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Abstract: Background: Digital supply chain twins (DSCT) are gaining increased attention in academia
and practice as they emerge as one of the most important trends in logistics and supply chain
management (LSCM). Still, there seems to be no common understanding of the term in scientific
literature. Moreover, the broad field of LSCM allows for a multitude of feasible application areas and
use cases, yet there exists no conclusive list of them as to date. Methods: This study builds upon a
systematic literature review of 66 DSCT articles to identify application areas of DSCT in LSCM as well
as specific use cases and their respective intended benefits. Results: To start with, the study derives a
unified definition of DSCTs, including possible scopes of applications. Afterwards, five application
areas of DSCT in LSCM are synthesized as well as 14 individual use cases and their respective
intended benefits. Conclusions: The study leads towards a conceptual clarification of DSCT that is
of importance for research and practice alike. For managers it additionally provides up-to-date use
cases to guide DSCT applications in practice.

Keywords: digital supply chain twin; logistics and supply chain management; digital twin; logistics;
supply chain management; systematic literature review

1. Introduction

The increasing complexity of supply chains creates significant challenges for com-
panies nowadays. The ongoing digital transformation of various traditional business
processes goes along with these challenges, but can also be the source of future competitive
advantages. As an interdisciplinary and cross-sectional function, LSCM can fulfill a key
role in this digital transformation [1].

Demand for efficiency and flexibility is at an all-time high [2] while transparency in
value systems is gaining increased attention in the light of the COVID-19 pandemic [3].
Meanwhile, the DSCT is discussed as a promising solution for developing an agile logistic
network. At the latest, after entering Gartner’s hype cycle in 2017 as one of the most
disruptive technologies, the DSCT is gaining more and more attention. In 2019 [4] and
2020 [5], Gartner placed digital supply chain twins (DSCTs) in the top eight technology
trends in the supply chain, but other studies also stress the future importance of the DSCT
concept in LSCM [6]. The DSCT is recognized as an innovation that not only leads to local
optimizations and improvements within a logistics system, but rather ensures a holistic
approach for optimally planning and controlling an entire system [7-9]. The DSCT creates
collaborative environments for stakeholders in LSCM while also providing the basis for
data-based decision-making [10]. By simulating possible real-world scenarios in a digital
world, the DSCT is able to predict the best achievable outcome for the present and the
future for the whole business ecosystem [11].

The enablers and at the same time the drivers for DSCT solutions are technological
advancements that have been made in recent years in many relevant fields. For example,
better and more cost-efficient sensor technology, widespread applications of the “Internet
of Things” (IoT) and advanced data analytics, just to name a few. These technological
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advancements are being used to realize digital twins (DTs) on a commercial scale and justify
the rapid growth of interest in the concept [8,12,13]. Gartner expects that by 2022, around
two thirds of all large companies that have implemented IoT technology will operate at
least one DT concept [14].

In the current academic debate, DT and DSCT do not have a consistent definition [15,16].
The concept is sometimes used in a misleading way [11]. Furthermore, current literature
about DT primarily discusses concepts that are asset-focused and associated with digital
images of single machines. However, asset-focused twins do not adequately reflect the
diverse application fields and implementation possibilities of the whole DSCT concept [17].
Especially in the context of LSCM, with all its complex challenges such as increasing
customer requirements in terms of speed and flexibility [18] or responding efficiently to
volatile markets [19], the DSCT has to be considered in a very differentiated context as
opposed to “classical” research on DT.

As LSCM is a very broad field of study, many possible use cases of DSCT are feasible.
In an extensive trend study from 2019, DHL opened up the field of possible application areas
for digital twins in the context of DSCT. The scope ranges from containers to warehouses
to value networks [6]. However, this list has not been revised by scientific literature.
Researchers, on the other hand, have described several use cases in academia. Some of
the more prominent examples being risk management [20] and production planning [21].
These researchers have also described individual benefits, even though they have mostly not
been quantified [22]. Although these use cases and benefits have been described singularly,
there is currently no broad overview of the field of DSCTs in respect to use cases and benefits.

Considering those developments and recent shortcomings of current literature in
this field, this study seeks to contribute to a much-needed conceptual clarification and
systematization of DSCT and their applications. More specifically, this study aims at the
following research objectives (RO):

RO1: Describe the distinct characteristics and scopes of DSCT in LSCM literature and derive a
unified definition of DSCT.

RO2: Synthesize the application areas of DSCT in LSCM.

RO3: Consolidate specific DSCT use cases and their intended individual benefits.

In order to contribute to RO1, the following section provides a conceptual clarification
of DSCT literature to provide a baseline for future scientific research. More specifically,
it outlines current developments in DT and DSCT literature, summarizes existing DSCT
definitions and understanding, highlights their core characteristics and derives a common
definition from them. Moreover, the scopes of DSCTs in current literature are discussed.
Afterwards, to contribute to RO2 and RO3, a systematic literature review (SLR) was
executed to give an overview about the current state of scientific literature concerning
DSCTs. Special attention was given to the identification of application areas in the field
of LSCM, as well as use cases and their respective benefits. The analysis highlights five
application areas as well as 14 individual use cases with specific characteristics and thereby
demonstrates the current scope, potential shortcomings and future research directions of
DSCTs in LSCM.

2. Conceptual Clarification of Digital Supply Chain Twins

To first give a brief history of the origin and development of the DT concept, an
overview in accordance with Tao et al. (2019) is given. The concept of a DT was originally
introduced in the field of product lifecycle management (PLM). Professor Michael Grieves
was the first to mention the DT concept in a presentation at the University of Michigan in
2003 as a way of synchronizing physical products with a virtual counterpart. Lacking rele-
vant studies or applications at that time, National Aeronautics and Space Administration
(NASA) and the U.S. Air Force applied DTs to predict the remaining useful life of aerospace
vehicles. In 2012, Glaessgen and Stargel wrote a landmark article about this paradigm.
Since then, the DT concept has been applied to various other fields such as product design,
production line design or production process optimization [8]. While at the beginning DTs
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were merely focused on single products or machines, with time the DT concept has been
applied to more complex systems.

In recent years researchers and practitioners have looked into the application of the
DT concept in the field of LSCM, where the twin can depict as much as a whole multi-
site, multi-stakeholder value system. This concept is commonly referred to as a “digital
supply chain twin”. In accordance with RO1, a unified definition of the term DSCT is
synthesized from literature in the following section. Furthermore, possible scopes of a
DSCT are examined.

2.1. Development of a Definition of DSCT

In order to define a digital supply chain twin (or digital logistics twin), we will first
look at what a digital twin is. Currently there is no uniform understanding of the term [23].
The lowest common denominator of many definitions is that a DT is a virtual representation
of a physical product. Some definitions emphasize the connection between the two parts,
while others include possible applications of DTs, for example simulation [24]. To provide
a broader understanding, some selected DT definitions are shown below.

Grieves und Vickers (2017) [25]:

“The Digital Twin is a set of virtual information constructs that fully describes a poten-
tial or actual physical manufactured product from the micro atomic level to the macro
geometrical level. At its optimum, any information that could be obtained from inspecting
a physical manufactured product can be obtained from its Digital Twin.”

