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ABSTRACT Driven by the IoT technology and smart sensors development in Industry 5.0, the digital
twin as an innovative information technology brings new opportunities and challenges for intelligent
maritime logistics management. This paper tries to present a systematic review on digital twin-empowered
smart maritime logistics management by employing a bibliometric analysis framework under the Industry
5.0 era. The 3372 related publications from the Web of Science database are collected as research samples
from 2003 to 2023. Besides, the VosViewer is adopted to perform the co-word and network analysis
by visualizing interactive collaborations of published literature. Specifically, more than 3,000 articles on
maritime logistics were reviewed to determine the research trajectories and main themes through same-word
study and co-citation analysis. Results show that most publications on maritime logistics management are
concentrated in China and the United States, where maritime logistics is developing towards digitization and
informatization. In particular, Sustainability,Maritime Policy&Management, and Journal ofMarine Science
and Engineering are the most important journals focusing on maritime logistics management. Moreover,
we hope this review study serves as a future direction on digital twin-empowered smart maritime logistics
management practices for both researchers and practitioners.

INDEX TERMS Industry 5.0, digital twin, smart maritime logistics, bibliometrics analysis.

I. INTRODUCTION
In the era of Industry 5.0, digital technology is regarded as
one of crucial drivers to promote the transformation of the
manufacturing industry. Digital twin technology is gaining
attention as an innovative solution, not just in manufacturing
but also in the maritime transportation management field [1].
Therefore, its empowering role in this sector is noteworthy.

The associate editor coordinating the review of this manuscript and

approving it for publication was Derek Abbott .

Against the backdrop of deepening global economic inte-
gration, maritime transportation accounts for 90% of foreign
trade cargo transportation, which plays a critical role in
international trade [2]. Recently, the new industrial and
technological revolutions have brought increasingly diverse
challenges to maritime transportation management. The mar-
itime transport sector requires innovative solutions to cope
with challenges such as supply chain congestion, efficient
port operations, and decarbonization achievement of the
shipping industry [3]. Smart Maritime Transportation Man-
agement is devoted to enhancing the operational efficiency,
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safety, and sustainability of themaritime transportation sector
through the integration of advanced technologies such as
digital technology, data intelligence [4], and the Internet of
Things (IoT) [5] under industry 5.0. Digital twin technol-
ogy, with its exclusive simulation and emulation capabilities,
brings new vigor and opportunities to the innovative practices
of smart maritime management.

The notion of the digital twin was initially introduced
by Michael Grieves in 2002, whose fundamental principle
involves the mapping and synchronization of physical enti-
ties in real time to attain a virtual representation of said
entities by means of digital models [6]. In the context of
Industry 5.0, the digital twin has evolved beyond a simple
simulation of the manufacturing process and now acts as a
bridge that connects reality and virtualization, offering fresh
insights and solutions for managing maritime transporta-
tion [7]. As underwater communication technology continues
to develop, digital twins are positioned to play a signifi-
cant role in autonomous submarines and other underwater
applications [8]. Currently, the international shipping market
is greatly impacted by global communication trends. Due
to the real-time virtual-physical mapping capability, digital
twin technology shows its advantages by providing efficient
solutions for ship manufacturers and shipping companies in
addressing future challenges.

To promote maritime logistics development, there are vast
majority of research topics in maritime logistics including
pricing strategies [9], [10], [11], risk analysis [12], [13],
[14], emergency management [15], [16], [17], supply chain
design [18], [19], [20] and network optimization etc., [21],
[22], [23], and [24]. Recently, previous publications have
conducted literature reviews from different perspectives, for
instance, green ports [25], simulation optimization [26],
marine fuels [27], and navigation education [28] in the pro-
cess of exploring the field of maritime logistics. However,
the research topics related to intelligent maritime manage-
ment still need to be systematically organized and there is
little review work on the digital twin technology-empowered
maritime logistics area. To help better understand the state-of-
the-art knowledge of maritime logistics, we aim to contribute
to propelling the entire maritime transportation industry
towards a smarter, more efficient, and sustainable direction
through in-depth research on the application of digital twin
technology in smart maritime transportation management.
The research objectives of this paper are to employ biblio-
metrics and information visualization and analysis techniques
to (1) attain a comprehensive overview of the literature on
maritime management, and (2) subsequently conduct a bib-
liometric study on intelligent maritime management using
digital twin technology, aiming to discern research hotspots
and cutting-edge trends.

