase the ability to respond to the change in the business
environment, firms are exploiting new and existing technologies such as big data besides the analytics
capabilities in order to monitor, track and trace carefully all the entire supply chain processes from
the upstream until the downstream operations aiming to gain transparency and to have a better

decision making in the internal and external supply chain practices (Carter & P, 2011).

The transparency in the supply chain depends basically on the information-sharing regarding the flow
of the products along with the supply chain processes. (Morgan, et al., 2015) Has launched the term
of operational supply chain transparency (OSCT), which is defined as an organisation’s capability to
proactively take part in communication with stakeholders along the supply chain, to gain visibility,
transparency, and traceability in the practices of both upstream and downstream part of the supply
chain operations. OSCT refers to the range to which supply chain firms who operate in the same
network, can track the existing and historical activity of the products flow across the entire value
chain (Morgan, et al., 2015).

The traceability activity of the products flow provide date regarding the specification of the operation
such as transport time, throughput time, stock size, number of operators, work in progress and much
more data regarding the operations (Cheng & Simmons, 1994), providing transparency in the supply
chain that could reduce the complexity of the processes by enhancing the visibility along the supply
chain network (Gunasekaran, et al., 2015). In order to achieve the above features along with the

supply chain processes, organisations have long relied upon different forms of the data analytics and
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big data to improve the flow of the information and supply chain practices (Accenture, 2014), as an

example of these forms is supply chain analytics (SCA).

Supply chain Analytics (SCA) is a new term related to big data, terminology that points to the field
of big data and business analytics in Logistics and Supply chain management, that being launched by
(Wang, et al., 2016).

SCA Have the potential to increase the visibility of Supply chain and in addition to the increase in
the collaboration and integration among the supply chain network, by reducing the wastages and
insufficiencies in the chain, such as the increasing of fuel costs, delayed in the deliveries and low
suppliers performances (Barnaghi, et al., 2013). The term SCA refers to the adopting of analytical
tools, to improve the performance of the Supply chain and to support the decision-making processes
(Chae, et al., 2014; Davenport & O’Dwyer, 2011; O’Dwyer & Renner, 2011).

Supply chain Analytics has the ability to affect the Supply chain network in both, long term and short
term, besides it contains tools and techniques that can extract data from a harness data from a massive
range of internal and external sources to obtain a comprehensive visions that can improve the
performance of supply chains in terms of costs reductions and real-time risk monitoring and also in

terms of improvements in operational agility and services quality (Deloitte and MHI., 2014).

For the above-mentioned features, the organisations world wild are striving to implement SCA in
their value networks aiming to improve collaboration, integration, tractability and supply chain
visibility, in order to create new business models and concepts in their core, on the other hand, the
increasing in the competition that lead the companies to obtain these technologies to increase the
possibility of potential innovation hoping of gaining a competitive advantage within the new created
business models and concepts (Downes & Nunes, 2014).

It is worth mentioning that the acquisition of data to enhance the Supply chain operations and
transparency alone is not adequate, This data has to be transferred into a useful models and to exploit
this data in a proper way, in order to support the decision making in supply chain, and gain a faster
response to the change in the business environment (Morgan, et al., 2018). However, digital
technologies may provide the organisations with a massive amount of data regarding the value chain

activities, but the firms are often can’t achieve the expected benefit and outcomes such as the visibility

59



(Williams, et al., 2013), which is a means to enhance the transparency along the supply chain

processes (Morgan, et al., 2018).

This unsuccessful implantation of the digital technologies, is related to implementing these
technologies despite the huge amount of data that they acquired along the value chain, due to mis-
exploit of the acquired data, besides the lack of models that could be useful for enhancing the
visibility and furthermore the overall transparency along the supply chain, and such a deficiency
marks a low capability of information and data processing mechanism, such as analysing,
interpreting, and taking a proper action upon the acquired information from the technologies
(Morgan, et al., 2018; Williams, et al., 2013).

The overall benefit from both the internal integration and external information sharing is to improve
the performance of the process and operations and to add value to the value chain by ensuring the
customer satisfaction (Fawcett, et al., 2011), and this integration can provide a close relationship with
customers improved collaboration with the suppliers and vice versa (Vickery, et al., 2003).

To better respond to the customers, need and ensure the customer’s satisfaction in more effective and
efficient, a collaborative and integrative environment must be ensured along with the supply chain
activities. As it is mentioned before the Supply chain visibility and which is a means to enhance the
transparency along the supply chain processes (Morgan, et al., 2018), is one of the main pillars to
guarantee this Collaboration, and those pillars are facing an improvement thanks to the new digital
technologies and what it achieved for developing a collaborative environment, but what is Supply
chain “visibility” that enhance the collaboration and what is the digital transformation regarding the

visibility along the value chain ?.

Visibility is a significant capability in supply chain management, it one of the capabilities that support
the managing of the value chain (Barratt & Oke, 2007; Brandon-Jones, et al., 2014). Visibility
basically refers to the flow of information and data between the different firms that operate in the
same chain (Brandon-Jones, et al., 2014), and grant the partners the ability to see each other’s
processes and activity such as Inventory levels and replenishment quantities, this vision and what it
related to transparency in the flow of information increase the confidence and decrease the
interventions, that will affect the decision making positively (Christopher & Lee, 2004).
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According to (Papadopoulos, et al., 2017), In order to increase the collaboration, transparency and
visibility, Big data Analytics capabilities are very useful and promising technology to achieve that,
especially by decreasing the behavioural uncertainty that is originated from the information
asymmetry (Morgan & Hunt, 1994; Kwon & Suh, 2004), which can reduce the opportunistic
behaviour between the different actors in the supply chain, and this behavioural uncertainty derives
from the failure in predicting who will be the Supply chain partner. (Joshi & Stump, 1999), and also
due to the lack of information regarding the partners of the supply chain, which can impact negatively,
the supply chain performances. (Williamson, 1985).

With the spread of the platforms that relies on the new technologies, sharing real-time information
monitoring between the partners across the supply chain is possible now a days, thanks to industry
4.0 technologies, and this is leading to improvements in the visibility, in addition to sharing the real-
time information is fundamental at this stage, for its positive impact on the responsiveness of the
supply chain (Li & Lin, 2006; Gunasekaran, et al., 2008). The real-time information sharing can be
implemented through using Joint Score Cards and business plans, and as IBM highlighted this
visibility has a significant impact on the Supply chain planning, but it is also having a serious impact
on the real-time execution (IBM, 2009).

According to (Handfield, 2016) “response velocity” which depends on the real-time transparency of
the supply chain, will be a future source of competitive advantage for the firms, to which achieve it,
requires to have and improve the knowledge of the digital technologies besides the development of
it, as well as, exploiting the Big Data analytics tools and its related information extracted from the
supply chain. In the recent years, a need was raised to gain the transparency within the organization
and across the value chain, in addition to innovation capabilities and intelligence to enhance the
digital transformation within an organisation and its resilience and responsive (Schrauf & Berttram,
2016).

The raised attention of the organisations in the digital transformation of the visibility within the
supply chain impose them to increase their attention to the responsible social practices in their supply
chain in parallel to their business strategies and models, furthermore, the exchange of real-time access
to the data will increase the level of trust in the supply chain, and improve the buyer-supplier
relationship (Hoejmose, et al., 2013).
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As above-mentioned, and on the planning level, Big data analytics is enhancing the visibility,
transparency, and increase the collaboration and develop the joint planning between the supply chain
partners, but the technology of big data alone is not enough for gaining these benefits for the value
chain, hence there is a need for other technology to provide this data in order to analyse it and share
so the questions are “how this huge amount of data is captured?” and * what are the other technologies

that support the Dig data analytics ?” .

Information technologies systems (IT) is a fundamental element in the exchanging the information
and ease the information flow along the supply chain, recently, the amount of data is being increased
significantly in the era of industry 4.0 and big data, since this data characterized by massive volume,
high velocity, increased complexity, and variability, hence there is a need for an advanced

technologies to capture, extract, share, distribute and analyse the data (Savitz, 2013).

Yet, the information management is one of those fields that concerns about the management of the
processes especially in the acquisition, extraction, creation, capturing, storage, distribution and the
analysis of this information, but when we talk about information management we don’t mean the
management of the technology itself, it is more about the management of the previously mentioned

processes (Detlor, 2010).

Internet of things (10T) is a combination of hardware, software, objects, sensors, devices and systems
that are working all together as a network in order to serve humanity. (Marshall, 2012). It is a result
of the digital and technological revolution in communication and computing, and it releases the
insights of “anytime, everywhere, any media and anything” connections (Atzori, et al., 2010). These
insights and concepts allow connecting the digital technologies with the physical objects, launching
a new division of services and applications, which can be described as the Internet of things (1oT),

and its main application Radio Frequency Identification RFID.

The main idea of this technology includes connecting a short-range mobile transceiver with a huge
number of items, providing a significant development on usability and productivity. This technology
is taking the manufacturing and Supply chain field into another level, due to the singular value that
can create along the whole supply chain and for the stakeholder, for example, RFID tags are proving
day by day its effectiveness in reducing inventory shrinkages and avoiding the stock-out and excess

stock and overall, the data accuracy. (Wu, et al., 2016).
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(Masciari, 2012) Argued that RFID technology is based on radio signals that hold product
identification and other information related to the products. This technology can impact the supply
chain effectively due to its capability of increasing the visibility in the supply chain, besides the
capabilities of achieving improvements in the efficiency and effectiveness of the manufacturing, and

also can reduce the negative impact of terror and theft (Zelbst, et al., 2012; Kevan, 2004).

The rise of the RFID and loT technologies enables the acquisition of information with effective
reduction costs for companies (Fu & Zhu, 2010), However, The RFID should be symmetrically
distributed but achieving this is difficult, and in case it is not symmetrically distributed, there will be

a need for coordination in order to avoid the conflict (Gaukler, et al., 2010).

Recently, the efficiency of the operations are being enhanced thanks to the new technologies and the
new mobile device with the new functionality, (Shibi, 2011), but that rate during which it being
adopted is relatively slow but that same it steady, hence it gives a promising insights for the future of
the supply chain (McCrea, 2012).

Supply chain processes and activities generate a massive amount of information, and the firms can
turn this information into intelligence models, aiming to achieve progress in the supply chain
effectiveness and efficiency, and this source of information can be gained through analytics, GPS,
RFID, Sensors, POS and social media feedback. Some examples of successful stories of
implementing these technologies are Walmart and Amazon, However, most companies still didn’t

take advantage of these new technologies (Schmarzo, 2014).

(Sanders, 2014) Summarized capturing the data using 10T technologies, by collecting data from the
point of sales (POS), Radio Frequency ldentification, in addition to Global Positioning Systems
(GPS), to the data captured using sensors and extracting data from the social media. This massive
amount of captured data supporting Big Data analytical tools and considered as fuel to BDA, and
BDA providing the analysis capabilities, to gain a new business model that helps in real-time

responses to the variation and the changes in the business environment.

As a summary of this section the impact of the digital transformation in the supply chain on the
planning level can be reported as Supply chain visibility, Supply chain transparency, Integration with

different types within the organization and across the supply chain, The quality of data captured along
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the supply chain, tractability and tracking, decision making, and real-time monitoring of the supply
chain and manufacturing activities, in addition to the way of data capturing and the integration of the

Big data and 10T in order to gain this benefits.

It is worth to highlight that the benefits and the opportunities that can be achieved by implementing
industry 4.0 technologies and BDA are quite promising, particularly in developing the firms of
decision making and can guarantee a strong relationship with customers and sustainable relationship
with the suppliers and overall, the benefits regarding the operations efficiency and effectiveness
(Chen & Zhang, 2014) but in spite of these charming benefits, the practical employment of these
technologies in Supply chain management processes is not always feasible since it needs a change in
the culture of the organizations and the mindset. Figure 11 illustrates briefly some advantages of the

industry 4.0 technologies along the supply chain and the technologies connecting to industry 4.0.

Source: (Gravili, et al., 2018)

1 Intemet of
Things (laT)

Figure 11 Design principles and technology trends of Industry 4.0
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3.4.2 Digital Transformation in Demand Management

In the business environment, achieving customer satisfaction is the most significant component to
ensure the surviving in the competition environment. In the last decades, the customer and the final
consumer were always considered to be a part of the downstream in the supply chain, and their
position was located at the last phase of the distribution network, but this didn’t last for too long. In
the early 2000s, the new age of supply chain was launched, since the experts and scholars started to
rethink about the position of the customer in the network, and they started to concede more power to
the customers rather than producers and suppliers. (Rainbird, 2004; Juttner & Christopher, 2007;
Hilletofth, 2011) .

This changing in the power resulting in the rise of the concept of “Demand chain” that based on the
creating pull and attention of new products. This creating in pull explains that the development and
production of the product would not happen unless there are customers who have the willingness to
purchase this product or participating in the development stages of the product’s design, and of course
this involvement will start very early within the new product development (NPD) such as Design
phase. (Ganji & ", 2018).

Nowadays many organisations are providing the chance to the customers to be involved within the
practices of design, creating and customizing their desired product, achieving a significant
improvement in the organisation’s market by increasing the volatility, reducing the products life cycle

in addition to the remarkable reduction in the logistics cost. (Ganji & ", 2018).

Moreover, the launching of industry 4.0 enhancing the innovative ideas for the fully integrated
technological development, and of course this technological advancement found its way to be a part
of the supply chain and logistics, taking them to another level of application and practices, such as
interconnectivity, smartness, high efficiency and overall the friendly relationship with the customers
(Ganji & ", 2018) . Hence lately the implementations of industry 4.0 along the supply chain is being
highly considered in addition to the product development, planning stages and engineering phases
(Ganji & ", 2018).

The concept of Supply chain management is about “having the right item in the right quantity at the
right time at the right place for the right price in the right condition to the right customer” (Mallik,
2010). However these activities was not free of challenges and difficulties, due to the increased
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complexity, uncurtaining and some other factors, hence the supply chain in the practice faces the gap
between the demand and supply causing mismatching negative impacts such as stock-out issues,
overstocking, and delays in the deliveries that took the researched attention for a long time (Wong,
2012).

Day by day, the supply chain becomes more and more complex, uncertain, high cost, with increased

risk, hence, the need for smarter practices to face these changes is a must (Butner, 2010).

Moreover, the advancement of the computer science, digital technologies, and semiconductors play
a role in the development of the supply chain aiming to create large-scale intelligence instruments
for merging the physical objects, information, data, products, and the processes all together (Schuster,
et al., 2007).