Glaessgen and Stargel (2012) [26]:

“A Digital Twin is an integrated multiphysics, multiscale, probabilistic simulation of
an [ ... ] system that uses the best available physical models, sensor updates, [ ... ],
to mirror the life of its corresponding [ ... | twin. The Digital Twin is ultra-realistic
and may consider one or more important and interdependent [ ... ] systems [ ... ].
The Digital Twin integrates sensor data from the [ ... ] system, [ ... ] and all available
historical [ ... ] data obtained using data mining and text mining.”

Miller et al. (2020) [27]:

“A Digital Twin is a digital representation of a physical thing’s data, state, relationships
and behavior.”

In addition, Miller et al. define six characteristics of a DT:

Physical and virtual: A DT considers both the physical system and the virtual system.
Bidirectional data: A DT supports bidirectional data exchange between the physical
and virtual system.

e  Timely updates: A DT provides timely updates, depending on the requirements of the
use case.

e  Maintain state: A DT is able to store the last state of the physical system in order to
deal with disconnections.
Modeling and analytics: A DT provides modeling and analytics capabilities.
Reporting: A DT passes results to people and /or machines.

This selection of definitions shows both differences and similarities. The basic idea of
the DT remains the same: one observes the DT (a digital image) to draw conclusions about
a real-world system. In addition, the high level of detail of the digital image is always em-
phasized, which allows high-quality inferences to be made about the real system. However,
the nature of the digital image is perceived differently. For example, the descriptions “set
of virtual information constructs”, “probabilistic simulation” and “digital representation” each
allow different interpretations and degrees of freedom. Furthermore, sensor technology is
sometimes mentioned as a necessary technology.

The application of the DT concept to the field of LSCM has been more frequently
known as a digital supply chain twin. Several approaches can be found in scientific
literature for defining the DSCT. The various definitions and understanding differ in some
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details from source to source, as the following Table 1 shows. Even if the term DSCT is
not mentioned specifically, the selected sources always refer to a DT concept in an LSCM
environment.

Table 1. Definitions and Understanding of DSCT.

Source

Definition/Understanding

Srai et al. 2019 [28]

Regardless of the specific definition used, the DT concept typically involves the following aspects: (1) a
physical object; (2) its “digital” or “virtual” representation; and (3) the nature of the connection
between the two, as well as between DTs.

Ivanov et al. 2019 [29]

A DSCT is a model that can always represent the network state in real-time for any given moment and
interacting with other SCM tools provides a control tower for complete end-to-end SC visibility to
improve resilience and test contingency plans.

Marmolejo-Saucedo 2020 [10]

[ ... ]we can define a supply chain digital twin as a detailed simulation model of an actual supply
chain which predicts the behavior and dynamics of a supply chain to make mid-term/short-term decisions.
Consists of six layers: the physical twin, the local data source, local data repositories, IoT gateway
interfaces, Cloud-based information repositories and the emulation and simulation platform.

AnyLogic 2018 [30]

A DT is a special type of simulation model that represents a specific example of something in the
present and is achieved by combining current data from the subject with its simulation model.

DHL 2019 [6]

In logistics, the ultimate DT would be a model of an entire SC network.

Key characteristics/attributes that help to differentiate true DT from other types of computer model or
simulation:

DTs are virtual models of a real “thing”; virtually represent a unique physical asset.

DTs simulate both the physical state and behavior of the thing.

DTs are unique, associated with a single, specific instance of the thing/physical asset.

DTs are connected to the thing, updating themselves in response to known changes to the thing’s state,
condition or context; continuously collect data (through sensors) and being connected to the physical asset,
updating themselves with any change to the asset’s state, condition or context.

DTs provide value through visualization, analysis, prediction or optimization.

Korth et al. 2018 [31]

DT can therefore be characterized in the following way: it is a linked collection of different types of
data (like operation data) as well as different models; it evolves with the real system along its life cycle;
it is able to derive solutions relevant for the real systems (e.g., optimize operation and service).

Ding 2019 [32]

The end-to-end supply chain covers information flow, logistics and capital flow from all suppliers to all
customers, covering all product details and time cycles in the supply chain (depending on the specific
business of each specific industry). This is not only a physical supply chain network, but also a time cycle
(such as a rolling supply chain planning cycle).

While most of today’s supply chain processes and software are set up based on a portion of the supply chain,
the digital twin supply chain should have the ability to integrate the lowest and highest level of details of
all the elements together and provide a real-time level of management decision-making ability.

Again, many similarities, but also many differences can be found between the existing
definitions and understanding. One objective of this work is to synthesize a general
definition for DSCT from this collection. The claim for this definition is to assign a specific
meaning to the DSCT term. In doing so, the commonalities will be addressed, on which
the literature is largely in agreement. Points of disagreement are to be discussed and
substantiated or deliberately left open. For this purpose, some guidelines will be defined:

e  The term DSCT is derived from the term DT, which was originally developed for
product development. The basic idea of a DT is therefore to be retained in the definition
of the DSCT.

e Although DTs have been discussed a lot in literature and are already used exten-
sively in practice [33], the DSCT has only been mentioned in Gartner’s top “supply
chain technology trends” since 2019 [4,5]. This suggests that a DSCT does not merely
describe a new application field of classic DT, but represents a new, innovative tech-
nology concept. The definition of DSCT should therefore be clearly distinguished
from that of DT to do justice to the special application field of LSCM [34].
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e In DT literature, the automated exchange of data on both sides between the physical
and digital system is often emphasized as a characteristic of DT. This is achieved
on one side by the use of sensors, and on the other side by the use of actuators and
other control elements. In relation to logistics systems, however, this characteristic is
questionable, since humans still play a major role in most logistics systems [35]. Data
transfer from the logistics system to the DSCT can certainly be implemented with the
help of sensors and IoT technology, but automated control of the logistics system by
control elements is unrealistic for most use cases. The exchange of data from the DSCT
to the logistics system can therefore also take place by a knowledge gain which the
actors involved achieve through analyzing the DSCT.

e  Many definitions describe the DSCT as a model or simulation model. However, digital
simulation models of logistics systems have been used for decision-making in LSCM
for years, and are therefore not to be seen as a new, innovative technology concept [36].
The DSCT definition should therefore be clearly distinguished from simple digital
models and their use for simulation purposes [37].

e Depending on the literature, different purposes and methods are assigned to DSCT.
In this respect there is no consensus among authors. A general definition of DSCT
should therefore be independent of the specific purpose.

Based on these guidelines, a conceptual clarification for the DSCT is proposed (see
Figure 1):

A digital logistics twin or digital supply chain twin (DSCT) is a digital dynamic simu-
lation model of a real-world logistics system, which features a long-term, bidirectional and timely
data-link to that system. The logistics system in question may take the form of a whole value network
or a subsystem thereof.

Through observing the digital model, it is possible to acquire information about the real
logistics system to draw conclusions, make decisions and carry out actions in the real world. The
DSCT enables the use of diagnostic, predictive and prescriptive methods with the ultimate goal of
holistically improving the logistics performance along the whole customer order process.