The remainder of the paper is organized as follows:
Section II presents the theoretical backgrounds of crucial
concepts. The research design for the bibliometric review and
the source of the sample data are addressed in Section III.

Section IV discloses the research findings, and the related
hot themes are also discussed. Finally, we conclude this paper
with some key insights.

II. THEORETICAL BACKGROUNDS
A. DIGITAL TWIN
Digital Twin technology is an advanced and widely applied
concept across various industries and domains. The con-
cept was initially proposed by Michael Grieves in 2002 [6],
defining Digital Twin as the virtual representation of a phys-
ical product, forming the foundation for Product Lifecycle
Management. In 2012, Glaessgen and Stargel discussed the
application of Digital Twin in a paper for NASA and the
U.S. Air Force, where simulation and the vehicle’s onboard
computer were combined to predict the vehicle’s lifespan,
enhancing safety and reliability [29]. Chen defined Digital
Twin as a computerized model of a physical device or system,
representing all functional characteristics and connections
with working elements.While various scholars have provided
different interpretations of Digital Twin, the core definition
remains consistent – Digital Twin effortlessly integrates data
bidirectionally between the physical and virtual machine in
either direction [30].

Currently, the concept and terminology of digital twins
are extensively utilized in academia. To enhance the effi-
ciency of the warehouse service system, Leng et al. [31]
integrates real-time warehouse data into a digital twin net-
work model for optimal decision-making. This optimization
aims to enhance the flexibility and agility of the warehouse
system. Simultaneously, the integration of digital twin tech-
nology into a company’s logistics supply chain improves
supply chain visibility, enabling the construction of reliable
logistics movement models and the prediction of potential
vulnerabilities that might be overlooked [32]. Considering
the security challenges in modern marine transportation sys-
tems, Liu et al. [33] introduces digital twins (DTs) and IoT
technologies to establish a model for maritime transportation
DTs. Simultaneously, the integration of digital twin technol-
ogy into a company’s logistics supply chain improves supply
chain visibility.

The incorporation of new technologies has spurred the
movement toward digitalization, networking, and greater
intelligence within the logistics sector. The integration of the
digital twin idea within maritime logistics promises to propel
the industry into a new dimension.

B. SMART MARITIME LOGISTICS
The enhancement of the shipping route network, combined
with its cost-effectiveness and substantial capacity, positions
maritime transportation as the primary option for bulk com-
modity trade [34]. Compared with other logistics, maritime
logistics has a longer chain, more links, and more partici-
pants, which enhances the uncertainty of maritime logistics.
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New cognitive computing methods are driving the devel-
opment of smart ports by driving technological innovation
and changes in the way seaports operate. Hokey Min [35]
combines smart ports for the underlying architecture and
presents the idea of monitoring smart ports. The digital and
integrated end of the smart port increases the utilization of
port assets and improves the visibility of maritime logis-
tics. As maritime transport becomes important as countries
become more connected, Monzon Baeza V [36] has designed
a ship communication system based on IoT connected smart
devices to ensure the status of cargo and safety at sea.

In the current era of rapid maritime transportation develop-
ment, scholars are increasingly expressing concerns regard-
ing its environmental impact. Hanna Dijkstra is actively
engaged in research aimed at mitigating marine plastic pol-
lution while concurrently fostering economic growth and
environmental benefits to contribute to the Blue Econ-
omy [37]. Additionally, Wei Yao has conducted empirical
investigations into the effects of the Digital Economy (DE)
on the efficiency of marine carbon emissions [38]. Employ-
ing both a mediated effects model and a spatial Durbin
model in the research, Yao suggests the need to reinforce
regional carbon emission reduction exchanges. The emer-
gence of new technologies catalyzes digital transformation,
and a fuzzy Technological Innovation System Management
(TISM) approach is employed to address the challenges asso-
ciated with digitization [39].
The logistics industry is facing a severe test under the fierce

market competition [40]. The new technological revolution
has been the driving force for the development of maritime
logistics in the direction of intelligence.