As an example of previously mentioned, the organizations that are supporting the smart technologies
and applying these technologies in their activities can fulfil the orders with global teams, dynamics
systems and smart analytics across the whole supply chain processes reaching to the farthest possible
stage of the value chain (Hessman, 2013). It is worth to mention that the companies that implementing
the new digital smart technologies can last longer in the completion compare to the firms that they
are functioning with these digital technologies since these smart technologies are implemented in

transportation and production.

In the 1950s the transformation of the conventional supply chain activities started to take a place with
the alignment of the launching of TOYOTA’s Kanban systems that based on the pull-based
production systems. Furthermore, the initial concept of demand chain criteria that includes the
production of just in time (JIT) and the use electronic data interchange systems (EDI), in the addition

to bar codes, and point of sales (POS) was implemented during the 80s and 90s (Ohno, 2012).

The main aim of the new systems is to improve the efficiency and effectiveness of the supply chain,
and ensuring the reduction in the inventories, the lead time and to ensure a smooth flow of the
materials and the information across the supply chain activities. The most significant Catalyst of such
a transformation is the advancement of globalization in the late 2000s, and the increased selective
behaviour of the customers that raised the challenge for the organizations in satisfying their needs
since it became difficult to be satisfied. (Y & Lau, 2018), besides the fact that customers tend to have

more personalized and convenience products.
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However, some global companies that they used the dominant product-based as a strategy, started to
adopt the demand practices to stand in the market and earn competitive advantages to last longer in
the completion of the business environment and customer need’s inconstancy. An example of those
companies is Procter & Gamble (P&G) that changed their policies into the demand-driven practices
(Budd, et al., 2018). The demand-driven practices are being increasingly used along the firms'
operations starting from the product development reaching to the marketing & and sales practices,
finishing with the distribution and logistics activities (Juttner & Christopher, 2007; Gattorna, 2015).

The differences between the supply-driven chain and demand-driven chain are basically in the
strategies and policies of the organizations in addition to the attributes, in another word, the supply-
driven chain’s strategies have a concept of purchasing forced view meanwhile the demand-driven
chains rely on the customer’s need and requirement moving toward the upstream part in the supply
chain. However, the supply-driven firms are pushing the new products to the market and the demand-
driven entities are making the good for its particular customer in order to make the products to be
pulled by the market, while recently the customer is involved in the process of new products
development (NPD) (Ganji & ", 2018).

One of the most significant drivers that actually enhanced the transformation and implementation in
the demand management is the practices and application platforms, which are characterized by
providing a real-time data and information about the demand and inventory levels, in addition to the
tracking capabilities of the ongoing products flow along the whole supply chain activities aiming to
have an effective response to unexpected changes and fluctuations resulting a reduction in the lead
time (Budd, et al., 2018).

According to (Budd, et al., 2018) demand-driven chain is based on 4 key elements, by which
achieving them, a successful transformation could be guaranteed such as visibility along the value
chain especially in the demand and inventory levels, coordination between all the partners in the
value chain, infrastructure for a faster response to the changes in the business environment and

optimization of the performance along the supply chain.

(Budd, et al., 2018) Designed figure 12 below that report a comparison between operations of the
traditional supply chain and demand-driven supply chain. As the Figure 12 shows that the use of IT

systems and platforms, and share real-time information decreases the time of information sharing
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from 4 to 8 days to zero along the distribution network units resulting a faster flow of products,
reduction inventory levels, as well as a reduction in transportation and warehousing cost in addition
to planning time and lost sales. The previously-mentioned benefits increase the potential of customer
satisfaction and customer sell-through.

Source: (Budd, et al., 2018).

The flow of information and products across a hypothetical supply chain
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Figure 12 DCMs enable supply chain participants to share information and products more rapidly and frequently

With the advancement of the Internet and new digital technologies in addition to the prosperous of
connection technologies, new business models have arisen. A new models that have been driven with
the development of the digital technologies, in order to explore browsing the changing behaviours,
habits, preferences and even characteristics of customers, in addition to its ability to make the
organizations to understand their customer’s need can help companies to understand more their
customer’s needs (LI, et al., 2018). One of these new business models is electronic commerce or as

it is known as e-commerce. (Li, et al., 2018).

With the accelerated advancement of the information technologies e-commerce started to turn into a
fundamental integral part of the people’s daily routine, since it contains a network that can provide
the customers with basic daily products from food, clothes, education, travel, entertainment and most

of the basic daily products and services. E-commerce can be defined according to (Turban, et al.,
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2002) as a global business trade practice utilizing digital technologies and electronic tools such as

telephone, fax, telegraph, computer, and mobile communication.

E-commerce symbolizes a different portfolio of business configurations that relies on the information
technologies, computer networks, and these configurations include the exchange of the good,
services, advertising, intermediaries and other models. (Li, et al., 2018). For a better understanding
of e-commerce in a broad sense, electronic commerce is wherewithal for achieving the business

activities utilizing the digital technologies and through using them a medium in the business.

In e-commerce, the organizations communicate within the company internally and with the other
actors in the chain from suppliers to customers through implementing electronic business processes
and communication activities between them. Since it improves the efficiency of the manufacturing
and distribution channels, inventory levels and provides an increase in the financial health of the
organizations (Li, et al., 2018).

Since the e-commerce is being accelerated developed, the model of the traditional supply chain
started to expose to the innovative new changes, resulting a customer experience that characterized
with flexibility, but this interaction of online businesses with the customers will face increased

challenges and opportunities for the supply chain managers (Li, et al., 2018).

In the conventional Supply chain models, all the firms form the downstream part till the upstream
part is sharing the benefits, data, and information by creating communication between their business
to have common benefits and, to gain the advantages of common development. What distinguishes
the traditional supply chain model is that all the supply chain actors from retailers, suppliers,
manufacturers are not performing as separated entities, they all perform as one collaborative joint
(Li, et al., 2018).

Figure 13 below illustrates the different actors who perform in the supply chain and distinguishes
between them. In figure 13 the actors of the traditional supply chain include Suppliers, producers and
manufacturers, distributor, retailers and finally the customers, and it shows how these entities are
linked between each other by information, material service, capital and the flow of the products
(Lambert & Cooper, 2000).

In the traditional supply chain, the Products and value flow are established from the suppliers and

moving toward the customers, unlike the information flow and the capital since they move toward
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the opposite direction as it is illustrated in Figure 13 below. The outcome of this directionality is that
the functions and management of each of the various directions are unique. The supplier is regulating
the production and the assembly based on the customers’ requirements where located in the final
stage of the downstream in the supply chain. It worth to mention that to build an effective and efficient
supply chain network, collaboration should exist among the partner of the supply chain and to build

a mutually beneficial network. (Li, et al., 2018), see Figure 13 below.
Source: (Li, et al., 2018)
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Figure 13 The mechanisms and operation of the traditional supply chain

As it is well-known, the supply chain management is based on customer demand, that -is drives the
flows to operate smoothly and dynamically. It is significant to identify customer demand and build a
sensible supply chain strategy by utilizing this flow of information. (Li, et al., 2018). The activity of
redesigning this information is called demand-supply chain management (DSM), any inaccurate
demand forecast will result the bullwhip effect, that causes basically by the inventory pressure and
wasteful management of the resources (Li, et al., 2018).

The bullwhip effect is a deformation of the demand information that is been generated from the
downstream causes to the upstream of the supply chain. The bullwhip effect can be caused by many
reasons, from price wave, delivery cycle and repertory management but the main cause of it is the

demand forecasting. (Li, et al., 2018).
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Compared with the conventional supply chain, the use of digital technologies and electronic
commerce can make the supply chain to gain more flexible solutions to prevent the damaging effect
of the bullwhip on the supply chain by forecasting demands, one of these technologies is Big data
that could improve the preciseness of the demand forecasting along the supply chain.

The unique feature of Big data that can turn the numbers into information is playing a role in

providing a competitive edge for the new businesses. (Li, et al., 2018).

Online retailers can utilize the Big data by generating important data about their customer’s needs
preferences in more detailed, the online retailers can answer some important questions such as what
the product or services could usually buy? How often they make the purchasing online? What is the
way that the customers choose to navigate a retailer’s online store? And how could you react to
promotions and advertisements? In addition to some important could be useful for the marketing and
sales practices such as age, gender, the design of the online retailer website to collect a greater image

of the customer’s pool for retailers (LI, et al., 2018).

Figure 14 below illustrates the involvement of the big data in the e-commerce supply chain, and it
also illustrates the advancement of complicated algorithms to understand the market and provide

better forecasting.

Source (Li, et al., 2018)
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Figure 14 The mechanisms and operation of the electronic commerce supply chain.
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According to (Mishra, et al., 2016), Big data is turning into a powerful instrument that can ensure an
increase in the efficiency of the electronic commerce supply chain. As shown in figures 13 and 14
we can see how the demand chain management is being benefited from exploiting big data in the
chain. (Waller & Fawcett, 2013) Argued that the differences between the normal and big data that is
being used in the e-commerce can be summarized in 4 dimensions, Variety of information that can
provide a clear insights that could be useful for the forecasting, Volume of the information that can
be impressive in term of quality, depth of the information and could provide the organizations
opportunities to explore business intelligences, Velocity that refers to the real-time information and
Sustained and controllably-sourced data that can help in preventing the errors of data collection.
(Waller & Fawcett, 2013).

Most of the organizations are seeking for improving their demand chain management performances,
hence in order to achieve this improvement, it is significant for the collaborating firms in the supply
chain to pay attention to the transformation of the demand information at the final stages of the chain
(Blocher & Chhajed, 2008). Consequently, the nature of big data and the electronic market place can
generate a trustful, real-time, and deep data that can be detailed in order to improve the supply chain
in the addition of the demand chain management by utilizing and generating value from this data
(Ittmann, 2015).

In the addition to the improvement of Supply chain management, using big data also can improve the
risk management in the supply chain (Zage, et al., 2013), as well as the role of the big data in the
advancement of the innovation capabilities in the supply chain through exploiting the deduction graph
technique, since it is necessary to the online retailers websites to start to implement a tailored supply

chain strategies corresponding to their needs and requirements (Tan, et al., 2015).

(Cachon & Fisher, 2000) Highlighted that the most significant key for the successful business
strategies in this era of data is demand-information sharing. For example, (Gavirneni, et al., 1999)
had created a comparison between three various levels of the sharing of information, and the summary
of this comparison was the impact of the information sharing on the capacity and the inventory that
had been impacted by the end item. Furthermore, (Kovtun, et al., 2014) evaluated the value regarding
the sharing of the demand between the different actors in different stages of the supply chain, the
assessment was controlled by some conditions, and he reported that demand sharing is not equivalent

between the supply chain actors in the upstream part of the supply chain.
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Briefly big data with the combination of the analytics tools can help in sharing the information in the

supply chain in an easier, and efficient way (Li, et al., 2018).

As previously-mentioned electronic commerce (E-commerce) enhances the transactions performs on
the conventional internet, meanwhile (Akyuz & Rehan, 2009) launched a new terminology that refers
to the advanced integration of the processes across the supply chain phases which is “e-supply chain
“. E-supple chain indicates to the usage the technologies of industry 4.0 along the whole supply chain
such as big data analytics tools, 10T and RFID technologies which are referred to the uprising
generation of the internet in which the physical objects can be connected through network, and it has
the capability of exchange the data and information along the value chain about the physical objects
and their surroundings (Gubbi, et al., 2013), and as mentioned before this data considered as a fuel

for big data and analytics tools in order to analyse them to obtain a value for the supply chain.

According to (Suning, et al., 2018) the organizations are able to predict the product demands based
on the evaluation and analysis of the customer behaviours in the purchasing processes as well as their
feedback on the products, but for ensuring this the analytic tools must be implemented in the planning
processes. The demand forecasting shapes significant input in the process planning, especially for

implementing the source, make, delivery activities in the supply chain (Huang, et al., 2005).

Demand planning can help the organizations in some processes such as procurement process which
contains, order specifications from quality and quantity, specifications, price selection and delivery
time, consequently, this information can be used for having a better decision making that based on
the analytical tools that support these decisions (Suning, et al., 2018), for example in source
processes, the benefits of using the analytical tools is being shown in the practices of supplier
selection and evaluation, by using an analytic hierarchical process that can facilitate the comparison
between supplier’s previous performances, as well as facilitating the selection process of the suppliers

who can satisfy the customers’ needs (Subramanian & Ramanathan, 2012).

Some researches and academicians such as (Suning, et al., 2018) reported the impact of implementing
analytical tools in the supply chain and its role in the decision making and how it improves the
demand forecasting, besides the benefits of this improvement on the different aspects of the supply
chain respecting the SCOR model to illustrate these benefits. Supply chain operations reference

(SCOR) model is referred to processes reference model that was designed and developed by the
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supply chain council to describe the general business activities that include source, make, deliver,
return and plan activities that it is linked to the customer satisfaction. (APICS, 2017), figure 15 below

illustrates the SCOR model framework.

Source: (APICS, 2017).
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Figure 15 Supply chain operations reference (SCOR) model framework

The implementation of the analytics tools in the SCOR model can ensure some benefits in each
process. By combining the productions plans with the execution in make process, supply chain
analytics provide and the information regarding the possible improvement that could be applied on
the production capacity expansion and providing suggestions about the way of using the existing
limited capacity in order to meet the changing demand (Huo, et al., 2012).In addition to that, analytic
tools can support the producer to modify the production activities according to the production plans,
hence the appropriate mix of the production capabilities will be assigned to the appropriate mix of

the resources at the right time (Sharma & Agrawal, 2012).

Regarding the delivery process, the organizations can implement the analytical tools to find solution
regarding the transportation and distribution problems (Souza, 2014 ), some insights regarding the
planned inventory and the requirements of the distribution of all the goods and channels can be
created from the supply chain analytical tools, and this generated information can help in the decision

making regarding the number, size, and the position of the distribution and warehouses centres
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(Bidhandi, et al., 2009), in the addition to redesigning the channels and routs of the distribution,
vehicles, and the operating stuff (Minis & Tatarakis, 2011).

(RoRmann, et al., 2018) Argued that more accurate demand forecasting is resulting a lower level of
inventory, which was reported in the improvement of the safety stock that already depended on more
accurate information regarding the demand planning. And they added that big data analytics (BDA)
Is expected to achieve a reduction in the information processing requirement (IPR) through achieving
an increase in the accuracy in demand forecasts, consequently a reduction in the need of slack

resources in the inventories (Rolmann, et al., 2018).