1
11111 111111
11111111 1

|l|l|||‘| 1 11
1 1101011111111
ERP data, sensors, loT 1] 111 100111111011 1111111111111
1 111111 M HI 11111111111
technology, ... 1 MUPOHHT I

MO R H R 11111111111
111111111 A1
1111111 11111111111

111114001011 1111111111111

11111 11 1111111111111

M1

M1

111111111 12421111

111111114 1 —w*nn

111111111111 1111 11

1154111111114 111 1

mh~ 111

111111111 11

Decision-making, 1110011111111 111111 1

N 1111111111111
controlhng, MIM111111101111
1111111111111

1111111111111

111111111111100001

11111111111 1111111100111

11111111
1M1
1111111111111
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A real-world logistics system,
including all actors as well as
physical, informational and
organizational processes involved

A digital dynamic simulation model
of the system including data,
behaviors, relations and states.

Figure 1. Digital supply chain twin.

The DSCT maps data, state, relations and behavior of the logistics system, including
physical, informational and organizational processes. It mimics the system’s behavior
using dynamic simulation capabilities. Therefore, any relevant information that can be
obtained by observing the real-world logistics system can optimally also be obtained by
observing the digital model. A DSCT acts as a tool for decision-makers in logistics and
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supply chain management to holistically improve logistics performance along the whole
customer order process through data-driven decision-making.

The data exchange between the logistics system and its DSCT can be characterized by
three attributes:

1.  Bidirectional: Data are exchanged in both directions. Changes in the state of the
logistics system therefore lead to changes in the state of the digital model. Similarly,
knowledge gained from the digital model leads to actions or decision-making in
the logistics system. A certain degree of automation regarding the data exchange is
explicitly not a prerequisite for a DSCT.

2. Timely: Data exchange takes place in a timely manner. The specific frequency is
determined by the use case. Continuous updates in real-time are explicitly not a
prerequisite for a DSCT, unless the use case requires this.

3. Long-term: The data exchange and thus the lifetime of the DSCT are designed for
continuous, long-term use. Digital simulation models created as part of project
activities or for one-time use are thus explicitly not to be considered DSCTs.

A dynamic simulation model is a model that enables dynamic experimentation, i.e., a
model on the basis of which time-sensitive simulation experiments can be performed [36].
This distinguishes the DSCT from other static digital models. Still, it does not exclusively
generate benefit by running simulation experiments. The range of value-adding methods
used in a DSCT can range from simple means of business intelligence like reporting
and monitoring to more advanced analytics tools like network optimization algorithms
or scenario analyses though simulation experiments. Likewise, several benefits might
arise from DSCT applications, such as agility, robustness, sustainability and efficiency
improvements. This definition is deliberately kept general, since a specific definition can
only be derived from a specific use case.

2.2. Scopes of DSCT

The scope of any DSCT is, in general, a logistics system. Still, the boundaries of
different logistics systems may vary greatly. Accordingly, the scope of a DSCT can also
vary, depending on whether an entire value network is examined, or merely a part of that
network. Following a top-down approach, different scopes are conceivable (see Figure 2):

e Network level: DSCT of a multi-stakeholder value network;
e Sitelevel: DSCT of a logistics site (warehouses, production facilities, ... );
o  Assetlevel: DT of a logistics asset (trucks, forklifts, ... ).

Network DSCT
Multi stakeholder
value network

Site DSCT
Logistics site

(e.g. warehouse,
manufacturing site)

Figure 2. Scopes of DSCTs.

First, it should be noted that logistics assets (such as trucks and forklifts) represent
atomic elements of a logistics system, but are not themselves considered logistics systems.
Therefore, the application of the DT concept to logistics assets falls within the domain of
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generic DT research. Such digital models should not be referred to as DSCT. Thus, this
research is clearly distinguished from generic research on digital twins (asset twins).

A distinct terminology is proposed to help classify DSCTs along a rough subdivision
regarding their scope. A twin at the network level of a logistics system (value network) is
defined as a “DSCT of a value network” or “network DSCT” for short. A network DSCT
might refer to a multi-stakeholder value network. A DSCT at the site level is referred to
as a “DSCT of a logistics site” or “site DSCT” for short. These twins might represent, for
example, warehouses or production facilities. Many use cases, which are often referred to
as “manufacturing twins” in literature, fall under this category.

One might find this counterintuitive at first, since “manufacturing twins” seems to be
a more accurate description of these cases. However, the authors’ intention is to emphasize
the fact that logistics systems on a site level are merely a part of a greater logistics system
on the macro level. Speaking of DSCTs on different levels, therefore, underlines the holistic
approach of LSCM. As in other comparable terms, the expression “supply chain” in DSCT
is used as a synonym for “in the field of LSCM” rather than “applied to supply chains”.
The term “supply chain analytics”, for example, describes the use of analytics in the field
of LSCM, without being limited to network level applications [38].

All subsystems of a given logistics system, whether at the macro or site level, can
also be depicted with a DSCT. However, this does not include atomic elements within the
logistics system, which may instead be subject to an asset twin. For example: a twin of a
tier 1 supplier network might be considered a network DSCT. A twin of an assembly line
or a picking area might be considered a site DSCT. A twin of a picking robot on the other
hand is considered an asset twin and therefore not a DSCT. The following Figure 3 shall
clarify the examined field of research.

DSCT

DIGITALSUPPLY CHAIN e NETWORK
TWIN DSCT
e SITE
DSCT

DIGITAL TWIN

RESEARCH

DIGITALTWIN

Figure 3. Research field of DT /DSCT.

3. Research Design

The methodological approach of this research is an SLR aiming to give an overview of
the current state of DSCT literature and more specifically the identification of application
areas, use cases and benefits of DSCT. The collected data are consequently aggregated,
following a systematic approach which is described later in this section. To conduct
a clearly structured literature analysis, the authors follow the methodology of Durach
et al. (2017) [39], who provide a coherent guideline for conducting SLR in LSCM. Similar
approaches have been conducted by other researchers in the field to answer comparably
equivalent research questions [40]. The process is divided into six procedural steps. The
first five steps are described in this section. The sixth step, reporting the results, is described
in Section 4.
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3.1. Define Research Question

A clear research question is first defined, which is considered the research objective
and is to be answered with the help of the SLR. Other stakeholders are involved in the
process at an early stage in order to highlight research gaps. In discussions with business
experts from a wide range of companies and industries as well as other researchers, the
authors have identified the need for a structured analysis of current DSCT literature.

For once, recent studies have emphasized the lack of a common understanding of
the term DSCT [6,15,16,23,28]. This was also confirmed through several expert interviews.
The interviewees were chosen based on expertise in LSCM innovations and/or advanced
experience in DSCT, simulation and supply chain analytics. A total of six interviews were
conducted. A uniform definition was established in Section 2.1, which subsequently was
challenged by the experts as well as the researchers. Accordingly, the first goal of this
SLR is to compare the authors’ definition with the existing literature to give a detailed
overview of the current state of the DSCT research field (RO1). Furthermore, even though
there are already some DSCTs being used in practice today [41], analyzing recent literature
shows the lack of consistent collections of application areas, use cases and benefits of DSCTs.
Hence, the primary research objective of this SLR is to identify application areas, use cases
and benefits of DSCT examined in current scientific literature (RO2 and RO3).