C. INDUSTRY 5.0
Industry 5.0 aims to improve industrial sustainability, human-
centricity, and resilience. While Industry 4.0 emphasizes
technology-driven industrial paradigm shifts through the inte-
gration of advanced digital technologies (e.g., automation,
big data, and artificial intelligence) to enhance manufacturing
process efficiency and profitability, Industry 5.0 places a
stronger emphasis on human involvement and creativity [41],
[42]. Industry 5.0 emphasizes human involvement through
enhancements in human-machine interaction, digital twins
and simulation, big data analytics, and renewable energy
technologies [43]. This approach intends to synergize human
wisdom with machine intelligence to achieve a more bal-
anced and sustainable manufacturing model, as compared
to Industry 4.0. The primary goal of Industry 5.0 is to
establish a manufacturing paradigm that not only ensures
profitability but also prioritizes environmental impact and
the well-being of workers. In contrast to Industry 4.0,
Industry 5.0 places greater emphasis on the promotion of
human-machine collaboration and prioritizes sustainability in
its core principles [44].
One of the key features of Industry 5.0 is the utilization

of digital twin technology to facilitate seamless collaboration

between humans and machines [45]. This technology plays
a pivotal role in encouraging increased human involvement
in decision-making and innovation. Furthermore, Indus-
try 5.0 promotes adaptable manufacturing processes and
advocates for personalized production to minimize resource
wastage.

Industry 5.0 adopts a more holistic approach by com-
prehensively addressing ecological, social, and economic
sustainability considerations. This is achieved through metic-
ulous management of product life cycles, the promotion of a
sharing economy model, and the encouragement of corporate
social collaboration. The manufacturing industry is thus tran-
sitioning into a more balanced and sustainable era through
these initiatives.

D. RECENT TRENDS
Deep integration of the digital twin and the Internet of Things
has received a lot of attention in recent years [46]. By connect-
ing sensors and physical systems to the digital twin platform,
real-time data collection, monitoring, and simulation are
achieved [47]. This convergence provides more accurate data
and real-time operational decision support for smart maritime
logistics management [48].

With the continuous development of Industry 5.0 tech-
nology, its application in intelligent maritime logistics is
becoming more widespread [49], [50]. The integration of
digital twins and smart sensors in the maritime logistics
sector within the Industry 5.0 framework is propelled by key
drivers focused on anticipating maintenance needs, elevating
data-driven decision-making, ensuring comprehensive sup-
ply chain visibility, advancing environmental sustainability,
and fostering human-machine collaborations. This integra-
tion serves as a catalyst for a more intelligent, adaptive, and
environmentally conscious maritime logistics ecosystem.

In the research of digital twins [51], Industry 5.0 [52],
and smart maritime logistics [53], data analytics and artificial
intelligence play an important role. How to mine useful infor-
mation from maritime logistics data using methods such as
big data analytics, machine learning, as well as deep learning
to achieve optimization of maritime logistics systems, effec-
tive use of resources, and early warning of possible risks is
currently a hot topic in the field of maritime logistics [54],
[55].

Sustainable development and environmental protection are
key issues in the intelligent development of modern maritime
logistics [56], [57], [58]. How to use intelligent technology to
save energy, reduce emissions, improve resource utilization,
and promote the development of green maritime logistics is
the focus of current research at home and abroad.

III. DATA AND METHODS
A. A DATA COLLECTION
The WOS Core Database [59] contains more than 13,000 of
the world’s top-ranked academic journals, covering a wide
range of natural sciences, engineering, biomedical sciences,
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social sciences, arts and humanities. We can search relevant
papers by keywords, authors, titles, DOI, etc., learn about the
research of relevant papers, and easily trace the origin and
history of research papers. At the same time, it has powerful
analysis functions that can quickly target high-impact papers,
discover the research directions focused on by domestic and
foreign authorities, and reveal the development trend of the
topic [60]. The unique citation search allows you to use the
name of an article, a patent number, a conference paper,
or a book as search terms to retrieve citations to the papers
cited to track its latest developments. Therefore, the WOS
core database was chosen as the source of the literature
data. In the WOS core database, ‘‘smart maritime logistics’’,
‘‘multimodal transport’’, ‘‘maritime transportation’’, ‘‘mar-
itime management’’, ‘‘port management’’, ‘‘port logistics’’,
‘‘shippingmanagement’’ and ‘‘container logistics’’ were used
as keywords for the search. To ensure the comprehensiveness
and accuracy of the research, non-research literature such
as conference proceedings, book reviews, dissertations, and
news reports was excluded, and a total of 3372 English-
language documents were retrieved.