In addition to the previously mentioned, BDA leads a limitation in the role of the safety stock due to
the dynamic and adaptive characteristics in the supply chain thanks to BDA (RoBmann, et al., 2018).
Furthermore, BDA applications can help to increase information processing capacity (IPC) resulting
in improvement in the transparency (RofRmann, et al., 2018). Briefly, BDA applications could
increase (IPR) and increase (IPC) at the same time which can lead to a reduction of the uncertainty

of supply chain operations (Romann, et al., 2018).

Another impact that the digital transformation could achieve in the demand side is mass
customizations and customer involvement in the design of the product. Additive manufacturing (AM)
technologies are one of the innovative solutions in the sector of production and fabrication, which

can be considered as a competitive advantage for the organizations.

(ASTM Standard , 2012) Defined the Additive manufacturing (AM) as “the process of joining
materials to make objects from 3D model data, following a layer by layer strategy, unlike the
traditional manufacturing methodologies and the conventional machines”.an alternative terms for
AM that repeatedly used are “rapid manufacturing”, “digital manufacturing”, and “direct
manufacturing” (Holmstrom, et al., 2010; Vinodh, et al., 2009; Hopkinson & Dickens, 2001). The
most diffused examples of the AM technologies are 3D Printing, laminated object modelling, and

electron beam melting.

The launched of the AM technologies was basically for the rapid performing and printing of the
prototypes, that why a terminology “rapid prototyping” is usually used to indicate to Am
technologies. Nevertheless, the last years have witnessed a noticeable growth in utilizing AM

technologies if the production and manufacturing of the final products.
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One of the main benefits of Am technologies is its ability to produce products that can be
characterized by complexity in geometries and lightweight besides the reduction in the cost especially
for the production of low quantities of customized products, higher flexibility in the designs and to
designs change, and lowering the usage of the materials (Berman, 2012; Holmstrom, et al., 2010;
Khajavi, et al., 2014; Walter, et al., 2004).

The employment of Am technologies is achieving a significant impact on the demand — side of the
supply chain, since it provides the capabilities for the customers to have an advantage from the faster
response to the change in their needs, due to the fact that these technologies can provide the
opportunity to the rapid adjustment in the product design by eliminating the object-specific tooling
(Berman, 2012).

Am and its related technology 3DP witnesses an improvement in the production and manufacturing
and is considered as a technology that can support the customization in production (Tuck, et al.,
2008). This customization needs the involvement of the customer in the production processes besides
the customer will have a piece of knowledge about their products and the specifications that he
preferred (Duray, et al., 2000). Furthermore, this engagement of the customer in the production
processes can be performed across the different phases of the fulfilment processes, (Lampel &
Mintzberg, 1996).

3D printing is not just having a significant impact on the production processes, it also has an impact
on the transportation and distribution along the supply chain as it will be mention in the next sections.
But to have an insight into the downstream part of the supply chain, 3D printing can offer the
customer “Tailoring individualized” that basically refers to the customization that the customer can

perform on the product.

Tailor individualized can provide a potential for a shift in the priorities of profit and cost. (Petrick &
Simpson, 2013), as well as to increases the integration level of the customers with the producers
supply chain, resulting an elimination of some deliveries of inbound and outbound and an order lead
time reduction (Oettmeier & Hofmann, 2016), as well as an increase in the customer level and the
flexibility of the supply chain due to the increase in the responsiveness to the changes of the customer
demand (Oettmeier & Hofmann, 2017).
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3.4.3 Digital Transformation in Procurement and Supply Management

In recent years, and due to the global interconnectivity, sharing of data and exchanging the
information in real-time, the organisations are witnessed a remarkable change in their business
strategies and in creating new business models and terms related to their businesses, in addition to
the increased competition in the market due to the new market entries. These factors forced the firms
to pay attention to the innovation to face these challenges and to align their competitiveness with the

newly created term and business models (Downes & Nunes, 2014).

Procurement is considered one of the support activities in the process of value creation (Porter, 1998),
and it is one of the firms’ functions that have been impacted by the digital era. In the manufacturing,
process procurement is placed as a first step and it contains various activity such as supplier selection,
strategic sourcing, and inbound logistics. Hence, procurement and demand management are like the
other functions of value creation that is affected by digital technologies in order to improve the
performance of the whole supply chain.

According to (IBM, 2009; Ross, 2016) the upcoming supply chain includes technologies-based
drivers that are intelligent, interconnected, and instrumented. The first driver is “intelligent”, that is
referred to as simulation supply chain activities and scenarios, this driver is supported by the
technologies of industry 4.0 that could be able to design and create different scenarios before they
happen based on the situation of the future which creates more controllable supply chain that could

provide a possibility to prevent the risk before it happens (IBM, 2009).

The second driver is the “interconnected” that refers to the technologies that can be connected to the
internet and exceed the direct collaboration between the supply chain partners through providing a
real-time market developments, such as pay attention to the customers’ feedback in the social media
and implement a strategy to follow-up activities (IBM, 2009). Interconnectivity is a term that
supported by (Kumar, et al., 2016) that highlight the transformation in the supply chain design
according to the impact of integrative technologies such as “Big Data” and “loT”. Besides the
opportunities to establish a synergy by combining the normal production with customized production
through additive manufacturing.
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The third driver is “instrumented” which is referred to the exchange processes and transactions that
are featured as automated and can be managed by RFID technologies, sensor, and GPS systems in
order to decrease the risk and cost, increase the visibility and reduce the complexity (IBM, 2009).
The automation of the activities will be supported by big data and artificial intelligence “AI” (Zhong,
etal., 2016).

With the raising attention to the digitalization and what it can benefit from visibility and transparency
through the supply chain, pushes the firms to increase the social responsible value chain and align it
with their business strategies and models, in addition to real-time sharing between the supply chain
partners will increase the trust level and improve the buyer-supplier relationship (Hoejmose, et al.,
2013).

According to (Philippart, et al., 2005), including the digital technologies in the sourcing activity, or
as he named it “e-sourcing® is referred to the fact that the conventional souring activities are
supported by which the information regarding the activities can be collected, resulting a “one-to-one”

connection between the supplier and the buyer that implement a better communication.

Regarding this topic, many digital solutions were presented, such as the digital solution of (Schmock,
et al., 2007), that basically is based on the collection of the data and information on digital platform
that can be shared, accessed and processed between the different supply chain partners shifting the
concept of “one-t0-one” communication into “many-to-many” communication in order to share a

real-time information between different parties.

Another example of the application of digital technologies was presented by (Van Weele, 2009), that
presented a stock optimization definition between the buyer and supplier, in order to reduce the prices
levels due to the benefits of the innovation, in addition to the increase in the supply chain intelligence
due to the improved relationship between the buyer and supplier and the other actors in the value

chain.

To gain a competitive advantage from the procurement process, (Hoejmose, et al., 2013) reported
that the trust and transparency are significant key drivers for the future success in the relationship
between the supplier and buyer, in which a win-win state will be granted. These win-win state can
provide an improvement in the strategic partnership between the buyer and the supplier and

consequently and advancement in the capabilities for both firms (Trent, 2007). The integration,
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interconnectivity, and automated supply chain systems can play a significant role in increasing the

trust between the partners in the supply chain, thanks to the digital technologies.

The technologies of 10T and cloud computing are playing a major role in the advancement of the
supply chain, especially their related technologies from RFID, sensors, and networks (Haddud, et
al., 2016), on one hand (Mantey, 2015) highlighted the role of procurement to enhance the
advancement of the shared information to increase the transparency, traceability, and the agility of
the value chain with the increasing information’s amount in order to enable more innovative and
intelligent supply chain, but on the other hand (Barron, et al., 2016) highlighted the risk that can
attach this massive number of information sharing and possible transactions, and he reported the
necessity of creating a cyber-security systems in order to reduce the risk of malevolent.

Another aspect of the impact of the digital transformation on the supply management is their impact
on the supplier selection, Big data can enhance the capabilities of managing the supplier risks since
it provides deep information and details of the supplier performance. (Lamba & Singh, 2017).

It is important to monitor and measure the supplier performances, sourcing markets, and the supply-
side activities to avoid the supplier risks and support in creating a backup plan in cases of emergency
(Lamba & Singh, 2017). Some examples of supplier monitoring, the possibility of the suppliers to
provide very cheap raw materials, but at the same time they provide better quality or more efficient
deliveries (Lamba & Singh, 2017). Such criteria should be evaluated before selecting the supplier
and with the help of the digital technologies a supplier selection models could support this activity
(Lamba & Singh, 2017).

SCA Have the potential to increase the visibility of Supply chain and in addition to the increase in
the collaboration and integration among the supply chain network, by reducing the wastages and
insufficiencies in the chain, such as the increasing of fuel costs, delayed in the deliveries and low

suppliers performances (Barnaghi, et al., 2013).

Regarding the strategic sourcing, (Lamba & Singh, 2017) indicated that using BDA is considered as
a considerable way to look for a better source. Therefore linking the data of the market prices for the
raw materials and what is being considered in the pricing of this raw materials beside macroeconomic

forecast information in one common database, then the capability of BDA can figure out new
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opportunities and can provide the organizations alternative solutions and possible action (Sauter,
2014).

Some analyses were undertaken on this topic and show that BD can improve the sourcing cost directly
between 2% and 5% every year, in addition to the capabilities of BD to ensure faster access to the
information and data in order to better analysis and understanding (Lamba & Singh, 2017). BD can
reduce the working time on ERB systems by 20 — 50% since this time is considered a time that is

consumed in looking for relevant information (Lamba & Singh, 2017).

AM technologies also have an impact on the supply side of the value chain, various researched have
been pointed the impact of the adoption of the AM technologies such as (Berman, 2012; Holmstrom,
et al., 2010; Nyman & Sarlin, 2014). The manufacturing of the limited sizes of the lot could transfer
back to the upper part of the upstream of the vertical in vertical integration thanks to the AM
technologies in the other world, the manufacturing will shift back to the countries with the high- wage
rate, due to the fact that AM technologies will reduce the needed manpower and will reduce the use
of manual labours (Berman, 2012). Furthermore, it can reduce the dependence on outsourcing due to
its ability to separate the design and production stages easily. (Berman, 2012). Also, and according
to (Holmstrom, et al., 2010) Am technologies could make the supply chain simpler, in other word,

AM could lead to the shorter and narrower supply chain.

In the production side, AM technologies can eliminate the sub-assembly operations, then to its
capabilities of producing modified and customized parts, consequently, this will lead to a reduction
in the number of the suppliers and the number of the components, and that could make the sourcing
is limited with supplying the necessary materials for AM technologies instead of sourcing the

subcomponents (Oettmeier & Hofmann, 2017).

3.4.4. Digital Transformation in Production and Manufacturing

Production and manufacturing processes have their chance as well as other activities in the supply
chain, the impact of BDA, AM, industry 4.0, and artificial intelligence has played a role in changing
the production and manufacturing practices. One of the technologies that affected the manufacturing
and production processes is Am and its related technology 3D printing. 3D printing or what some
others prefer to call it additive manufacturing, rapid manufacturing or digital manufacturing refers to
multiple technologies and production activities that provide the chance to the user to design and print
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out tangible objects from three digital dimensional models (Hopkinson, et al., 2006; Lipson &
Kurman, 2013; Gibson, et al., 2015).

3D printing is deferred from the conventional manufacturing processes since it provides the user with
the capability to create highly complex products from a large combination of materials, at the same
time it requires little in the processes of retooling from product to product or even from order to order
(Tuck, et al., 2007; Conner, et al., 2014; Kietzmann, et al., 2015). 3D printing is characterized by
flexibility in production, consequently, it grants a unique level of customization, in other word, it
provides customization to levels that each printed product could be a totally new established product
(Petrick & Simpson, 2013; Conner, et al., 2014).

As a consequence 3D printing has been adopted in the fields where requires to produce small lot sizes
of batches or it needs a high level of customization such as medicine sector (Rengier, et al., 2010),
aerospace industries (PwC, 2013), spare parts and custom-made consumer products (Manyika, et al.,
2013).

In spite of the 3D printing positive impact on the supply chain such as making supply chain more
leaner, responsive and more agile, in addition to the increase of the cost-effectiveness, increase in the
sustainability, and reduction in the waste levels (Hopkinson, et al., 2006; Holmstrom, et al., 2010;
Gebler, et al., 2014; Tuck, et al., 2007), but the 3D is not yet been presented as an alternative
technology that can replace the conventional manufacturing processes, especially in the high volume
productions (PwC, 2016).

3D printing technologies was presented as a potential technology for the manufacturing activities,
due to its impact on the transportation cost (Barz, et al., 2016) in the addition to its impact on the lead
time (Holmstrom, et al., 2010), inventory levels and management (Khajavi, et al., 2014) besides the
flexibility and quality of the production, productivity, and economies of the scales (Petrick &
Simpson, 2013; Baumers, et al., 2016; Sasson & Johnson, 2016).

As previously mentioned on of the impact of the digital technologies is the customer engagement,
this impact takes a place in the demand side due to the high capabilities of the customization to fulfil
the customer requirements (Tuck, et al., 2008). On the other hand, customer engagement has an

impact on production and manufacturing as well. (Ryan, et al., 2017) Has examined the customer
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engagement through using order penetration point (OPP) (Gosling, et al., 2007) which will be
explained in more detail.

Since 3D printing technology has the capabilities to product customization, it needs, in turn, the
customer to be highly involved in the process of customization regarding their preferred products
(Duray, et al., 2000). This engagement of customer can be implemented in different stages of the
processes of fulfilment (Lampel & Mintzberg, 1996), and to connect this concept to supply chain
processes, it is defined with the respect to the order penetration point (OPP) (Ryan, et al., 2017).

Briefly order penetration point is referred to the point where defining the specification of the product
gets frozen (Sharman, 1984). (Gosling, et al., 2007) Highlighted that there are six order penetration
points (OPP) and they associated those points to the supply chain activities according to at which
point the customer will be involved in the supply chain. Figure 16 illustrates the supply chain
structure associated with the various six possible OPPs where the customer can involve in the

customization process.

Source: (Gosling, et al., 2007)
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Figure 16 Supply chain structures
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As shown in Figure 16, all the situations are being covered from shop to stock (STS), where the
customization is taking a place, reaching to final point of the distribution passing by engineering to
order point (ETO) where the full customization is undertaken starting from the design process, and
the production of the product using 3D printing.