3.2. Determine Required Characteristics of Primary Studies

In this process, clear inclusion and/or exclusion criteria will be defined in order to be
able to clearly filter the literature to be examined on that basis. In this way, only relevant
literature is included. Additionally, limitations (e.g., restrictions on literature selection or
a specific time period) are defined and justified. A list of inclusion criteria is provided in
Table 2.

Table 2. Inclusion Criteria for the SLR.

Inclusion/Quality Criteria Rationale
The title and /or abstract must explicitly mention the DT Literature that merely mentions the DT concept as part of a
concept as the study focus. study with a different focus should be excluded.
The title and/or abstract must demonstrate that the authors As DSCTs are applied in the field of LSCM, the research area
conduct research in the area of LSCM. must be exactly that.

The scope of the examined twin must be either on the network  As pointed out in Section 2.2, the research on DSCT must be

level or on the site level.

The study language must be English or German.

distinct from asset-focused DT research.
English is the dominant research language in this field; still,
German is also included to extend the sample size.

The literatures must be either a scientific article or an extensive  Other forms of literature do not meet the scientific requirements.

trend study.

However, the articles are not reduced to peer-reviewed papers.

3.3. Retrieve Sample of Potentially Relevant Literature (“Baseline Sample”)

The analysis included two search methods. First, a database search method with a
predefined search string was conducted. The search string was created by the authors and
challenged by four additional researchers. This resulted in the following appropriate search
string. It combines key words from the fields of DSCT, DT and LSCM in the following
manner:

DSCT OR (DT AND LSCM)
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More specifically, it was composed as follows:

(“Digital Supply Chain Twin” OR “Digital Twin Supply Chain” OR “Supply Chain
Digital Twin” OR “Supply Chain Twin”
OR “Logistics Twin” OR “Digitaler Supply Chain Zwilling” OR
“Digitaler Logistik Zwilling”)
OR
((“Digital Twin” OR “Digitaler Zwilling”)
AND
(“Logistics” OR “Supply Chain” OR “Supply Network” OR “Supply Chainl
Management” OR “SCM” OR “Value Chain” OR “Value Network” OR “Supply*”)).

The search string was then used to scan three electronic databases:

Web of Science (126 articles, 8 January 2021);
EBCSO (74 articles, 8 January 2021);
IEEE (56 articles, 8 January 2021);

Which resulted in a total of 256 articles.

Secondly, a forward citation method was used. For that purpose, 10 key papers have
been identified by the authors beforehand. These key papers have been selected by the
authors as being the most relevant in the field of DSCT research. To minimize the risk of
missing relevant literature, the forward citation method was then applied to all key papers,
using the following database:

e  Google Scholar (124 articles, 31 January 2021);

Which resulted in a total of 124 articles. Altogether, the two search methods resulted in
a total of 380 articles. After removing the duplicates, a final baseline sample of 312 articles
remained.

3.4. Select Pertinent Literature (“Synthesis Sample”)

The prior established inclusion criteria were then applied to the baseline sample. Two
researchers reviewed the collection of papers that arose from the prior step independently.
If there was a disagreement between the two researchers, a third independent researcher
was consulted for his or her assessment. To check for a selector bias, Cohen’s Kappa was
calculated: Kappa = 0.73 [42]. A significant selector bias was therefore ruled out.

In this step, 246 articles were removed. Mostly, the first inclusion criterion was violated.
A great number of articles merely mention the DT concept in their abstract, but have an
overall different focus of research. Because some of the articles failed to meet not just
one but multiple criteria, further analysis of the literature selection was not conducted.
After applying the inclusion criteria, a final synthesis sample of 66 articles remained (see
Figure 4).

DATABASE SEARCH FOR\A:(AEES%ig:;ION/ DUPLICATES INCLUSION CRITERIA
X *  Forward Citation of *  Removal of «  Focuson DT
. f n .
Web of Science (126) Key Papers using Duplicates (68) «  Focus LSCM
+  EBSCO(74) .
«  IEEE(S6 Google Scholar -« Network/Site Level
(s6) English/German
Quality Criterion

Figure 4. Selection of literature.
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3.5. Synthesize Literature

The selected literature was brought together following a systematic analysis and
integration. Again, three researchers were involved in the process to minimize subjectivity.
First, a descriptive analysis of the data is described in Section 4.1 in accordance with RO1.

RO2 and RO3 of this work were to identify application areas of DSCTs as well as
individual use cases and their respective intended benefits. For this purpose, the literature
was first split according to its scope (network level or site level). Secondly, it was scanned
for specific use cases of DSCT. A use case was defined as a business process in the LSCM
context, which was supported through the use of a DSCT. While some articles did not
mention a specific DSCT use case [10,11], other articles mentioned more than one [32]. This
resulted in a list of 66 specific use cases.

This list was then scanned for use cases which were similar in regard to their aim,
scope and the respective processes they support. These cases were then aggregated, which
resulted in a conclusive list of 14 distinct use cases, each being described by one or more
papers. For each of these use cases, a list of benefits was derived from the respective articles by
three independent researchers. A benefit was defined as a positive impact on a performance
measure of the given logistics system. The use cases and benefits are further described in
Section 4.3, following RO3.

Furthermore, application areas were derived from the list of use cases. To this end, three
researchers independently used a bottom-up approach to group the use cases into application
areas. An application area was defined as a distinct area in the field of LSCM, including the
type of logistics system that was depicted by the DSCT. This resulted in a conclusive list
of five application areas. The application areas are further described in Section 4.2, following
RO2. An overview of the synthetization process is shown in Figure 5.

APPLICATION AREAS

*  Derivationof5
application areas

EXTRACTING SPECIFIC

USE CASES
*  Remove undefined *  Aggregationof
cases(5) specificuse cases
*  Addingadditional USE CASESAND
cases(5) BENEFITS

*  Aggregationof
benefits

Figure 5. Selection of literature.

4. Results
4.1. Descriptive Analysis of Existing Literature

To gain insight into the current developments in DSCT research, a descriptive analysis
of existing literature is executed. It examines to what extent the literature focuses on
network and site DSCTs, what methodological approaches are being applied to investigate
DSCTs and also to what extent the current literature is consistent with the proposed
definition.

Figure 6 shows the distribution of articles across the years of publication. In 2016 and
2017 only one article was identified each. From 2018 on, a noticeable positive trend has
been evident. In 2021 only two articles were found, which is due to the time in which the
literature search was conducted (8 January 2021). Accordingly, the number of articles is
expected to rise in 2021 as well.
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Figure 6. Publications per year.

An analysis of the research methodologies used shows that the majority of articles
(68%) follow a theoretical approach. Aside from a few literature reviews and others, most
of the articles are conceptual studies. In conceptual studies, the authors first develop a
theoretical model, framework or concept. They then often apply that concept to a practical
case for validation. However, these practical applications usually have a reduced level of
complexity and thus never exceed the level of a simple proof of concept. Some articles, for
example, describe the framework of a DSCT that is connected with a real-world supply
chain via IoT technology and is updated in real time. For validation, the respective authors
then merely create a digital simulation model (not a DSCT), which is neither connected
with the real world through sensors nor updated in real time.