B. ANALYSIS METHOD
The majority of publications use software applications to
analyze information, along with certain visualization soft-
ware for charting scientific analysis. VOSviewer offers a
user-friendly interface and robust computing engine that
facilitates co-word analysis, social network analysis, topic
analysis, and other features, allowing researchers to ana-
lyze research field development more comprehensively [61].
Therefore, this article utilizes VOSviewer to visualize the
knowledge graph of literature in maritime logistics. The
automatic clustering function of VOSviewer is used to map
scientific knowledge. Ultimately, analyzing the generated
images reveals trends in research clusters and predicts future
issues that require attention.

IV. RESULTS
A. BIBLIOMETRIC ANALYSIS
1) CO-WORD ANALYSIS
As a content analysis technique, co-occurrence analysis can
effectively map the strength of association between infor-
mation items in textual data [62]. To reflect the strength of
association between keywords and to determine the research
focus, composition, as well as paradigm of the discipline
or field represented by these words, the co-occurrence of
document words is counted.

The visual analysis of keywords in the literature can
reflect the elements and themes contained therein. Based
on the revealed high-frequency keywords, it is possible to
find the research hotspots in the field and identify the most
researched directions related to the field [63]. To visualize the
co-occurrence of keywords with a co-occurrence frequency
of more than 20, use the VOSviewer software. Visual key-
word analysis is shown in Figure 1 below, where each node

FIGURE 1. Keyword visualization analysis.

FIGURE 2. Keyword clustering.

represents a keyword, its size is the frequency of occurrence,
and the line between nodes indicates keyword co-occurrence.

Through visual analysis of Figure 1 above, we can find
that the research on maritime logistics is divided into 5 main
research topic clusters, including emissions, transportation,
model, performance, and maritime logistics. In Figure 1, the
keywords in the different groupings are mingled together.
In order to make the groupings clearer, we adjusted the nodes
in the above figure to obtain Figure. 2, from which, we found
the following research hotspots in the field of maritime logis-
tics:

① Maritime logistics
The realm of marine logistics research entails the inves-

tigation of maritime transport, port operations, and marine
logistics infrastructure, including container terminals and
tanker terminals. This constitutes a comprehensive interdisci-
plinary study, encompassing the entirety of the transportation
process from the point of origin of goods to their ultimate
destination. In response to the continual evolution of technol-
ogy and dynamic shifts in demand, there exists a perpetual
necessity to refine the prevailing marine logistics system,
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FIGURE 3. Keyword evolution.

thereby realizing heightened efficiency, reliability, and safety
within the domain of logistics services.

② Modelling methods
Modeling research encompasses diverse models and

methodologies aimed at enhancing our comprehension and
optimization of logistics processes. Specifically, the Bayesian
networks and the Analytic Hierarchy Process (AHP) are
extensively applied in the realms of quality assessment, deci-
sion support, risk prediction, and the optimization of logistics
networks. Their widespread utilization underscores their sig-
nificance in contributing to the continual improvement of
logistics systems, ultimately fostering greater efficiency, reli-
ability, and resilience in the context of global trade.

③ Transportation challenges
The transportation aspect of marine logistics encounters

various challenges and complexities. To ensure safety and sta-
bility, advanced information technologies such as blockchain,
AIS data, big data, and artificial intelligence are embedded
into maritime transport process for risk assessment. The
continuous progression of transportation research holds sub-
stantial promise in furnishing indispensable support for the
sustainable development and advancement of the maritime
logistics sector.

④ Performance research
The study endeavors to forecast maritime logistics opera-

tions via the use of dynamics, complex networks, and other
techniques. Supply chain management bolsters competitive-
ness and reduces transportation expenses. Application of
such methods allows us to gain greater insight into customer
requirements and enhance logistics operations.

⑤ Carbon emission reduction
Maritime logistics operations span across the world and

have a substantial environmental footprint. This study exam-
ines the clustering of carbon dioxide and other greenhouse
gas emissions arising from maritime logistics operations and
outlines strategies for curbing these emissions.

To help better understand the evolution of research hotspots
related to maritime logistics, the average year of keyword
occurrences was calculated using VOSviewer illustrated in
Figure 3.

Figure 3 shows the average annual evolution of keyword
occurrences, through which we can clearly know the shift of
research focus on maritime logistics, we found that the focus
of maritime logistics research in 2018-2019 was in schedul-
ing, simulation, and supply chain; 2020-2021 research The
focus is on model, performance and time, while the latest
research is more focused on blockchain, deep learning and
the internet of things (IoT).We find that the focus of maritime
transport research has gradually shifted to the direction of
digitalization and informatization driven by the continuous
advancement of technology.