In the addition to the customer involvement in the production, another impact of 3D printing has been
reported with 3D printing technologies, which is the localisation and relocation of the manufacturing
and production plants (Rogers, et al., 2016). 3D printing presented different degrees of geographic
distribution for production, and these degrees differ in term of time of implementing since future
expectation reported that there is an ability for the customer in the future to print the desired products
in their homes, producing the one-off product when needed ( The Economist, 2011). Another
expectation of the potential use of 3D printing in the future in a larger scale production environment,

such as operating at a national scale (Eyers, 2015).

3D printing can be exploited in the redistributed manufacturing or at the local level, since the
application of 3D printing on the local level has gained the attention, due to its impact on the re-

shoring of manufacturing (Moser, 2011).

In the production field, the issue about the centralised and decentralised production is usually related
to the geographical coverage that is provided by each node (Storper & Harrison, 1991). 3D printing
provides the chance to impact the manufacturing location by relocation of the manufacturing and
decentralisation of the production activities which can result an increase in the time-to-market
responsiveness, in addition, to increase of the agility in the supply chain but this is limited for the
small lot sizes and low volumes and require high customization and specification levels (Garrett,
2014).

According to (Reddy, et al., 2016), industry 4.0 has achieved significant transformation in the supply
chain, and they reported that the main part of the shift in the supply chain is the transformation of the
industry, which is referred to the transformation in the production. This transformation in the
production involves 3 phases of transformation i.e. transformation of the systems of the productions,

transformation of the processes, and finally the transformation of the product (Reddy, et al., 2016).
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Source: (Reddy, et al., 2016).
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Figure 17 Supply chain wide transformation and production transformation

Regarding the production systems, it can be defined as the place where the goods are produced after
passing by various processes to have the desired output (Reddy, et al., 2016). In the present day, the
transformation is considering more aspects than it used to be in traditional production activities such
as pollution, safety, and the environment. (Reddy, et al., 2016). Currently, three elements are being
considered in the transformation of the production systems; machine architecture and technology,
man and machine interaction, system layout and architecture (Reddy, et al., 2016). Figure 18 below

shows the main elements regarding the transformation of the production system.

Source: (Reddy, et al., 2016)
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Figure 18 Transformation of Production system
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In Machine architecture and technologies, the transformation is taking a place in the ability of the
data acquisition and the integration of the processes to make it easier and faster, and this process is
driven by the ability of the machine to be connected with the new technologies. (Reddy, et al., 2016).
Meanwhile, industry 4.0 provides the capabilities for the system architecture to make one production
system as multiple production systems by managing the materials and machine handling systems,

resulting a reduction in the number of machines of similar function (Reddy, et al., 2016).

The second phase of digital transformation in the production is the transformation of the process,
which is defined as the sequential procedures that the products follow to be produced (Reddy, et al.,
2016). The transformation is being undertaken with the help of industry 4.0 by implementing
integrated systems that have the ability to communicate and collaborate with the systems in order to
gain a smart process, furthermore, the transformation is implementing in 3 aspects in order to make
the process smarter, first the environmental regulations that is referred to make the environment free
and supporting the transformation, second the processes improvement, and finally adding the
appropriate technology to implement the smart process and which technology should be transformed
(Reddy, et al., 2016). Figure 19 is showing the transformation of the process’s aspects.

Source (Reddy, et al., 2016).
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Figure 19 Process transformation.
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The final phase of the transformation of the production is the transformation of the product, which
can be defined as the shift of the traditional product into a smarter products, which means to create a
communication between the product and the systems through gathering the information regarding the
process for the after production investigations (Reddy, et al., 2016).

The main elements of the transformation of the products is shifting the features of the technologies
used in the production, materials transformation that is being used in the production, in other word
transformation of quantity, quality, time and the place of the materials, and finally the information
transformation (Reddy, et al., 2016). Figure 20 shows the transformation of the products and their
related elements.

Source: (Reddy, et al., 2016)
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Figure 20 Product transformations and its elements

(Reddy, et al., 2016) Summarized the difference between the conventional activities of the production
and the processes after implementing industry 4.0 technologies. Table 9 below reports the differences

between the traditional practices an industry 4.0 practices in the production activities.
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Source: (Reddy, et al., 2016)

Element Traditional Industry 4.0
Resources Limited Resources. This 15 a fixed line and | Multiple Resources. To produce multiple
mass production. The resources needed | types of products with small lot sizes.

should be estimated.

Multiple types of resources should available
in the system.

Material Handling

Fixed Matenial Handling This 15 a fized
handling system only the movement of
material 15 done in fixed unless manually
routed.

Dynamic Handling. The material handling
system movement can be changed for
different products.

Connectivity or
Interaction

No Interaction. The machines are not
connected and they don’t have any type of
interaction.

Integrated Connection. The systems are
connected each other and the communication
between machines are possible.

Data Management

Limited Data Management. The data is
managed only at some particularly at some
levels of the system 1e. high level
management of the mdustry.

Full Data Control The data 1s fully managed
at indwidual departments and also total
system. The supply chan wide data 1is
managed by cloud storage.

Product

Single Product. Only particular (single)

product 15 produced and in mass production.

Multiple Products. Multiple types of products
are produced on the same line of production.

Decision Making

Manual Decision Making. The decision
making 1s manual at all the levels of the
system.

Automatic Deciston Making The decision
making process 15 carmied out by the system at
all stages of production and manual
mvolvement is less. The decisions are
accurate.

Table 9 Comparison of technical features of industrial formation

Finally (Reddy, et al., 2016) reported the main benefits and positive outcomes of the digital

transformation in the production and industrial practices as flexibility in the production, increase the

speed of the productivity, in addition to the integrative process that can provide transparency and the

benefits of these transformations on the sustainability and the environment. Table 10 below illustrates

the benefits and positive outcomes as reported by (Reddy, et al., 2016).
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Source: (Reddy, et al., 2016)

8. No COutcomes Benefit
1 Flezbility As thiz 15 a flesable systern different types of products can be
produced at the same time.
2 Productity Az the system 15 flemible the productivity will be mote it leads

to fast production,

3 Eesource and Energy Efficiencies | This system 15 efficient the resources used by thiz system wall
be low ve. less wastage and it can save energy.

4 Transparency Az this  system 15 mtegrated and imteligent system it
automatically  identifies the problems and  alse  gives  the
solution.

3 Integration By mtegration of the systems the tune delay will be decreased
and the production rate wall increase.

6 Profitability Az these systetns are femble, productive, transparent the profit
will be increased.

7 Enwironmental Friendly These systems are bulding enwvironmental friendly as they are
pollution  free  systems. These systems didn’t exhaust any
pollutant.

Table 10 Beneficial outcomes of industrial transformation

3.4.5. Digital Transformation in Logistics Management and Transportation

Logistics management is considered to be the major part of the operations and supply chain
management since it consists of the activities of the Inbound transportation, warehousing, inventory

management, packaging, good handling, and outbound transportation (Stroh, 2002).

According to ( Armstrong & Associates, 2014) reported that the expenses of the united states alone
in the logistics sector are 1.4 trillion dollars, reporting that the countries are spending a lot on the
logistics practices and operations. So, a small reduction in the logistics cost will make an effective

profit for the stakeholders.

Supply chain management includes an activity of linking between different logistics chain partners,
to achieve integration in the processes and coordination between these partners (Christopher, 2016).
The establishment of an End-To-End integration of the various partners in the supply chain could

create a possibility to obtain an increase in the value received to the customers, in addition to a
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reduction in the overall cost instead of creating an optimization of the smaller networks in the supply
chain. (Strandhagen, et al., 2017).

The logistics sector is also get affected by the spread of industry 4.0 technologies since it provides
various opportunities for the implementation of big data. There are many sources for the data in the
logistics field such as RFID technologies, GPS, social networks, mobile, pallets, cases and carriers
that have RF tags and EDI transactions (Swaminathan, 2012).

(Frehe, et al., 2014) reported that impact of big data in the activities of the logistics, and they found
that most of the logistics activities are using big data technologies in their processes especially in the
optimizing routes and fuel management, and flow of the packages and they added that the use of big

data still in the nascent phase.

Logistics applications of big data are usually helping in optimizing the inventory levels, further, it
can support the decision making in defining the location of the optimal distribution centres and the
routes of supply and can reduce the transportation cost (Sanders, 2016). Furthermore, one of the
significant utilized application is used in transportation and routing. GPS also can support with the

help of big data in the optimization of transportation (Mayer-Schonberge & Cukier, 2013).

Moreover, BDA applications have the capability to increase productivity through fuel efficiency
optimization, preventive repair, and maintenance, in addition to vehicle routing. BDA capabilities
can be effective in the events disruptive tracking, for example, the routes of distribution and the
weather forecasting can be optimized in real-time. (Sanders, 2016). As a real example of using BDA
in route optimization is UPS, that initiated to collect data and information 2 decades ago in order to
find the most efficient route for its delivery, by using an analytic tools called ORION (on-road
integrated optimization and navigation) (Siegried, 2014), another application of BDA in
transportation, that it can support providing information regarding transportation route segmentation
taking into consideration the transit factor of the various products type (Mayer-Schénberger and
Cukier, , n.d.).

According to (Deloitte and MHI., 2014) the application of big data analytics in the supply chain can
support gathering data from external and internal sources, that could help in providing
comprehensive insights that can help the supply chain in cost and risk reduction, meanwhile

improving the agility of the operations and processes in the addition to the service quality.
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SCA Have the potential to increase the visibility of Supply chain and in addition to the increase in
the collaboration and integration among the supply chain network, by reducing the wastages and
insufficiencies in the chain, such as the increasing of fuel costs, delayed in the deliveries and low
suppliers performances (Barnaghi, et al., 2013). The term SCA refers to the adopting of analytical
tools, to improve the performance of the Supply chain and to support the decision-making processes
(Chae, et al., 2014; Davenport & O’Dwyer, 2011; O’Dwyer & Renner, 2011).

RFID technologies have also an impact on logistics activities, since it has an impact from this
technology in the inventory management, where RFID technology is utilized in the tracking and
tracing activities of the products through tracking the products in motion, extracting data of location,
quantity and the status of the products besides monitoring the security. (Sanders, 2016). The cold
chain has really a positive impact through using the RFID, and sensors to control and monitor the
ambient temperature and transit duration. This is also useful for tracking the perishable products
where the analytic capabilities are optimizing the quantity of the order in the addition to service level
(Sanders, 2016).

In 2013 DHL reported that Big data has the ability to improve the efficiency of the logistics operations
and customer experiences, as well as, to its ability to build an effective business model (Jeske, et al.,
2013). on the other hand, 10T technologies are playing a significant role in the logistics operations
practices due to the increased number of the physical objects that are somehow connected to this
technologies in several ways, such as; connecting to RFID tags and sensors or holding bar codes,
increasing the ability of tracking, tracing and generating real-time accurate data along the supply
chain processes (Atzori, et al., 2010; Da, et al., 2014; Razzaqg-Malik, et al., 2017; Swaminathan,
2012) . However, RFID tags are proving day by day its effectiveness in reducing inventory shrinkages

and avoiding the stock-out and excess stock and overall, the data accuracy. (Wu, et al., 2016).

The best example of the application of the RFID in the logistics processes and its positive impact in
the area of agricultural food. Recently, food was a source of many diseases such as bird flu,
Streptococcus Suis infection, mad cow disease, and many other diseases. Consequently, the food
safety has increased the global attention, currently, the European Union, United States, and other
countries in the west have been created legislation in order to apply a system regarding the

agricultural and food safety (C Amardeo, 2009).
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Because of the facts mentioned above, a need for creating a system to control and monitor the whole
activities and procedures of the agricultural produces has been raised and this need was considered
as an important need. (Sachan, et al., 2005). RFID tags have been attached to the agricultural goods
that being stored in the EPC code - which is considered as an identify card of the product -, in order
to provide traceability and tracking information in real-time, about the agricultural products along
the whole process of the circulation (Bernardi, et al., 2007). Another impact of using the digital
technologies in the logistics activity is the using of the RFID in the food industry and perishable
products where it can help to avoid unnecessary wastage (Grunow & Piramuthu, 2013).

Additive manufacturing is also implementing an impact on the logistics practices, according to its
ability to reduce the inventory levels located in the distribution centres in case of keeping a centralized
AM production plant (Bogers, et al., 2016), this ability can enhance the organizations to reduce the
inventory levels and increase the delayed differentiation while letting the organization to align the

supply with the demand in a better way (Bogers, et al., 2016).

3D printing can make the production to occur on demand, and at the consumption point, however,
AM technologies in the term of inventory and transportation, 3D printing can reduce the use of the
physical products by relocating the production plants closer to the customer, which could achieve a
rationalization in warehousing and transportation activities (Manners-Bell & Lyon, 2012).

Furthermore, (Nyman & Sarlin, 2014) reported that there is a possibility to replace the movement of
the physical materials across the supply chain by sending digital and electronic files to the printer.
Physical inventory will be substituted by digital inventory containing 3D model files of the whole
product portfolio for the complex products, resulting a reduction in the total number of the SKUs and

stored parts.

Briefly, AM can achieve a reduction in the inventory levels in addition to the warehousing and
transportation cost if the manufacturing plants are located in a regional scale to decrease the supply
chain tail (Pannett, 2014).
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3.4.6. Digital Transformation in Supply Chain Sustainability

Sustainability as a concept was originally refers to the forestry, inspired from the say “never harvest
more than the forest can yield “, after that in 1987, in (Brundtland, 1987), different concepts related
to sustainability have emerged, starting from the survival of human across the world (Brown & et,
1987 ) passing by the resources consumption (Mieg, 2012), to the effect of the human practices on
the environment (Hansmann, et al., 2012).

Sustainability is a concept that based on 3 pillars; Economic, Social and environmental pillar (Mieg,
2012), but some authors prefer to name it the triple bottom line (TBL) which is a concept that had
been launched by John Elkington (Carter & Rogers, 2008). For the organizations, adopting these

three terms in their business can make it a sustainable business.

Business organizations aim is to gain profits from their business for long-term sustainably. With the
globalization practices and the widespread of the new technologies that enhance the communications,
in addition to the development of social media, the competition level reaches to a level that never
reached before. In spite of this competitive environment of business, paying attention to the profit
and the economic aspect of the organization is not enough for being a sustainable business, the social
and environmental aspects should also be considered as goals of the organizations (Elkington, 1994).