As far as practical approaches go, all of the articles used case studies or experiments as
their primary method of data collection. In these studies, the respective authors conducted
experiments or case studies in real-world or lab environments. The particular DSCTs
focused mainly on the site level. They often ran simulation experiments and sometimes
even evaluated the positive effects of the DSCT use on their LSCM performance. An
overview is given in Figure 7.

50

45 other
40 ; :

M |iterature review
35

30 B conceptual study

25 M case study/ experiment
20
15
10

PRACTICAL THEORETICAL

Figure 7. Methodologies in DSCT research.

To validate the authors’ definition of DSCT, an analysis was carried out to evaluate the
agreement of current scientific literature with different aspects of our definition. When no
specific definition was given in the article, a general understanding of DSCT was derived
from the contents of the article.

Only 11 articles (17%) speak of DSCT or comparable expressions like “Digital Twin
Supply Chain” or “Supply Chain Digital Twin”. The majority of articles talk about “Digital
Twins”, even in the context of LSCM. This underlines the authors” argument for the need
for a distinct term, as it makes it difficult to distinguish this research from the research on
asset twins. Most of the articles (88%) include simulation capabilities in their concept of a
DSCT. Concerning the data link, all the articles support the idea of it being bidirectional,
and most of them (95%) say this data link has to be long term. Concerning the update
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frequency, 65% of articles specify the real-time capabilities of the DSCT. Only 35% of the
articles do not specifically talk about real-time but rather about timely updates. The authors
conclude that most of the articles” understanding of the term DSCT is in accordance with
the definition given in Section 2.1 (see Figure 8). Although most of the articles stress the
(near) real-time capabilities of a DSCT, this does not contradict the proposed definition, as
it is solely a specification for these specific use cases.

63
58
23 Disagree
me
DSCT/DT Simulation model Bidirectionality Timely / (near) real-time Long-term

Figure 8. Agreement with the DSCT definition in literature.

Lastly, in accordance with Section 2.2, an analysis of the described scopes of DSCTs
was carried out. Some articles, which did not specify a scope, were not included.

Only 36% of articles describe a DSCT on the network level. Most articles discuss DSCT
on the site level. The first occurrence of a DSCT on the network level was in 2018. Since
then, a noticeable positive trend has been evident. Still, site DSCT has risen even more
sharply since 2018. In 2020, there were more than twice as many articles on site DSCT in
comparison to network DSCT. An overview is given in Figure 9.

25 i 23
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Figure 9. Scope of DSCTs over the years.

It should be noted that the search string was designed to especially identify DSCT on
the network level. Key words like “Manufacturing Twin” or “Factory Twin” would have
probably found even more site DSCT. Therefore, network DSCT is probably even more
underrepresented in scientific literature than this analysis might imply.

4.2. Application Areas of DSCT

Based on the above-mentioned systematic research process involving three researchers,
five application areas were identified in total, which are shown in Figure 10.
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Figure 10. Application areas of DSCT.

On the network level, two application areas were identified: network management and
transportation. Network management deals with management and supervision of value
networks. This includes tasks like risk management, multi-echelon inventory manage-
ment and sustainability assessment. This area is very broad and tackles LSCM problems
holistically. The adequate DSCT represents the whole value system including all relevant
stakeholders. Users of this area might be, for example, companies in the manufacturing in-
dustry with a (globally) distributed network of sites and suppliers, including stakeholders
from other links in the value system.

The area of transportation includes use cases related to the transportation of goods
and materials on the network level. Only a single use case was identified in the given data:
transport management. Strictly speaking, transportation is of course part of network man-
agement and could therefore be included in the former category. However, the according
DSCT describes not the whole value system, but merely a part of it: a (synchromodal)
transport network. While still being on the network level, this DSCT, in contrast, depicts
only the network entities needed for transportation purposes. Value-adding processes like
manufacturing are therefore not included. The authors of this work conclude that this
application area should be viewed distinctively due to its different requirements concern-
ing stakeholders and processes. Users of this area could be, for example, digital freight
forwarding companies.

On the site level, there were three application areas identified: manufacturing, ware-
housing and cargo handling. Manufacturing is the area with by far the most use cases.
Manufacturing involves tasks which are related to the production of goods, like production
planning and controlling or shopfloor management. A DSCT in this area represents a
production facility, which can be a manufacturing site, a construction site or a shipyard.
Users of this area might be production planners or factory managers.

Warehousing includes use cases which are related to facilities that store, move and
retrieve goods and materials. Two use cases of this area were found in the data: ware-
house management and material handling. The respective DSCT depicts a warehouse or
distribution center (DC). Users of this area might be LSCM executives at these facilities.
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Lastly, there is the area of cargo handling. Cargo handling takes place at sites which
are considered to be logistics infrastructure, such as airports, ports or industrial parks. Two
use cases were identified in the data: outdoor vehicle dispatching and cargo load planning.
The fitting DSCT consists of the site as well as the throughput.

Until further research concludes otherwise, this list of application areas seems to be
exhaustive given the authors’ definition of DSCT. Each area is distinctive concerning the
users, possible use cases and specific scope of the DSCT. This consequently leads to different
technological and processual requirements for each area. Further research should look
into these requirements, as it will give researchers and practitioners a better sense of the
implementation costs of a DSCT in any given application area.

4.3. Use Cases and Benefits of DSCT

Through the SLR process, 14 use cases have been synthesized, building on 66 concrete
applications documented in the literature. Tables 3 and 4 outline the main characteristics
and main benefits of applications in each use case cluster on the network and site level.
On the network level, there were six use cases described in the analyzed papers: trans-
port planning, material lifecycle management, multi-echelon inventory management and
production planning, risk management and sustainability assessment.

Risk management, being the most prominent use case on the network level, is men-
tioned in six articles. As one of the key capabilities of a DSCT is to run what-if scenarios,
the assessment of risks and the testing of contingency plans seem to be a sensible ap-
plication. Multi-echelon inventory management and production planning also benefit
from the use of a DSCT, as it not only provides a network-wide transparency of inventory
and production, but also provides the analytical capabilities to optimize production and
inventory strategies. More exceptional use cases are material lifecycle management and
sustainability assessment. Both of these applications increase the ecological sustainability
of the value system. Lastly, there is the use case of transport planning. It is the only use
case in the application area of transportation, where the DSCT depicts not a whole value
system, but only a transport network. Still, this case seems to benefit greatly from the use
of a DSCT, as it can guide decision-makers in the face of dynamic changes in transportation
processes.

As far as the benefits go, all identified use cases of network DSCT seem to have similar
potential. The use of a DSCT first improves supply chain transparency, since it is an
accurate representation of the real value system. Secondly, it achieves improved supply
chain performance through a higher reaction speed, and overall improved flexibility and
resilience. The simulation capabilities once again play a major role in the DSCT’s value
creation, since they allow the user to test how the logistics system will react under certain
circumstances. This knowledge improves the user’s ability to make fact-based decisions.

The use cases and their respective benefits are described in detail in the following table.