The above research results demonstrate the dynamic evolu-
tion of maritime logistics towards digitalization and informa-
tization. This transformation is achieved by the emergence
of smart ports and terminals through adopting automated
devices and intelligent equipment for cargo handling, as well
as intelligent tracking systems. One of the critical drivers to
this evolution is the application of digital twin technology,
which generates virtual replicas of physical assets for real-
time monitoring, predictive maintenance, and operational
optimization. Besides, blockchain adoption enhances trans-
parency and security of the whole process and facilitates
improving the resilience and robustness of supply chains.
Route optimization is achieved by programming modeling
and AI solvers, where predictive maintenance and preventive
risk analytics are also considered in advance. Furthermore,
there is a notable trend towards automating shipping opera-
tions and creating self-piloted ships, demonstrating a broad
adoption of advanced technologies to improve the sustain-
ability, transparency, and efficiency of marine logistics.

2) RESEARCH MAP ANALYSIS
To understand the degree of cooperation among countries in
maritime transportation research, the cooperation of 92 coun-
tries was analyzed, and the top 30 countries in terms of
cooperation intensity were selected for visualization, shown
in Figure 4. Larger nodes in Figure 4 indicate a greater
number of co-publications, and thicker connecting lines indi-
cate a greater number of co-publications between each two
countries.

Figure 4 shows the cooperation network map of the top
30 countries in terms of cooperation intensity. An analysis of
the cooperation intensity graph shows that China is the coun-
try with the highest cooperation intensity with other countries
with 1171, and the USA, UK, Australia, and Norway, which
follow closely behind, form the five countries with the highest
cooperation intensity. This indicates that these countries have
more research in maritime logistics.

In order to understandwhich countries aremaking themost
prominent contributions in the field of maritime transporta-
tion, this study analyzed the volume of articles issued by the
issuing countries, and the results are shown in Figure 5. The
larger the circle nodes in Figure 5, the higher the number of
publications.

Figure 5 shows the analysis of the number of articles
published by country, with China having the highest number
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FIGURE 4. Country cooperation intensity.

FIGURE 5. Volume of articles issued by country.

of articles with 1171, followed by the USA with 305 and the
UK with 233. The research on maritime transport in China is
closely related to national policies. We can see that although
European countries are not at the top of the list in terms
of number of articles, almost all European countries have
researched smart maritime transport, which is inseparable
from Europe’s unique geographical location.

B. NETWORK ANALYSIS AND LITERATURE MAPPING
1) CO-CITATION ANALYSIS
Co-citation analysis is mainly used to measure whether a
paper has a certain influence among peers [64]. A paper with a
high number of citations and all written by well-known schol-
ars indicates that the paper has a certain influence among
peers. The figure below shows the analysis of co-cited ref-
erences in the field of maritime logistics.

The co-citation network of journals can be seen in Figure 6
consists of 4 clusters, corresponding to the 4 colors in the
figure, and the top three journals cited are ⟨⟨European Journal
Of Operational Research ⟩⟩ (2668 citations), ⟨⟨ Transporta-
tion Research Part E⟩⟩(2617 citations) and ⟨⟨Maritime Policy
& Management ⟩⟩(2587 citations). The top two journals
belong to ScienceDirect Publishing.

FIGURE 6. Co-citation of cited sources.

FIGURE 7. Co-citation of cited references.

The co-citations of the literature were further analyzed and
the top ten cited articles in the field were analyzed using
Vosviewer, as shown in Table 1.

Next, the reference co-citation mapping was drawn and the
threshold for the minimum number of literature co-citations
was set to 30, leaving 57 articles for the cited literature
analysis. The final citation relationship mapping presented is
shown in Figure 7.
It is easy to find through the above chart information that

most of the highly cited literature was published in 2004-
2009, and only 4 of the literature published before 2000 had
been cited more than 30 times.

2) SCIENTOMETRICS LAWS
Lotka’s Law [65] is an empirical law describing the produc-
tivity of science pioneered by the American scholar Lotka in
the 1920s, also known as the ‘‘law of inverse squares’’, which
is often used to identify the core authors in the field.∑I

m+1
n (x) =

√
N

The minimum number of publications of core authors
in the field based on this law is m=0.749×

√
nmax ≈

5.7(nmax = 58), so the authors with 5 ormore articles are core
authors, and there are 261 core authors with 1596 articles,
accounting for about 47.3% of the total. It can be roughly
assumed that a more stable author cooperation group has been
formed in the field of maritime logistics. Table 2 shows the
high-output authors in this field.
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TABLE 1. High-output authors.