With the introduction of industry 4.0, the communication is significantly improved, and this led to
improve the awareness about sustainability, particularly social sustainability, resulting in
improvement among the production firms (Wu & Pagell, 2011). Consequently, several firms initiated
publishing their social activities and their corporate social responsibility report, which shows the

social aspect of the firm and how the company taking social issues seriously.

As a live example of an Industry that gets affected by industry 4.0 regarding the social and
environmental aspects of sustainability, which is the Automobile industry. The automobile industry
is one of the accelerated fast-growing industry in India, characterized by large-scale employment
(Chandra Shukla, et al., 2009). Automobile industry creates high levels of carbon footprint along with
the whole supply chain processes and product life-cycle, starting from production, distribution,
reaching to the use by the final customer, hence, the impact of the economic, social and environmental

is particularly complex (Luthra, et al., 2016).
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Since the supply chain of the automobile industry is very complex, the significant challenge of this
industry is the visibility across the entire chain, plus cost, risk management, globalization and the
highly increasing demands of the customers, hence, the visibility and the share of the information
across this complex chain is considered as significant challenge (Wu & Pagell, 2011) .

BDA and its revolutionary role can provide such a solution for this complexity taking into the
consideration the three aspects of the sustainability, hence, the role of BDA in its capability regarding
the sustainability faces increased attention for the firms of the automobile industry (Bughin, et al.,
2010).

The effects of the carbon emissions generated from the production, logistics, transportation and the
other activity of the supply chain are clearly obvious and can be visible in term of global warming
which melts the layers of ice causing an increase in the sea levels. The focus of the environmental
aspect of the forms is to reduce the carbon footprint, which can be implemented which launching of
some sustainable programs like reuse, recycle and reduce and reuse with the help of the BDA and
Industry 4.0 technologies (Jeble, et al., 2018), in the addition to increase of the customer attention to
the sustainability impact, (Trudel & Cotte, 2009), and the effect of this in their purchasing decision,
that led the organizations to indicate the product’s impact on the environment by carbon-labelling
(Svensson & Wagner, 2015).

The Big Data technologies presented by the social media (Facebook, Twitter, etc...) helps in creating
a notably increased level of the awareness about employment conditions, wages, safety, equity and
the conditions of living between their users (Lindsey, et al., 2013). This is making the organizations
aware of the importance of the social and environmental responsibilities, and how this can influence
their performance, consequently, the sustainable manufacturing and the sourcing activates regarding
the social responsibility are improving, so the organization are tending to improve the working
conditions, increasing the living standards for the society, eliminate the waste and exploiting the

resources efficiently (Mani, et al., 2015)

The raised attention of the organisations in the digital transformation of the visibility within the
supply chain impose them to increase their attention to the responsible social practices in their supply

chain in parallel to their business strategies and models, furthermore, the exchange of real-time access
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to the data will increase the level of trust in the supply chain, and improve the buyer-supplier

relationship (Hoejmose, et al., 2013).

Several firms initiated publishing their social activities and their corporate social responsibility
report, which it shows the social aspect of the firm and how the company taking the social issues
seriously, stakeholder and customers now are expecting the organizations to behave in more
responsible way toward the profitability, environment, and the ethical behaviours (Ashby, 2012).
(Song, et al., 2017) Highlighted that BDPA has sufficient capability to improve sustainability in the

term of social activates.

As previously mentioned, Social media has an impact on the practices of the firms, this fact encourage
the idea that the consumers are becoming very powerful in the era of the big data, since they will
have the ability of gathering through using the social media in order to voice out their comments,
feedback and complaints, thus, they could have the ability to boycott any brand or product if they
dislike (Choi, 2018), on the other hand, the consumers can share a positive feedback and comments
about the organizations, for example, if the supply chain can generate the necessary information to
make the customers realize the positive practices of the organizations and products (Choi, 2018).
(Katz & Bradley., 2013) Reported the impact of social pressure from various actors, stakeholders and

institutions on the organization, in order to build more sustainable solutions.

Industry 4.0 provides enormous opportunities for recognizing of the sustainability in the productions
and its ability to implement coordination of the material, energy and products across the whole life-
cycle of the products from sustainable building of the processes and resources efficiency, developed
productivity of the manpower thanks to the capability of the internet of things and the application of
the green lea-agile business models (Stock & Seliger, 2016 ). Furthermore, BDA and its predictive
capabilities can help in creating models to predict sustainability performances (Shin, et al., 2014).

The developed business models that based on the industry 4.0 technologies, enable the organizations
to implement more sustainable (social and environmental) trend at a larger scale, which can make the
organizations perform in a more responsible way toward the health and safety of the employees,
customers, society and the environment (Strandhagen, et al., 2017).
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(Strandhagen, et al., 2017) Summarized the impact of the industry 4.0 on the sustainability of the
supply chain as shown below in table 11 that shows the impact on the social, environmental, and
economic aspects.

Source: (Strandhagen, et al., 2017)

Social

Environmental

Economical

Collaborative consumption
Peer-to-peer sharing schemes
Focus on consumer use of
products

Increased stewardship role,
awareness towards health and
well-being of stakeholders
‘choice editing’: removal of poor
products from shelves

Increased accountability towards
reduced production and
consumption

Encouragement of sufficiency
(reduced premature disposal of
products)

Increase in material productivity,
resource efficiency and waste
reduction

Reduced impact of industry by
reduction in demand for energy
and resources (less emissions,
reduced waste)

‘Choice editing’: eliminating
less healthy and environmentally

damaging products. For example:

optimum use of wood and
chemicals

Usage of environmental friendly
material and production
processes

In frugal markets, redesigning of
products eliminating complex
functionality and cosmetics,
ultimately reducing material and
energy consumption.

Value creation from wastes by
turning waste into mput for
production process

Value of under-utilized assets
can be recaptured through shared
ownership

Increased opportunities in
secondary markets

Enhanced product life and
durability, leads to higher
second-hand value

Increased opportunities to cater
to “frugal markets” in poor
countries

Table 11 Impact on sustainability

3D printing technologies also have an impact on the supply chain sustainability (Ford & Despeisse,
2016), since it has better abilities in term of resources efficiency compared to the traditional
production methods (Campbell, et al., 2011), and this enhanced some researcher to highlight that the
fast success of 3D printing will start the shift in the view of natural resources with material savings,
along the production process, in the addition to the ability of well-use the recycled materials during
the printing processes (Wigan, 2014). Also, it can produce the products with less waste, leading to
greener, and more sustainable production in the addition to enhancing the utilization of recycled
materials (Janssen, et al., 2014), and reduce the excess inventories and overproduction due to

postponement and late-stage customization (Mohr & Khan, 2015).
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3.5. Key Motivations that Drive the Digital Transformation

As the findings of the digital transformation on different supply chain part were presented in the
previous section, in this section the critical drivers that enhance the transformation and what are the

factor that enables the successful transition will be presented in this section.

Data and information are very significant driver that affect the decision making processes of the
organizations, since this processes can be on the operational, tactical, and strategic level (Rai, et al.,
2006), nevertheless, the data and information’s amount that available to the firms, generated by the
firms and collected through companies are facing a massive accelerated growing at a rapid pace
(McAfee & and Brynjolfsson, 2012). This accelerated growing of the data and information amount
has created a challenge for the firms in defining and extracting the most relevant data needed to be

analysed for managing the supply chain and business activities.

The concept of big data analytics is formed, for this reason, resulting the new introduction of several
opportunities in the extracting and exploiting of these large sets of data (Gupta, et al., 2012). As
mentioned before BDA is referred to the application of developed mathematical and statistical
practices to any type of saved electronic communication such as messages, images posted on the
social media, data from sensors and RFID, in the addition of the GPS signals, etc. (McAfee & and
Brynjolfsson, 2012). This technology can enable the potential for launching a management revolution
(McAfee & and Brynjolfsson, 2012), furthermore, it can be a significant factor for capturing a

business value (Fosso-Wamba, et al., 2017).

Due to the global interconnectivity, sharing of data and exchanging the information in real-time, the
organisations are witnessed a remarkable change in their business strategies and in creating new
business models and terms related to their businesses, in addition to the increased competition in the
market due to the new market entries. These factors forced the firms to pay attention to the innovation
in order to face these challenges and to align their competitiveness with the newly created term and

business models (Downes & Nunes, 2014).

There are two critical motivations that could enhance the organizations for shifting toward digital
technologies, the first one is the external pressure, which is related to all forces and factors that form

the external environment of the firms such as the increase of competition, government regulations
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and legislation, the changing in the customer preferences and the tendency for volatile customize
requirements, in the addition to changing in the business fields and the advancement of the

technologies and finally the organizational adoption (Oettmeier & Hofmann, 2017; Carr, et al., 1996).

The second motivation is the perceived outside support, which is related to the support of some actors
such as vendors or consultants in the transformations practices which can be achieved by providing
information about the new technologies such as cost efficiency and benefits , the training for the
employees, providing the necessary support during the application and implementation of the new

technologies and during the operations (Cragg & King, 1993; Yap, et al., 1992).

The availability of the massive amount of the information about the markets and their customers
encourages the company to use this valuable resource to create a competitive advantage and
encourage their position of being intermediary between the production and the customer by adopting

the new technologies such as BD (Zhan, et al., 2016)

The fast accelerated progress and the development that is occurring worldwide, the life-cycle of the
industrial time is becoming shorter, consequently a need is raised for the firms to increase their effort
in finding more innovative solutions and new strategies for their supply chain in order to compete in

the increasingly competitive markets and achieve competitive advantage (Schrauf & Berttram, 2016).

Recently, The volatility and complexity are significantly increased to very high levels, which leads
to an increase in the dynamics of the business environment (Christopher & Holweg, 2017),
consequently, the supply chain should be responsive and aligned change of the customer preferences
in order to keep a sustainable and individual goods and logistics services (Akinc & Meredith, 2015;
Dubey, et al., 2017) .

The dynamics and complexity in the business environment witnesses a significant increase lately,
due to the change in the customer preference, new disruptive an innovative technology and the

continuous increase of the digital transformation (Christopher & Holweg, 2017).

Adopting digital technologies such as analytical techniques are being exploited more widespread
these days, due to the factor such as the necessity for more rapid and better decisions. The massive
amount of the data that is possible to be collected by the firm across the entire chain, plus the
reduction in the cost of data storage, in the addition to the advancement of the computing capabilities
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and tools are playing a key role in the diffusion of the digital technologies across the chain (Khan,
2013).

(OECD, 2017) Reported that the cost of the robots that are being used in the industrial activates are
significantly decreasing, on the other hand, the adoption of these robots is being increased. Inspire of
the decreasing cost of the robots, the quality and the functionality are increasing as well. However,
RFID and IoT technologies witnesses a significant decrease as well in the term of cost, consequently,
some firms started to implement tagging RFID in their products such as high-priced clothes. (Tu,
2018).

(Wu, et al., 2006) Highlighted that the use of the new technologies must take into consideration many
factors; the capabilities of the technology, the standard, cost the implementation, infrastructure of the
supply chain and the return on the investment. Hence in the adoption of the industry 4.0 technologies
such as 10T, the organization should take into consideration many factors such as technology,
technology transformation, and compatibility, particularly in the application of the ultra-high

frequency technologies (Tu, 2018).

The reduction in the cost of RFID devices is making these technologies to be used widely, for
example, the labour-intensive factories such as those who is operating in the clothing, footwear
sector, they already have started recently implementing the RFID devices on their production, in
order to monitor the production due to the reduction in the cost of installing these new technologies
and economically feasible, in spite of their low profit and low automation features, nevertheless these
technologies have been proven by different industrial application (Guo, et al., 2015; Wong & Guo,
2014).

3.6. Challenges and Barriers in Adopting Digital Technologies

After mentioning the Drivers that facilitate and enable the Digital transformation, in this section, the
challenges and the barriers of adopting the digital technologies will be reported as the final section
of the findings of this research. Adopting the digital technologies and industry capabilities, is
becoming significant for the organizations, with the growth of the competition in the business

environments and the add value that the transformation could achieve, investing in the digital
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transformation becomes one of the top priorities for the organizations, on the other hand, it becomes

one of the majors challenge due to the lack in the comprehensive strategies.

(Kache & Seuring, 2017) Reported the main challenges of adopting BDA technologies, and he
summarized these challenges regarding the capabilities and infrastructure of IT, business strategies,

HR and talent management, cybersecurity.

IT infrastructure and capacities referred to the lack of IT capability that could be relevant and efficient
for the organizations, since its objective is to analysis and procuress the information and utilize the
massive amount of data for the benefit of the organization, this challenge is considered as the most
critical challenge by the experts (Kache & Seuring, 2017). The challenge of the IT infrastructures
differs from the IT capabilities, since the IT infrastructure is tied to the cycles of the finance, in
another word, any update or replace will have some difficulties and continuous funding for the
adopting of the technology can be considered as a challenge, meanwhile the IT capabilities are related
to the recruitment of the IT need for the corporation (Kache & Seuring, 2017).

The objective and business strategies challenges are related to defining a clear objective of the
employment of the technologies, in the addition to an understanding of these technologies and what
the benefits can come to the corporate from this transformation, especially the big data concept, since

the good understanding of the technology can solve this issue (Kache & Seuring, 2017).

Skills, HR, and Talent management are also considered as a challenge for digital transformation since
it is generated from the lack of the enough IT skills, manpower and scientists that can ensure a
successful transformation (Kache & Seuring, 2017). In this regard (Davenport, et al., 2012) argued
that the analysis and finding of data patterns need data scientists, consequently, the organizations
require to seek the talents, qualified and specialized manpower in Big Data and the new technologies
who can ensure a successful implantation of these technologies (Kache & Seuring, 2017). Data
scientists need to have a combination between mathematical, statistical and analytical skills and the
knowledge in the field and area of work which is considered to be hard to find this combination,
(Waller & Fawcett, 2013). Furthermore, (Richey, et al., 2016) reported that lack of skills and
expertise is a serious concern in the supply chain domain.

Another issue that can consider as a challenge is the cyber and information security since the

organizations are sharing and acquire a huge amount of information and confidential data, sensitive
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information, about the customers in the addition to the shared information between the partners in
the supply chain. The security of this information requires special consideration generating from the
fear of the leaked data and losing control over the ownership of these data. Furthermore, this issue is
considered to be a worry from the customer point of view (Kache & Seuring, 2017).