Furthermore, there were eight use cases identified on the site level: cargo load planning,
warehouse management, material handling, outdoor and indoor vehicle dispatching,
shopfloor management, production planning and production controlling.

Production controlling and production planning are by far the most prominent use
cases. This was to be expected, as the use of cyber-physical systems (CPS) in digital
factories has been relevant in academia and practice for years, laying the foundation for the
implementation of site DSCT in manufacturing. Other use cases in this application area are
shopfloor management, where the DSCT is used as a digital meeting point for executives,
and indoor vehicle dispatching, where a fleet of vehicles is monitored and controlled
using a DSCT. In the area of warehousing, warehouse management uses the DSCT of a DC
or warehouse to plan all processes related to on-site inventory, while material handling
deals with operative process efficiency in parts of storing facilities. Lastly, in the area of
cargo handling, there is outdoor vehicle dispatching, where the DSCT is used to optimize
the scheduling of a fleet of vehicles, and cargo load planning, where a certain process is
being supported through the use of a DSCT depicting a certain section of the site.
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Table 3. Use cases and benefits of network DSCT.
Use Case Application Area Description Benefits References
The DSCT depicts the supply chain nodes, transportation processes and other
dynamic processes at ports and terminals. It aims to operationalize and Transparencyof Transportation Processes
Transportation syr.lchromze the system in real time l?ased on data feeds and feedback loops that  Increased Ft‘ll Rutes. N Ambra and Macharis (2020) [22];
Transport guide all the stakeholders and decision-makers. The DSCT can simulate the Transportation Flexibility ;
. (Synchromodal) Transport . . . . . Carvalho et al. (2020) [43];
Planning Notworks near-future and therefore estimate where assets will be in a few hours based on  Service Level Reliability Semenov et al. (2020) [44]
congestion levels and infrastructural developments. The decision-maker might  Network Resilience ’
use this information to re-route freight, assess modal shift or adjust load factors ~ Higher Reaction Speed
and vessel speeds. In this way she is able to react to disruptions more effectively.
The DSCT represents products and their respective prgd_uchon processes in Transparencyof Material Flow
. urban areas. It aims to support the concept of urban mining through identifying .
Material . . . . Reduced Material Waste
. Network Management recycling potential in urban value chains. Materials at the end of the use phase . .
Lifecycle . . : : Improved Material Efficiency Pehlken and Baumann (2020) [45]
Value Systems or byproducts are identified and integrated as the new life cycle starts. The .
Management Decreased Energy Consumption

DSCT therefore provides the base for sustainable cascade use of materials across
interconnected production networks.

Improved Ecological Sustainability

Multi-Echelon

The DSCT represents a value system from suppliers to customers. This digital

Transparencyof Network-wide Inventory
Elimination of Bottlenecks

Network Management model is used to test various transport and inventory policies by carrying out Reduced Inventory
Inventory - - . . . . Semenov et al. (2020) [44]
Value Systems simulation experiments and measuring their effect on the performance of the Improved Service Level
Management lowist . .
ogistics systems. Reduced Lead Timelncreased Economic
Efficiency
The DSCT represents a.value system frgrn suppliers to customers. .Data abo.u.t ‘ Ivanov and Dolgui (2019) [46];
customer demand, business processes, inventory policies, productive capacities  Supply Chain Transparency
1 . . - . e Semenov et al. (2020) [44]; Ivanov
. and facility locations are gathered and fed into the simulation model. The model  Elimination of Bottlenecks . .
Risk Network Management is permanently being updated, so disruptions are being monitored in real time.  Supply Chain Flexibilit and Dolgui (2020) [20]; Barykin
Management Value Systems p 4 & up ¢ P & ) PPy Y et al. (2020) [47];

Then, what-if scenarios are run to test contingency plans accordingly. The user is
therefore able to: (1) know about supply chain disruptions in real time; and (2)
react to these disruptions more effectively and efficiently.

Network Resilience
Higher Reaction Speed

Marmolejo-Saucedo (2020) [48];
Ivanov et al. (2019) [29]

Multi-Echelon
Production Planning

Network Management
(Manufacturing)
Value Systems

The DSCT depicts a value system, more specifically a multi-level manufacturing
system. It reflects the current status of the network in terms of customer
demand, product and resource inventory as well as productive capacities. As the
model is being updated, production planning and scheduling are synchronized
to adjust to dynamic fluctuations like the bullwhip effect or the ripple effect. It
therefore allows the user to perform efficient supply chain control.

Transparencyof Network-wide Production
Reduced Downtimes

Production Flexibility

Network Resilience

Park et al. (2020) [49]

Sustainability
Assessment

Network Management
Value Systems

The DSCT depicts a value system from suppliers to customers. The digital
model is used to evaluate different scenarios in terms of their sustainability. As
the system’s components change, for example, production techniques, modes of
transportations or amount of demand fulfilled, the model is able to assess the
sustainability of these scenarios before they occur. This way, the user is able to
adjust her decision-making process accordingly.