Big Data acquisition can generate many issues and concerns such as security, privacy, misuse of Big
Data and the use of Big data unethically, in the addition to the processing of the information
ineffectively (Hu, et al., 2014). According to several supply chain professionals, the privacy and data
security are becoming a concern and they added that the outdated regulations are considered to be
the main obstacle in the sharing information activity in the supply chain, particularly, the consumer’s
information (Richey, et al., 2016).

(Alfaro, et al., 2015) Highlighted that security, privacy and data regulations and laws can generate a
significant concern, especially for the multi-national supply chains, and the different actors are
committed to following the regulations of different countries regarding the information sharing across
the supply chain.

The security is considered very important concern regarding the area of procurement and supply
chain management, particularly with the increased number of the information data flow and
automated transaction across the supply chain (Stephens & Valverde, 2013). The cybersecurity across
the supply chain is highly important and can have the potential for possible risks across the chain
practically malevolent attach risks (Barron, et al., 2016). Nevertheless, it is necessary to invest in the
development of the security as well across the supply chain and include all the supply chain partners
in order to find common solutions and application to protect the data and information across the chain

against the external violence (Johnson, 2013).

As previously mentioned, digital technologies are enhancing the interconnectivity and automation in
the processes and practices of the supply chain, hence a new challenge can be raised regarding this
interconnectivity which is the “trust”. Trust between the partners in the supply chain plays a
significant role across the supply chain ecosystems, especially regarding the buyer-supplier
relationship, since it is considered as an important driver that based on the external factors and the
interaction between the buyer and the supplier (Keith, et al., 2016). The trust needs to be built

mutually between the different actors which can create a new challenge for the firms regarding their
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activities and behaviours, consequently, it needs to have shift and changes in the organization’s
culture (Harshak, et al., 2013).

The behavioural aspect of the organization could be considered a challenge as well, due to the use of
real-time information. The availability of this real-time data can make the decision-makers to react
to the very small details of information and to any small change in the physical flow that could lead
to increase in the risk of the supply chain and the inventory cost due to bullwhip effect (Tachizawa,
etal., 2015).

Another challenge that could be added to the list of challenges in adopting digital technologies is
“Time-consuming”. The implementation of Big Data and the analytics application along the supply
chain is considered to be time-consuming since it contains different stages for implantations, such as
developing, testing and start the applications (Blackburn, et al., 2015). Implementing the BDA in the
complex ecosystems such as supply chain require supports from different actors of the supply chain
and inside the organizations such as top management and other stakeholders, in the addition to the
necessity of bringing experts from different functions, but it could be challenging as well due to the

different mindset of the actors (Arunachalam, et al., 2018).

Another issue that could be considered as a challenge for adopting BDA across the supply chain and
in the organizations is the uncertainty of the expected benefits of the implementation on the
investment of the organizations, in another word the return on invest (ROI), benefits and ambiguity
on ROI of applying these technologies is not clear which can make the stakeholders worried about
implementing these technologies (Richey, et al., 2016). What makes this issue more challenging is
gaining financial benefits from applying BDA since it relies on the downstream manpower and

employees who perform this mission (Davenport, et al., 2001).

Technical issues of implementing digital technologies are considered as challenges as well, these
technical issues regarding BDA can be summarized in data scalability and data quality. For the
Scalability of data, (Richey, et al., 2016) highlighted that the scalability of the data is the primary
technical concern in the BDA implementation since the companies have to refuse their data after a
period in order to create a space and storage for the newly generated data.

Another concern regarding the technical issue of implementing BDA is the quality of the data. Supply

chain decision-makers are depending on a huge amount of data for many decisions regarding the
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supply chain (Hazen, et al., 2014), nevertheless, generating poor data quality could prevent the
analytic tools from functioning well, which will affect the decisions of the managers (Hazen, et al.,
2014). Since the data has intangible features, hence, evaluating data quality can be considered as a
multidimensional issue (Hazen, et al., 2014).

Besides all the above challenges RFID technologies also have challenges in the implementation, such
the complexity in the real-time synchronization of the main database with the plants’ database, which
could lead to additional cost for repairing, setting up and development (Guo, et al., 2015).
Furthermore, RFID systems have the ability of only track and monitor the production in the
manufacturing plants, and it would be difficult to monitor the products before the production
activities, such as out-sourcing and supply of the material (Guo, et al., 2015).

(Guo, et al., 2015) argued that the resistance of the employees to the new technology could also be
recognized as the biggest challenge during implementation of the RFID systems, especially in the
industries where the wages of the operators and employees depends on the number of pieces, since
the RIFD systems need the operator to scan the products to collect the real-time data, and this
scanning activates will make the productivity of the operator less than the routine works’
productivity, resulting a resistance to use the new technologies. An example of this industry is the
clothing and footwear production (Guo, et al., 2015).

Am technologies require an installation that includes high costs of materials and machines, with few
options of printing materials, colours, and the finishing of the surfaces (Berman, 2012). In addition,
there are senses of uncertainty and insecurity about deploying the Am technologies in the production
systems, these insecurity and uncertainty need more effort to be achieved about, where, how and why
to implement this technology, in order to enhance the comprehensive understanding about the drivers

that impacting the implementation (Oettmeier & Hofmann, 2016).

As previously mentioned, AM technologies has the potential to change the decoupling point between
the producer and the customer, but this activity is not that simple, since it has some legal implications
based on whether the organization will keep the control on the original files and designs or the source
code (Bogers, et al., 2016).

There are some possible concerns in implementing Am technologies about the parallel industry in

3D scanning. Meaning that it could be possible in the future to transform the physical products to
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digital designs and files, which will be consider a problem if the files and designs are being shared
on the internet and will create issues regarding the intellectual property (IP) implications (Bogers, et
al., 2016; Bradshaw, et al., 2010).

The concerns regarding the legal aspect will not stop and will continue to be a significant argument
related to 3D printing technologies (Dante, 2014; Schildhorn, 2014), but the argument didn’t stop
here, due to some researchers AM technologies can also be involved in the production of the harmful
objects, such as guns and weapons, as well as bypassing the legal check created in the conventional
supply chain (Schildhorn, 2014). So, it is suitable to define some rules regarding the use of AM

technologies.
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4. Discussion

After the comprehensive reported findings of the Digital Transformation in planning, integration,
demand management, supply management, procurement, logistics management, transportation and
sustainability, in the addition to the findings regarding the motivations that drive the digital
transformation and challenges of adopting digital transformation in the supply chain in the previous
chapter, several observations have been noticed. As the main part of this research, The Purpose is to
investigate motivations that drive the digital transformation, the transformation actions triggered by

specific motivations, and the expected benefits that are generated by transformation action.

In order to address the motivations, action, and the benefits of adopting digital transformation, three
research questions were addressed, and the answers were aggregated from the finding of this research,
motivations, actions, and the expected benefits. Furthermore, a link between these stages is analyzed

and created in order to illustrate the relationship between the motivations, actions and the benefits.

As mentioned previously, the first research question is investigating the motivations that drives the
digital transformation in the supply chain practices, the second question is regarding the
transformation actions triggered by these motivations and finally, the expected benefits that are

resulted from these actions.

Briefly, the purpose of the study was to state what motivations in a digitalized supply chain that lead
to certain transformation actions and what are the transformation actions that could lead to a certain
benefit. Additionally, the aim was to develop a conceptual framework for evaluation of the
motivations of the adoption of the digital transformation, the actions resulted from these motivations

and the benefits generated from these actions.

As mentioned before the main research questions of this research were defined as:

“What are the motivations that drive the digital transformation of the supply chain?”
“What are the transformation actions triggered by specific motivations?”

"What are the expected benefits that are generated by transformation actions?”
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4.1. Motivations that Drive the Digital Transformation of the SC

As it is noticed from the findings of the research, the motivations, transformation actions, and benefits
are comprehensive, in other word, they occur along with the supply chain processes since they are
considerably linked to each other. However, in order to facilitate the addressing of the motivations,
actions and the benefits the finding was sum up, mastered and synthesized in groups based on the
context and the dimension in which it occurs such as Data context, Operations, Customer, Demand,

Sustainability, Intra and Inter-Organization and finally Supply chain risk.

As previously-mentioned three research questions were designed to answer the main research
question and based on the findings, the answer to the first research question will be addressed as

below:
RQ1 “What are the motivations that drive the digital transformation of the supply chain?”

The motivations that drive the digital transformation of the supply chain are many, however, this
research focuses on the motivations that trigger a certain transformation action in the supply chain,
in addition to the benefits generated from these actions. The motivations respect to the context and

mastering field can be listed as below:
1. Data Context:

the motivations regarding the data context are focusing on the nature and features of the data,
however, the main motivation regarding the data context is “Availability of Massive Amount of

Information and Data”.

With the increase of the supply chain complexity and globalization, a huge amount of raw data is
available about the markets, processes, suppliers, materials, performances, and customers...etc. A
necessity was raised to the organizations to figure out a way to exploit this amount of raw data in a

way that could be useful for the benefit of the organizations and improves decision making.

The availability of the massive amount of the raw information about the markets and their customers
encourages the company to use this valuable resource to create a competitive advantage and
encourage their position of being intermediary between the production and the customer by adopting

the new technologies such as BD, Analytics tools and other industry 4.0 technologies.
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2. Operations Context:

The second context is related to the context of the operations which is referred to the operational
activities and practices in the supply chain, thus the main motivation is the “Globalization and

Increased Complexity in the supply chain”.

In the late 2000s, the industries and business environment witnessed advancement in the globalization
and volatility in the business environments resulting complexity in the supply chain networks and
practices. The fast accelerated progress and the development that is occurring worldwide, the
reduction in the life-cycle of the industrial time create a need for the firms to increase their effort in
finding more innovative solutions and new strategies for their supply chain in order to simplify the
supply chain, gain flexibility in the operations and providing fast responding to these changes, in the
addition to compete in the increasingly competitive markets and achieve competitive advantage,
consequently, the supply chain should be responsive and aligned change of market volatility.

A need for simplifying the processes and practices and standardizing the systems and automate them
along the supply chain is highly increased, in order to facilitate the delivery of the value and increase
the effectiveness and efficiency of the supply chain. The need for simple and standard systems and
processes are enhancing the exploiting the industry 4.0 technologies, due to some significant features

of the industry 4.0 that support the standardization and simplification.
3. Customer context

The third context is related to the customer side, the key motivation is “Changes in customer

preferences”.

In the business environment, achieving customer satisfaction is the most significant component to
ensure the surviving in the competition environment. In the last decades, the customer and the final
consumer were always considered to be a part of the downstream in the supply chain. In the early
2000s, the new age of supply chain was launched, since reconsiderations about the position of the
customer in the network were taking place, and they started to concede more power to the customers
rather than producers and suppliers. This shift in the power from the supply side to the demand,

encourage the company to increase the attention on the customers and their requirements.
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4. Demand Context:

The significant motivation regarding the demand context is the “Supply Chain Uncertainty”. The
uncertainty is referred to the misalignment between the supply and demand in the supply chain due

to inaccurate information on the demand.
5. Sustainability Context

In the last decades, customers' attention tends to move forward the sustainability practices, resulting
from the increase of the consciousness and the awareness of the customers towards the environment
and social practices. In the current business world paying attention to the profit and the economic
aspect of the organization is not enough for being a sustainable business, the social and environmental

aspects should also be considered as goals of the organizations.

Due to the increased attention of the customers and governments towards sustainability, in the
addition to the complexity in the supply chain, a need has been raised to adopt new forms, models
and technologies that are taking into consideration the environmental and social aspects. This
motivation enhanced the organizations to adopt the new technologies in order to create new business

models that can include the environmental and social aspects
6. External Business Environment Context:

According to the findings of this research, the key motivations related to the External Business
Environment Context are basically two; “External Pressure and Support” and “Integrative, and

Joint planning Supply Chain” and they are illustrated as below:
I. External Pressure and Support:

The external motivations are related to the drivers that force or support the company in implementing
the digital transformation in their practices. These motivations could enhance the organizations for
shifting toward digital technologies, and they are divided into two main external motivations,

“External pressure “and “External Support”.

The first motivation is the “External pressure”, which is related to all forces and factors that form the

external environment of the firms such as the increase of competition, government regulations and
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legislation, in the addition to changing in the business fields and the advancement of the technologies

and finally the organizational adoption.

Industry 4.0 technologies were adopted recently by several companies which can force the other
companies that still didn’t apply the industry 4.0 technologies, to perform it in order to compete in
the market and fulfil the volatile market changes and fulfil the changing customer preferences.

The second enabler is the perceived outside support, which is related to the support of some actors
such as vendors or consultants in the transformations practices which can be achieved by providing
support regarding the new technologies such as reduction in the cost of installation of these
technologies, cost efficiency and benefits, the training for the employees, providing the necessary

support during the application and implementation of the new technologies and during the operations.

Recently, new industries and sectors that specialized in the implementing 4.0 technologies and
providing the technical support, consultancy and training are raised, which can also encourage the
companies to implement the industry 4.0 technologies due to the availability of such support,
enhancing them to shift toward the technologies to adopt the new changes and volatility in the markets

and customer behaviors.
Il. Integrative and Joint planning Supply Chain:

The general context of the Supply chain that each organization acts like a producer and an information
user in the chain, hence the organizations ,need to analyze and intercept the data they receive from
their supply chain partners, in addition, they need to generate data, so to work in more responsive and
collaborative chain, there is also a need to analyze the data internally and to share information to their

respective partners externally.

In another word both inside and outside collaboration and synergies can be ensured along within the
organization and along the supply chain by selecting and monitoring the relevant data and information
to share and since industry 4.0 technologies proved its ability to offers vast prospects for developing
an integrated and collaborative business model that can create those synergies, this created a

motivation for the decision-makers to adopt the new technologies.

Supply chain usually characterized by a heterogeneous composition, hence, the need was raised for

the firms operating in the Supply chain network to work closely in a more collaborative environment
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to ensure suitable coordination between the different firms, also, to ensure the harmony and time

synchronization in the processes, flow, and the activities.
7. Policies context:

Policies and regulation context are regarding the regulations that were formed to organize the supply
chain and to prevent the risk that could occur along the supply chain process, especially when it is
related to the heal and the safety of the actors. The main motivation regarding this context is the
“Governmental Regulations, Legislations and policies”.

Legislations and policies played a role in adopting the digital transformation, and it enhanced the
organizations to adopt the usage of the new technologies in order to prevent the risk during the supply
chain processes and to increase the safety practices during these processes.