Supply Chain Transparency
Increased Ecological Sustainability

Barni et al. (2018) [50]
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Table 4. Use cases and benefits of site DSCT.
Use Case Application Area Description Benefits References
. The DSCT depicts an outdoor handling location (e.g., ports, airports or industrial parks) Fleet Transparency
Cargo Handling e . i . o . .
Outdoor . within a value system, including the area, vehicles and processes specific to the site. The Reduced Lead Time .
X Industrial Parks . . . . L. . . R, Hofmann and Branding (2019) [51];
Vehicle Airorts DSCT is able to tackle vehicle routing problems by reacting to eventualities in real time and  Service Level Reliability Pan et al. (2020) [52]
Dispatching Por]fs re-routing the vehicles efficiently. In this way, optimal and robust dispatching policies on site  Process Resilience ’
can be assured. The dispatcher on site might include the DSCT in her decision process. Increased Process Efficiency
The DSCT depicts a cargo terminal within a handling location (e.g., airport cargo terminals),
. including load carriers, infrastructural elements as well as the cargo itself. It aims to
Cargo Handling L . o e - . Cargo Transparency
. maximize the load carrier volume utilization through positioning the load efficiently while .
Cargo Load Industrial Parks A e . Increased Fill Rates
. . considering specific requirements of the load (e.g., dangerous goods). The load planner o Wong et al. (2020) [53]
Planning Airports . . . - . Process Resilience
might use the DSCT to better adjust load plans through simulation experiments so they are .
Ports > . - . . ; L Increased Process Efficiency
optimally integrated into the overall supply chain processes. Virtual reality applications are
conceivable to support the process.
The DSCT depicts a warehouse or distribution center, including the site infrastructure as well In'ventory Trufisp arency
. - - - . Higher Reaction Speed
Warehousing as the inventory itself. The twin acts as a decision support tool for warehouse management e . .
Warehouse g . . . N . . Storage Flexibility Baruffaldi et al. (2018) [54]; Agalianos
DCs processes. The inventory is monitored almost in real time in synch with the WMS in place. .
Management . . .. .. Reduced Lead Time et al. (2020) [55]
Warehouses The warehouse manager might use the twin to optimize storage policies and reduce lead .
. . . Improved Service Level
time through more efficient retrieval processes. . o
Site Resilience
The DSCT depicts a warehouse or distribution center (or parts of it), where material is
.y . . . . Inventory Transparency
. transported within a site. The model focusses on the transportation of inventory and might oy
. Warehousing . . Lo . Process Resilience
Material therefore refer to the site-specific transportation infrastructure (e.g., conveyor systems). It is . . .
. DCs - . . Increased Process Efficiency Ashrafian et al. (2019) [56]
Handling used to efficiently plan and control the flow of materials through the system, acting as a .
Warehouses . . - . ) Reduced Lead Times
decision support tool and even enabling the planning and controlling of throughput in S
hi Elimination of Bottlenecks
ighly automated systems.
Boschert and Rosen (2018) [57]; Rosen
The DSCT depicts a manufacturing site within a value system, which might also be a Production Transparency etal. (2019) [58]; Lu et al. (2019) [59];
Manufacturing construction site or a shipyard. The model contains the entire operational data of Production Flexibility Zhou, et al. (2019) [60]; Hauge et al.
Production Manufacturing Sites components, machines and systems needed for production and thus forms a digital Planning Resilience (2020) [61]; Park et al. (2020) [62];
Planning Construction Sites ecosystem. By using its simulation capability, it can be used for long- and medium-term Higher Reaction Speed Gallego-Garcia et al. (2019) [63];
Shipyards planning. A wide variety of scenarios can be run in order to implement the best possible Reduced Lead Time Makarova et al. (2020) [64]; Dolgov et al.
solution in production. This use case is examined frequently in scientific literature. Elimination of Bottlenecks (2020) [65]; Wang, et al. (2020) [66];
Agostino et al. (2020) [67]
The DSCT depicts a manufacturing site within a value system, which might also be a Production Transparenc Jeong et al. (2020) [68]; Zhang et al.
construction site or a shipyard. The model contains the entire operational data of . sparency (2020) [69]; Min et al. (2019) [70]; Wang
. . - . Production Flexibility
Manufacturing components, machines and systems needed for production and thus forms a digital Hioher Reaction Speed et al. (2020b) [21]; Guo et al. (2020) [71];
Production Manufacturing Sites ecosystem. Although it depicts the same scope as the DSCT used for production planning, its 3 ' P Herakovic et al. (2019) [72]; Mykoniatis
. - ) . . . . Reduced Lead Time .
Controlling Construction Sites tasks differ as planning and controlling of production are different tasks themselves. Elimination of Bottlenecks and Harris (2021) [73]; Pang et al. (2021)
Shipyards Production controllers might use this twin as a short- to mid-term decision support tool. [74];Makarova et al. (2020) [64]; Dolgov

Problems within production can be detected in real time, and faults can be solved very
flexibly and quickly.

Increased Process Efficiency
Process Resilience

et al. (2020) [65]; Wang, et al. (2020) [66];
Agostino et al. (2020) [67]




Logistics 2021, 5, 86

17 of 24

Table 4. Cont.

Use Case Application Area Description Benefits References
The DSCT represents the transportation processes at an indoor facility. The area of the site (or Fleet Transparenc
Manufacturing parts of it) as well as the fleet of vehicles on site are included in the digital model. The DSCT Reduced LeZ d Timli
Indoor Vehicle Manufacturing Sites is able to tackle vehicle routing problems by reacting to eventualities in real time and . L Yao et al. (2018) [75]; Eschemann et al.
. . . . . . . . . Service Level Reliability
Dispatching Construction Sites re-routing the vehicles efficiently. The DSCT acts as a decision support tool for production oy (2020) [76]
. 1 T . Process Resilience
Shipyards planners. They are therefore able to better plan the providing of material in the production Increased Process Efficienc
process. With this twin, it is also possible to schedule and control a fleet of AGVs. Y
. The DSCT depicts a manufacturing site on the floor level, including all relevant parts of the
Manufacturing P . li hi ¢ .
Shopfloor Manufacturing Sites manufacturing process like machines, robots, conveyor systems or means of transportation. ~ Shopfloor Transparency
. . This digital representation of the shopfloor enables executives to obtain a picture of the state  Increased Operational Efficiency Brenner and Hummel (2017) [77]
Management Construction Sites £ th | oroducti dailv basi heref bl d Plannine Resili
Shipyards of the real production processes on a daily basis. Users are therefore able to attend to anning Restlience

shopfloor meetings without the need for a physical gathering.
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As opposed to network DSCT, the identified use cases of site DSCT often concentrate
on a specific process within the value system and aim for improvements in terms of process
efficiency. Still, transparency is found in all use cases as a basic benefit. Other than that, the
benefits depend largely on the given use case. Increased site-wide flexibility and resilience
are mentioned rather frequently as benefits as well.

The use cases and their respective benefits are described in detail in the following table.

Regarding this list of use cases, the authors make no claim of completeness, neither at
the network level nor at the site level. This combined list of use cases is merely a collection
of distinctive examples, which have been described in past scientific literature. The authors
could easily think of several more use cases in some of the application areas, especially on the
site level. Indoor vehicle dispatching, for example, is also conceivable in a warehousing
context, but no such use case has been found during our research.

Moreover, the extent of these scientific investigations differs widely across the different
use cases. While some have only been described by one paper, others have up to twelve
references. This list is therefore not considered exhaustive, though it gives a good overview
of the current state of use cases of DSCT which are being discussed in scientific literature.

5. Implications

This review gives a broad overview of the current state of DSCT research. While
literature reviews concerning this topic have already been conducted in the past [10,11,55],
they were either brief or focused on certain aspects of the DSCT concept like the use of
agent-based modeling. A broad overview with a focus on the holistic approach of LSCM is
therefore new and of great use to researchers and practitioners who are concerned with
DSCT.

The conceptual clarification should help to frame the field of DSCT research and give
readers a clear understanding of the concept, since current scientific literature shows the
lack of common understanding of the term. Moreover, it was made clear that DT concepts
in the context of LSCM differ greatly from asset-based DTs and must therefore be addressed
distinctively in scientific research. This field of research, as proposed by the authors, should
follow a unified definition, which was suggested in Section 2.1. Furthermore, possible
scopes of DSCT were derived from theoretical and practical knowledge of logistics systems
in Section 2.2. This will help researchers and practitioners as it defines the boundaries and
provides a distinct vocabulary for discussing the topic of DSCT.

The analyzed literature mostly agrees with the authors’ understanding of DSCT,
even though the term “Digital Supply Chain Twin” is rarely used. It is evident that the
simulation capability is a key characteristic of a DSCT, since it allows the performance of
what-if analyses in a dynamic environment. This is an important feature when it comes to
handling complex systems such as the ones evident in LSCM. When it comes to real-time
capabilities, most sources name them as an important feature of the DSCT. The authors
agree that this is definitely the case in some applications, where real-time updates are of
great importance. Still, there are also cases where a timely update is enough. Think about
the container vessel, which transports goods from Asia to Europe. There is no need to
update its location in real time; still, it can be of importance in a DSCT. All in all, the authors
did not find any evidence that greatly contradicts the given definition. Still, it should be
stated that this conceptual clarification is merely a first attempt at describing the DSCT and
therefore requires further discussion and clarification. DSCT research is still in its infancy
and the proposed approach has to evolve with future research.