One of the best examples of legislation and policies that encouraged the companies to adopt digital
technologies is the perishable and food products safety. In the late 1990s, several food incidents were
occurred in Europe, resulting in an increase in the attention and a need to establish several laws and

regulations to ensure a high level of protection of human and consumer life.

Consequently, the food safety has increased the global attention, currently, the European Union,
United States, and other countries in the west have been created legislation in order to apply a system
regarding the agricultural and food safety. In 2002, the European Parliament and council established
Regulation (EC) No 178/2002 which define an integrated approach of food safety from the farms to
the tables. Hence, some other regulation that forces the organization tracing, tracking, monitoring,
and controlling all the supply chain processes.

Due to the industry 4.0 abilities in the real-time tracing, tracking, and real-time responsiveness in the
case of emergencies, adopting these technologies is a must for the organizations that perform in the
environments in which have these regulations. RFID technologies and its capabilities of tracking and
tracing in the logistics processes are one of the industry 4.0 technologies that can achieve these
missions. RFID tags have been attached to the food products that are being stored in the EPC code -
which is considered as an identity card of the product -, in order to provide traceability and tracking
information in real-time, about the food products along the whole process of the circulation. Table

12 below illustrates the dimensions and contexts of the influence and the Motivations for adoption
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the Digital Technologies in the Supply chain, Figure 21 shows the different motivations for adopting
Digital technologies.

Source: OWN
Dimension and context Motivation(s) that drive the Digital Transformation of SC
Data Availability of Massive Amount of Information
Operations Globalization and Increased Complexity in supply chain
Customer Changes in customer preferences
Demand Supply Chain Uncertainty
Sustainability Sustainability
Intra and Inter- External Pressure and Support
Organisation Integrative, and Joint planning Supply Chain
Policies Governmental Regulations, Legislations and policies

Table 12 Motivations that drive the Digital Transformation of SC

Source: OWN

Motivations for
Adoption of DT

Governmental
Regulations, Legislations
and policies

Availability of Massive Integrative, and Joint
Amount of Information planning Supply Chain
Globalization and
. External Pressure and
Increased Complexity
) . Support
in supply chain
Changes in customer Sustainability
preferences
' \ Supply Chain /
. Uncertainty ya

Figure 21 Motivations that drive the Digital Transformation of SC
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4.2. The Transformation Actions triggered by Specific Motivations

RQ2 “What are the transformation actions triggered by specific motivations?”

After addressing the motivations that drive the Digital Transformation of SC corresponding to the
context in which they impact, the second research question is regarding addressing the transformation
actions that are triggered by specific motivations in the supply chain that is related to these

motivations and can be listed corresponding with the context as below:
1. Data Context:

As mentioned before the motivations regarding the data context is Availability of Massive Amount
of Information and Data. However, the action that industry 4.0 provides for the data nature and
context is to Transform the massive data and information into useful forms and intelligence (Data

Integration.

The action regarding the data context t is referred to shift of the supply chain from the conventional
practices into the intelligent supply chain and manufacturing which is enhanced by the capability of
industry 4.0 technologies to exploit, use, analyze the huge amount of the data and shift these raw data
into intelligence, and also provide a simulation of supply chain activities and scenarios. However, the
intelligent is supported by the technologies of industry 4.0 such as the Cloud computing abilities and
analytics tools, that could be able to design and create different scenarios before they happen based
on the situation of the future which creates more controllable supply chain that could provide a
possibility to prevent the risk before it happens and could have better insights into the possible

scenarios and better decision making.

Due to the industry 4.0 capabilities and especially BDA plus the massive computing abilities, this
information and data could be exploited positively, which can generate benefits to the organizations.
For this reason, the availability of data and information is considered to be a motivation for adopting
the digital technologies and to use them in order to transform these raw data into a useful form that
can improve the overall performances of the supply chain.
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2. Operations Context:

As mentioned before Globalization and Increased Complexity in the supply chain considered a
motivation for adopting the digital technologies, however, three actions are adopted to achieve this

motivation:

1. Simplifying the processes and standardizing the systems.
2. Instrumentation and Automation.

3. Localization, Relocation, and Decentralization of the production activities.

The action that could occur regarding the supply chain is Simplifying the processes and standardizing
the systems that have resulted from the globalization, complexity, and volatility of the supply chain.
This simplification and standardization in the processes and systems are occurring due to the
increased visibility of the supply chain, sharing the real-time information between the partners and

reduction of the number digital platform used in the supply chain.

The industry 4.0 feature of Instrumentation and automation which is referred to the exchange of
processes and transactions that are featured as automated and can be managed by RFID technologies,
sensor, and GPS systems in order to decrease the risk and cost, and reduce the complexity, in the
addition to automation of the activities that will be supported by big data and artificial intelligence
“Al”.

AM technologies and 3D printing can impact the location of the production and manufacturing, due
to its ability to produce the products that characterized with low volumes and complexity in
production, allowing the production to be decentralized and be closer to the downstream part of the

supply chain due to the flexibility and accessibility to the Am technologies.
3. Customer context

The third context is related to the customer side, the key motivation is “Changes in customer
preferences”, nevertheless, the actions that took a place through the industry 4.0 capabilities can be

addressed as below:

1. Front-End Functionality;

2. Mass Customization and Customer involvement
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The term Front-end functionalities are related to the integration of all process directly connected to
customers and development of frontend applications that facilitates for customers and also enables

understanding of customer requirements.

As mentioned previously, recently, the customer behaviors are dynamically changing, and their
preferences are volatilizing, so a need is a must to fulfil these changes and to deliver the desired value.
Industry 4.0 provides the capabilities to understand the customer’s behaviors through the integration,
especially the Front-end functionalities which it is referred to the integration of all process directly
connected to customers and development of frontend applications that facilitates for customers and
also enables understanding of customer requirements. This technology can address better customer
preferences, for example, the organization can pay more attention to the customers’ feedback in social

media and implement a strategy to follow up activities using these technologies.

Another capability that the new technology can provide is the mass customization which can create
engagement and involvement of the customer in the designing phase and even in new product

development (NPD), consequently, this will lead to satisfying the customer preferences.
4. Demand Context

The motivation regarding the demand context is the “Supply Chain Uncertainty”. The uncertainty is
referred to the misalignment between the supply and demand in the supply chain due to inaccurate
information on the demand. The main action that is undertaken through industry 4.0 capabilities is

“Prediction, Analytical, and simulation Tools”.

Reducing the gap between the supply and demand can be a key motivation for the organizations for
adopting the digital technologies since industry 4.0 shows remarkable capabilities in prediction,
simulation and analyzing the demand and forecasting and could achieve a significant improvement
in the demand forecasting accuracy. The increasing demand forecasting accuracy along with the
processes and systems can achieve a significant reduction in the gap between supply and demand.

5. Sustainability Context

Due to the increased attention on sustainability by the governments and the customers, it can be

considered as a motivation for adopting the new digital technologies, moreover, the action regarding
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sustainability motivation is the “adoption new business models” that take sustainability into

consideration through exploiting industry 4.0 capabilities.

Industry 4.0 provides enormous opportunities for recognizing of the sustainability in the productions
and its ability to implement coordination of the material, energy and products across the whole life-
cycle of the products from sustainable building of the processes and resources efficiency, developed
productivity of the manpower thanks to the capability of the internet of things and the application of
the green lea-agile business models. Furthermore, BDA and its predictive capabilities can help in

creating models to predict sustainability performances.

The developed business models that based on the industry 4.0 technologies, enable the organizations
to implement a more sustainable (social and environmental) trend at a larger scale, which can make
the organizations perform more responsibly toward the health and safety of the employees,

customers, society and the environment.

Another technology can increase the sustainability regarding the environment which is 3D printing
technologies that also have an impact on the supply chain sustainability since it has better abilities in
term of resources efficiency compared to the traditional production methods, besides 3D printing will
start the shift in the view of natural resources with material savings, along the production process, in
the addition to the ability of well-use the recycled materials during the printing processes. Also, it
can produce the products with less waste, leading to greener, and more sustainable production in the
addition to enhancing the utilization of recycled materials, and reduce the excess inventories and
overproduction due to postponement and late-stage customization.

6. External Business Environment Context

The key motivations related to the External Business Environment Context are basically two;
“External Pressure and Support” and “Integrative, and Joint planning Supply Chain. Several actions

are taken into considerations regarding these motivations such as:

1. Adopting New Business Models to face the external pressures and include external support

through considering industry 4.0 in these models:

Adopting new business models is significant action due to the adoption of the new technologies as a

reaction to the recent gain features of the market such as volatility, globalization, and dynamicity.
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This adoption can let the organizations adjust their business models and practices and performing in
this environment to gain sustainable competitive advantages by providing real-time responsiveness
to the changes that occur in the market environment, besides face the increasingly competitive

environment in the market.

Consequently, a need is raised for the firms to increase their effort in adopting new business models
that include innovative solutions and new strategies for their supply chain in order to compete in the

increasingly competitive markets and achieve sustainable competitive advantage.

2. Connectivity and Interconnectivity: (END-TO-END) along the supply chain in order to
create a coordinative, corporative, integrative context between the different partners in the supply
chain. The most important actions that could be achieved in the supply chain which is related to
connecting the different elements of the supply chain from partners, processes, practices, products,
inventories, physical objects and overall elements of the supply chain. Furthermore, it is referred to
the ability of the technologies that can be connected to the internet and exceed the direct collaboration
between the supply chain partners through providing real-time market development.
Interconnectivity is a term that illustrates the transformation in the supply chain design according to
the impact of integrative technologies such as “Big Data” and “IoT”. Besides the opportunities to
establish a synergy by combining the normal production with customized production through additive
manufacturing. Furthermore, merging the physical objects, information, data, products, and the

processes all together.

End-To-End integration and interconnectivity can facilitate the information sharing, real-time data,
and enhance the transparency, visibility, real-time traceability and tracking in the addition to, leading
to a reduction in the uncertainty, simplifying the complexity of the supply chain and improve the real-

time responses to the volatility of the business environment.
3. Merging the physical objects, information, data, products, and the processes all together:

Merging the physical objects with the process of the supply chain is an action that could be generated
from the motivation of joint planning and integrative supply chain Tracking and Traceability is a
result of merging the object with the processes since it can capture massive amount of real-time data
and information regarding the products in motion, extracting data of location, quantity and the status

of the products besides monitoring the security as well as increase the responsiveness of the supply
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chain. Industry 4.0 technologies that could manage the real-time data capturing by tracking and
tracing are RFID technologies, sensor, and GPS systems in order to decrease the risk and cost,
increase the visibility and reduce the complexity of the supply chain, as well as its benefit in the cold
chain and food safety.

7. Policies context

The action regarding the motivation of Governmental Regulations, Legislations and policies are the
same as the action mentioned above; Merging the physical objects, information, data, products, and
the processes all together. Nevertheless, in this context, this merging of the physical object with the
processes proves its ability to guarantee the tracking and tracking of the product, especially in the
food sector. Due to the industry 4.0 abilities in the real-time tracing, tracking, and real-time
responsiveness in the case of emergencies, adopting these technologies is a must for the organizations
that perform in the environments in which have these regulations. RFID technologies and its
capabilities of tracking and tracing in the logistics processes are one of the industry 4.0 technologies
that can achieve these missions. RFID tags have been attached to the food products that are being
stored in the EPC code - which is considered as an identity card of the product -, in order to provide
traceability and tracking information in real-time, about the food products along the whole process

of the circulation.

The above-mentioned transformation actions and the motivations are linked to each other since those
transformation actions are triggered by the previously-mentioned motivations as Figure 22 below

illustrates:

Source: OWN

4 )

The Motivations The Actions

o J

Figure 22 The Link Between the Motivations and the Actions
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Table 13* below summarize the link between the motivations and the actions corresponding to the

dimension and context in which they impact and occupy.

Data Availability of Massive Transform the massive data and information into

Amount of Information useful forms and infelligence (Data Integration)

Simplifying the processes and standardizing the

Globalization and Increased systems

Operations Complexity in supply chain Instrumentation and Automation

Localisation, Relocation and Decentralisation of the

production activities

Customer Changes in customer Front-End Functionality
preferences Mass Customization and Customer involvement
Demand Supply Chain Uncertainty Prediction, Analytical and simulation Tools
Sustainability Sustainability
External Pressure and Support Adopting New Business Models

External Business

Environment Integrative,
Context and Connectivity and Interconnectivity: (END-TO-END)
Joint planning Supply Chain
Merging the physical objects, information, data,
Proliaias Governmental Regulations, products and the processes all together

Legislations and policies

Table 13 Conceptual Framework of the link between the motivation and the actions

(*) The colours show the context in which the motivations and actions impact.

Source: OWN

(*) The white blocks in the Table indicates a shared block
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4.3. The expected Benefits Generated by Transformation Actions

RQ 3 What are the expected benefits that are generated by transformation actions?

After addressing the motivations and its related transformation actions corresponding to the
dimension and the context, the expected benefits that are generated from these transformation actions

are being addressed as an answer for the third research question.
The benefits generated from the actions can be addressed as below:

1. Transform the massive data and information into useful forms and intelligence (Data integration):
a. Improve Value, Velocity, Volume, Variety, and Veracity of the data (5V).
b. Transform the from hysteresis to real-time.
2. Simplifying the processes and standardizing the systems:
a. Reduce the Complexity of the Supply chain.
b. Simplifying the digital platform and use of joint planning platforms.
3. Instrumentation and Automation:
a. Provide Flexibility in the SC.
b. Improve operational agility.
c. Real-time Monitoring and Control the Manufacturing processes (MES).
d. Reduction in the needed manpower and labors cost.
e. A smoother and faster flow of the products across the supply chain.
4. Localization, Relocation, and Decentralization of the production activities:
a. Lead to the shorter and narrower supply chain.
b. Reduce the excess inventories and overproduction due to late-stage customization.
c. Remarkable cost reduction of transportation and logistics activities, fuel, route
optimization.
5. Front-End Functionality:
a. Better addressing Customer requirements and need.
b. Improve the relationship with the customer.
6. Mass Customization and Customer involvement:
a. Involve and engage the customer in the designing phase and (NPD)
b. Responding to the changing customer preferences.
7. Prediction, Analytical and simulation Tools:

a. Pricing and Macroeconomic prediction.
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b. Improve the preciseness of the demand forecasting along the supply chain.
c. Improve the Real-time responsiveness to the changes in the business environment
demand variation customer preferences.

d. Reduce the Gap between Supply and Demand.
8. Adopting New Business Models regarding the sustainability context:

a. Predict sustainability performances.

b. Reducing the wastages and insufficiencies in the Supply chain.

c. Less waste, leading to greener, and more sustainable production.

d. Increase the Awareness about Social and Environmental practices.

e. Enhancing the utilization of recycled materials.

f. Improve the social and environmental responsible value chain.

g. Align the social and sustainable practices with the business strategies and models.
9. Adopting New Business Models regarding the External business environment:

a. Real-Time Responsiveness to the volatile business environment.

b. Gain Competitive advantage to Stay within the competition Environment.
10. Connectivity and Interconnectivity: (END-TO-END):

a. Real-Time information sharing along the Supply chain.

b. Improve visibility along the Supply chain.

c. Reduction in the behavioral uncertainty and opportunistic behavior between the actors.
d. Improve the Transparency and Trust level between Partner.