The literature showed a positive trend in the amount of research on DSCT. That
work is, as of now, mostly theoretical. As more practical DSCT applications are being
implemented in the real world, research should move into a practical direction as well,
to put all the theoretical models, frameworks and concepts to work. It was also evident
that most use cases are on the site level. Since the authors searched for DSCT in particular
and did not include search terms like “Manufacturing Twins” or “Factory Twins”, site
DSCTs probably outnumber network DSCTs by an even greater amount than shown in this
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analysis. To put this into the perspective of our research, manufacturing seems to be, as
of now, the most extensively researched application area of DSCTs. It can be assumed that
due to further technological development, increasingly complex systems can be mapped
with the help of a DSCT. Thus, the representation of an entire value system is the logical
conclusion of this development. Future practical implementations of site and especially
network DSCT will show if the DSCT concept is as disruptive as the past theoretical work
implies.

Five application areas have been identified during this research, two on the network
level and three on the site level. These areas depict different scopes and components of
value systems and therefore have different processual and technological requirements,
different users and different use cases. Acknowledging these application areas will allow
researchers to direct their research more precisely. Practitioners might benefit from this
by identifying the fitting DSCT for their business application. Further research should
look into the distinct requirements for DSCTs of different application areas to give users an
even better idea of what is needed for a practical implementation. As opposed to current
trend studies from the industry [6], the five application areas do not only put DSCT into
perspective of LSCM, but also put the different application areas into perspective to one
another. This underlines the holistic approach of LSCM. One can think of a network DSCT
of a value system, where a DC is merely an element with a specific location, capacity,
process times, etc. Combining this with a site DSCT of a DC would therefore improve the
level of detail of the whole system. The interdependencies of DSCTs of different application
areas are yet to be explored.

Furthermore, 14 use cases have been identified. An extensive collection like this is
new in DSCT literature. Six of the use cases are on the network level, while eight are on
the site level. The authors once more want to emphasize that this is not an exhaustive
list. Many more use cases are feasible given the five application areas. On the network level,
most use cases are in the area of network management, the most prominent one being risk
management. These cases differ due to the different business processes they support. Still,
it is evident that all DSCTs are decision support tools, which draw great value from running
what-if scenarios and testing outcomes of different actions. In the area of transportation,
there is the use case of transport planning. An interesting finding is that even though this
DSCT is also on the network level, it differs from the area of network management in
respect to what the simulation model depicts.

On the site level, most use cases are found in manufacturing. However, as there are
similar time-critical processes in warehousing and cargo handling, it seems logical for
practitioners and researchers to shift their attention to these application areas as well. Most
use cases in site DSCTs concentrate on a certain process within the value system to achieve
process efficiency. Therefore, several use cases on the site level might be combined to
improve the overall performance of a given site. Due to the small-scaled nature of site
DSCT, their real-time capability seems to be of greater importance than it is in network
DSCT.

Together with the 14 use cases, a collection of benefits has been derived from literature. A
collection like this is also new in DSCT literature. On the network level the benefits provided
by the DSCT are mostly strategic. Network DSCTs improve supply chain visibility as well
as resilience and flexibility. These benefits seem to apply to the value system as a whole and
add to an overall increased supply chain performance. Benefits on the site level on the other
hand seem to be more small-scaled, tactical and operational improvements. Site DSCTs
improve site visibility, reduce lead and reaction times and improve process efficiency.

Managerial implications are that network and site DSCTs seem to have different
technological requirements and also aim to improve different dimensions of supply chain
performance. Depending on the use case, a DSCT must have a certain set of capabilities
and a sufficiently detailed simulation model. This leads to different levels of expense for
the implementation of a DSCT. To put this into perspective with the value generated, a
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simulation model might be used beforehand as a means of quantifying the intended benefits.
When deciding on the right DSCT, this should be kept in mind.

These findings should present a basis for future research in the field of DSCT and
make it easier for researchers and practitioners in LSCM to discuss DSCTs by providing a
common understanding of the term and its subject terminology. By providing an extensive
overview of use cases, application areas and benefits of DSCT, this paper is a first attempt at
making the broad field of DSCT research tangible.

6. Conclusions and Final Remarks

In conclusion, the aim of this paper was to describe the distinct characteristics and
scopes of DSCT in LSCM literature and derive a unified definition of DSCT (RO1), to
synthesize the application areas of DSCT in LSCM (RO2) and to consolidate specific DSCT
use cases and their intended individual benefits (RO3). All RO have been met sufficiently
by the authors. The conceptual clarification in Section 2 provides a clear understanding of
DSCTs and is in line with the majority of literature. Furthermore, the identified application
areas of DSCT provide a broad categorization of applications in LSCM. They also put
the different application areas into perspective with one another, which underlines the
holistic approach of LSCM. Lastly, the identified use cases form a first collection of possible
applications of DSCT, given the vast amount of possibilities in LSCM, while also providing
a list of intended benefits for each use case. In doing so, the authors also give an overview of
the different potential of network and site DSCT.

Still, this study is not without limitations which shall be addressed in the following
paragraph. First, when conducting the search string, the included terms clearly pointed
in the direction of network DSCT. Therefore, site DSCT might be underrepresented in
comparison to all current literature on DSCT. However, as the authors” intentions were
to identify use cases of both network and site DSCT, going into detail for some use cases in
manufacturing would not have provided much additional value. Secondly, the examined
literature consisted mostly of scientific papers, while empirical studies from the industry
are necessary to gain more knowledge about the use cases and the actual benefits of DSCTs.
Still, this procedure seems to be in line with the SLR method, which was used in this paper.
Lastly, the identified list of use cases is not exhaustive and the number of article references
is unevenly distributed among them. It is debatable if use cases, which are only being
described by one paper, can be seen as a use case cluster (e.g., shopfloor management).
Therefore, this list has to be viewed as a work in progress.

This work lays the foundation for a variety of future research. First, researchers should
look into the five identified application areas. This paper has outlined the distinct scope of
these areas. Their different processual and technological requirements should be examined.
Next, the list of use cases needs to be extended, as it is solely a work in progress. In the
future, as the amount of use cases increases in size, it should be further categorized. Lastly,
the benefits collected were merely quantitative. Future research should quantify them and
subsequently put them into perspective with the costs of implementation of a DSCT [22].
For this purpose, it would be beneficial to conduct an extensive empirical study of the
degree of maturity and the level of realized implementation in the industry. This study
should help to give an overview of the state of DSCTs which are currently being used in
practice, as well as the readiness of LSCM companies to implement a DSCT.

All in all, while DSCTs are extensively being applied in manufacturing, implementing
a network DSCT is still very rare. In academia, there are therefore not many examinations
of network DSCT. As they promise strategic improvements in terms of supply chain
performance they should gain more attention in the future, in both academia and practice.
The authors of this paper hope to have underlined the potential of network and site DSCTs
in LSCM as well as their interdependencies and thereby provide guidance for researchers
and managers who have an interest in the subject of DSCTs.
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