Improve the buyer-supplier relationship.
Improve the supplier selection processes and evaluation.
Improve Processes efficiency.

> Q o

Overcome the Information Asymmetry Problem.
i. Avoid the supplier risks and support in creating a backup plan in cases of emergency
j- Improve the overall performances of the Supply chain.
i. Lower levels of inventory and improve the safety stock.
ii. Reducing inventory shrinkages and avoiding stock-out and excess stock.
iii. Shorter lead time.
iv. Improved Service quality.
v. Delivery accuracy and delivery time.

vi. Improve the sourcing cost.
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vii. Real-time optimization of Transportation costs (weather forecasting, fuel,

route optimization).

11. Merging the physical objects, information, data, products, and the processes all together:

For merging the physical objects and processes action, the same benefits of the previously

mentioned action (interconnectivity), in addition to the below benefits:

a.
b.

C.

Prevent the risk during the supply chain processes.
Real-Time Monitoring, Tracking and Traceability.
Reduce the negative impact of terror and theft.

Increase the safety practices during SC processes (e.g. Food Safety, Cold Chain).
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5. Summary

After addressing the expected benefits that are generated from the previous transformation actions,
the benefits are linked to the actions, that already was linked to the main motivations. Figure 23 below

illustrates the links between the motivations, action and the benefits:

Source: OWN
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The Motivations The Benefits
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Figure 23 The Link Between the Motivations, Actions and the benefits

as three research questions are already answered previously, Table 14 below summarizes the
connection and the links between the motivations that drive the digital transformation, the
transformation actions, and the expected benefits that are generated from the adoption of this
technologies, all the three elements are represented corresponding to the dimension and the context
in which they impact. Furthermore, a conceptual framework was designed illustrated the connections
and the links between motivations that drive the digital transformation, the transformation actions
were undertaken and the expected benefits of adopting these digital technologies, corresponding to

the dimension and the context in which they impact as shown below in the Figures 24, 25,26.
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Mastering Field Motivation(s) Tranformation Action(s) The Generated Benefits from the Actions

Availability of Massive Amount of Information Transform the massive data and information into useful forms and intelli (Data
and Data Integration.

Improve Value, Velocity, Volume, Variety, and Veracity of the data (5V).
Transform the from hysteresis to real-time.

Data

Reduce the Complexity of the Supply chain.

Simplifying the digital platform and use of joint planning platforms.
Provide Flexibility in the SC.

Improve operational agility.

Real-time Monitoring and Control the Manufacturing processes (MES).

Simplifying the pr and star izing the sy

Globalization and Increased Complexity in the Instrumentation and Automation.
supply chain

Operations —

in the manp and labors cost.

A smoother and faster flow of the products across the supply chain.

Lead to the shorter and narrower supply chain.

Reduce the excess inventories and overproduction due to late-stage customization.
Remarkable cost reduction of transportation and logistics activities, fuel, route optimization.

Localization, Relocation, and Decentralization of the production activities

Better addressing Customer requirements and need.
Improve the r i ip with the il 5
Involve and the cust in the igning phase and (NPD)

Front-End Functionality

Customer Changes in customer preferences

Mass Customization and Customer involvement

Responding fo the changing il preferences.
Pricing and M i

Impi the preci of the d d for ting along the supply chain.
P e P ToTITE e

UN[=IN (=N = e D= oA e N [=IN =N =

Demand Supply Chain Uncertainty Prediction, Analytical, and simulation Tools

TETIT TusTOTITET

Reduce the Gap between Supply and Demand.

Predict sustainability performances.

Reducing the and insufficiencies in the Supply chain.

Less waste, leading to greener, and more i production.

Increase the Awareness about Social and Envir tal practi

Enhancing the utilization of recycled materials.

Improve the social and environmental responsible value chain.

Align the social and sustainable practices with the business strategies and models.

Sustainability Sustainability

Adoption new business models

Real-Time Responsiveness to the volatile
Gain Competitive advantage to Stay within the competition Environment.
Real-Time information sharing along the Supply chain.
Improve visibility along the Supply chain.[
Reduction in the behavioral uncertainty and opportunistic behavior between the actors.
Improve the Transparency and Trust level between Partner. (|

P the buyer: i i
Impi the lection pre and
Improve Processes efficiency.
Overcome the Information Asymmetry Problem.
. Avoid the supplier risks and support in creating a b p plan in cases of emergency

Joint 1. Lower levels of inventory and improve the safety stock.

planning 2. Reduci y shrink and avoiding stock-out and excess
Supply Chain stock.
3. Shorter lead time.
4. Improved Service quality.
5. Delivery accuracy and delivery time.
6. Improve the sourcing cost.
7. Real-time optimization of Transportation costs (weather forecasting,
fuel, route optimization).

External Pressure and Support

C tivity and Inter tivity: (END-TO-END)

External Business Integrative,
Environment Context and

R REEEEE B A EEE R

10. Improve the overall perf of the
Supply chain.

Merging the physical objects, information, data, products, and the pr all 1. Prevent the risk during the supply chain processes.

Governmental Regulations, Legislations and 2. Real-Time Monitoring, Tracking and Traceability.
policies 3. Reduce the negative impact of terror and theft.
4. Increase the safety practices during SC processes (e.g. Food Safety, Cold Chain).

Policies

Table 14 The Link Between, Motivations, Action and The Benefits

(*) The colours show the context in which the motivations and actions impact.

(*) The white blocks in the Table shows a shared block between two contexts.

Source: OWN
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Figure 24 is a conceptual framework that illustrates the links between motivations, action and the benefits regarding Data, operations

and customer contexts.

Availability of Massive
Amount of Information

Transform the massive
data and infermation inte

intelligence and useful
forms and

Improve Value, Velocity, Volume, Variety and Veracity of the data (5V)

Simplifying the processes

and standardizing the
systems

Transform the Data from hysteresis to real time

Reduce the Complexity of the Supply chain

Simplifying the digital platform and use of joint planning platforms

Instrumentation and

Supply Chain Globadlization and
Digital Increased Complexity in
Transformation sC
Data Context

Operations Context

Customer Context

Avutomation

Provide Flexibility in the SC

Improve the operational agility

Localization, Relocation
» and Decentralization of

the production activities

Real-time Monitoring and Control the Manufacturing processes (MES)

Reduction in the needed manpower and labors cost.

Smoother and faster flow of the products across the supply chain

Changes in customer
preferences

Front-End Functionality

Lead to the shorter and narrower supply chain

Reduce the excess inventories and overproduction due to late-stage customization

Remarkable cost reduction of the transportation and legistics activities.

Mass Customization and

Customer involvement

Better addressing the Customer requirements and need

Improve the relationship with the customer

Involve and Engage the customer in the designing phase and (NPD)

e N e O N A R A e s

Responding to the changing customer preferences

Figure 24 Conceptual framework (Data, Operations, and Customers contexts)
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Figure 25 below is conceptual framework that illustrates the links between motivations, action and the benefits regarding Demand,

Sustainability and External Business Environment contexts.

Pricing and Macroeconomic prediction

Prediction, Analytical and

— Supply Chain Uncertainty

simulation Tools

Improve the preciseness of the demand forecasting along the supply chain

Improve Real-time responsiveness to the variationin demand

Reduce the Gap between Supply and Demand

Predict sustainability perfformances

Reducing the wastages and insufficiencies in the Supply chain

Less waste, leading to greener, and more sustainable production

. Increase the Awareness about the Social and Envirmental practices
Supply Chain

Adopting New Business

Digital » Sustainability

I ; i Models
ransformarion Enhancing the utilization of recycled materials

Improve the social and environmental responsible value chain

Align the social and sustainable practices with the business strategies and mode

I R R A A

Share Activity
—>| Real-Time Responsiveness to the volatile business environment
Demand Context
sustainability Context External Pressure and —bl Gain Competitive advantage to Stay within the competition Environment

Support

External Business
Environment Context

Figure 25 Conceptual framework (Demand, Sustainability, and External Business Environment contexts)
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Figure 26 below is conceptual framework that illustrates the links between motivations, action and the benefits regarding External

Business Environment contexts and Policies contexts.

Integrative, and

Connectivity and
Interconnectivity:
(END-TO-END)

1. Real-Time information sharing along the Supply chain |

2. Improve the visibility along the Supply chain. |

Reduction in behavior uncertainty and opportunistic behaviors between the actors |
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products and the
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together

5. Improve the buyer-supplier relationship |

6. Improve the supplier selection processes and evaluation, |

7. Improve Processes efficiency |

8. Overcome the Information Asymmetry Problem |

Avoid the supplierrisks and support in creating a backup plan in cases of emergency |

— Joint planning
Supply Chain
Supply Chain
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Transformation
Governmental

—»{ Regulations, Legislations
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Prevent the risk during the supply chain processes |

Real-Time meonitoring, Tracking and Traceability |

Reduce the negative impact of terror and theft |
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Increase the safety practices during SC processes (e.g. Food Safety, Cold Chain) |

Figure 26 Conceptual framework (External Business Environment and Policies Contexts)
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6. Conclusion

Supply chain management is very important for the organisation’s benefits, and due to this fact,
many researches and studied were undertaken related to this topic, nevertheless, digital
transformation in the supply chain is a relatively new topic, however, the number of researches
related to digital transformation is still gradually increasing since the diffusion of adopting these
technologies is tangible.

Nowadays, the organisations are striving to adopt the digital transformation in their practices for
several motivations and reasons, nevertheless, few studies have focused on the transformation
actions of and the expected benefits that digital transformation has on organizations’ supply chain
practices. Adopting the digital technologies and industry 4.0 capabilities is becoming significant
for the organizations, with the growth of the competition in the business environments and the
benefits that the transformation could achieve, investing in the digital transformation becomes one
of the top priorities for the organizations.

Due to the uprising challenges in the business markets and a need to adopt the digital
transformation by the organisations, in addition to the lack of the researches regarding the digital
transformation in the supply chain, a systematic approach has been performed for addressing the
key benefit that are generated from several actions of the transformation that linked so significant
motivations have been evaluated and identified in this research, in order to overcome the
uncertainty of the expected benefits of the digital transformation of the supply chain for the
organisations, Furthermore, a conceptual framework has been designed to link the motivations,
actions and the benefits of this transformation corresponding to different context and dimensions
such as Data nature, Customer, Demand, operations, External Business Environment Context,

Policies, and Sustainability contexts.

This research has been followed a Systematic Literature Review approach on the recently
published studies related to various digital technologies in a different context and part along the
supply chain, moreover, a two-phases analysis approach was undertaken in order to analyse and

evaluate the literature in several aspects.

The first phase of the analysis is a descriptive analysis which is focusing on the analysis of digital
transformation in the supply chain in terms of the temporal distribution of the publications,
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methodologies of the studies, journal-title and finally the technology listed in the publications. In
this phase, 58 papers were descriptively analysed and reviewed along the period between 2010 till
2018. Regarding the temporal distribution of the papers, about 39% of the papers were published
in 2018, and most of the publications are published in the last 3 years (2016-2018). According to
the publication by the methodology of the research, the most publication adopted the conceptual
methodology and survey with 29.3 % and 19% correspondingly. According to the most technology
listed Big data is the most mentioned technology with 38 papers out of 58.

The second phase analysis was performed on 56 papers in order to provide a deep understanding
of the digital transformations and to investigate how adopting the digital technologies represented
with Industry 4.0 technologies provides benefits to the organisation’s supply chain practices.
Furthermore, to state the main motivations that drive the digital transformation that lead to several
transformation actions related to the digital transformation, consequently, the expected benefits
that are generated from these actions and practices. Additionally, a conceptual framework was
developed to link and create a connection between Motivations, Actions, and Benefits of adopting
the Digital technologies, as well as evaluation of the digital transformation and the generated
benefits, and to go forward with this evaluation. Data nature, Customer, Demand, operations,
External Business Environment Context, Policies, and Sustainability were selected as main

contexts for this conceptual framework.

Considering the defined contexts and dimensions of the supply chain digital transformation, this
research contributed to both literature and practice by systematically reviewing the supply chain
digital transformation and industry 4.0 in supply chain literature. This research had rich analysis
and discussion by systematically examining and classifying the researches and studies according
to several dimensions and contexts in the supply chain, such as Data nature, Customer, Demand,

operations, External Business Environment Context, Policies, and Sustainability.

The research is picturing the adoption of digital technologies as a perfect solution to overcome the
complexity, globalisation and all the uprising challenges in the business environment, but the fact
is, despite the listed benefits of the digital transformation on the supply chain, this adoption has
massive number of challenges and concerns such as: Defining Clear objectives Strategy of
employment of the Technologies, Cybersecurity and Information Privacy, Lack of Talent

Management, Expertise and Skilled Manpower, The Trust between the supply chain actors,
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Managerial and Organizational Behaviours, Uncertainty of the expected benefits, time, cost,
intellectual property concerns, and the misuse of these technologies and many more other

challenges.

This research has addressed several limitations, and they can be summarized in the lack of the
qualitative research method that could provide a better understanding of the nature of the adoption
of the digital supply chain in the organisations nowadays, in addition, the limited number of the
keywords used in performing the research, and it needs to be extended in the future, in addition to
the lack of time. Furthermore, the type of the document was also considered as a limitation of this
research since the type was limited to articles, however, the research quality will increase if the

books and books’ chapters are included in the research.

For future recommendations and studies, exploration the impact of the digital technologies on the
supply chain strategy can be valuable to perform, in addition to investigate on the change
management in the organisation in order to adjust with the digital transformation and to extend the
horizon of this research to include digital transformation in the different functional units within
the originations such as Accounting department, HR department and the other functional units,

finally it is worth to investigate about the digital transformation on the Supply chain finance.
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