TABLE 2. Journal partition.

TABLE 3. Core journals.

From Table 2, Kjetil Fagerholt has the most articles, fol-
lowed by Shualan Wang. Although Jakub Montewka doesn’t
have the highest number of posts, he does boast the highest
average citation count.

Bradford’s law [66] states that the number of journals in
the core and related areas are arranged in descending order by
number of papers in a discipline in a 1:m:m2. . . . . . It is often
used when studying the distribution pattern of journals in the
literature. Table 3 below shows the journal divisions.

The literature contained was partitioned in the field of
maritime logistics, as shown in Table 3, at which point the
number of papers in each region was approximately the same
and the ratio was approximately 1:7:39.5 (1:6.5:6.52). With
this, we can identify the core journals in the field, as shown
in Table 4 below.
Table 4 shows the core journals in the field of mar-

itime logistics calculated under Bradford’s law, and we have
selected only five journals for presentation. It should be noted
that although Sustainability has the most published articles,
it does not have the highest average citation rate for its
articles. Ocean Engineering has the highest average citation
rate.

C. RESEARCH THEMES
1) DIGITAL TWIN EMPOWERED MARITIME LOGISTICS
MANAGEMENT
The ship plays an important role in the development of
maritime transportation as an important carrier of maritime
logistics. In the marine industry and shipping industry, the
current application of digital twin is mainly reflected in the
digital mapping and simulation stage [77]. There are many
challenges in the path of smart ships towards digitaliza-
tion and autonomy. Digital twins are a technology tool for

overcomingmany challenges as wemove toward a digital and
autonomous intelligent vessel. The basis for the application
of digital twin technology is an accurate digital twin model
based on stable and reliable data. At present, there is a mature
technology accumulation and industry consensus in ship data
collection [78], which strongly supports the application of
twin technology.

The application of digital twins on ships is demonstrated
by: a ship function simulation test. Simulation of marine
environment and ship structure is carried out to establish a
real-time prediction system for wave field and ship operation,
which is used to predict the occurrence of future waves
and ship response, reducing the risk and fuel consumption
of the ship in waves [79]. Moreover, the digital twin is an
important part of achieving ship automation. In the digital
twin application platform, the navigation or speed is adjusted
in real-time in response to the change of controller parameters
in the simulation environment [80]. As a key step in the ship-
building process, pipe fabrication and installation are prone
to schedule disconnections as well as distribution delays due
to complicated parts. Based on this, a digital twin system is
constructed for the pipeline processing line to optimize the
layout to improve the efficiency of ship pipeline installation
through real-time mapping and interaction technology [81].

The digital twin technique has found widespread applica-
tion in industrial, agricultural, and construction manufactur-
ing [82], [83], [84]. However, it is still in the early stages
of getting applied to shipping. With the development of
high-speed communication network technology and intelli-
gent technology, as well as the increasing maturity of digital
twin technology, the technology that will be widely used
in the shipping industry will also become more and more
common. Especially, the establishment of a multi-terminal
digital twin will make it possible to build an intelligent global
shipping world [85].

2) DIGITAL TWIN EMPOWERED SMART PORT
CONSTRUCTION
The port, as the hub station and assembly point of water and
land transportation, is a vital part of the logistics transporta-
tion [86]. As information technology for material operations
management and production deployment in ports becomes
more accurate, it is a major trend for port infrastructure to
be intelligent, digital, and integrated [35], [87], [88], but at
present, there are still pain points such as data silos, high
human cost and lack of intelligent scheduling scenarios in the
actual operation of ports [89], [90]. Thus, the deep integration
of cutting-edge information technologies such as digital twin,
Internet of Things, cloud computing, and intelligent percep-
tion with the port transportation business to create a ‘‘digital
twin smart port’’. With the deep computing and extensive
interconnection of key information from all the cores of the
port supply chain, the achievement of seamless connection
and coordination of all the parties in the port supply chain is
the development trend of smart ports [91].
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TABLE 4. TOP 10 most important publications in the maritime logistics.

The construction of the digital twin smart port empowers
port business through the detection of comprehensive port
posture [92], loading/unloading facilities [47], port logistics,
and transportation [93]. In addition, the digital twin empow-
ers management [89], the advanced intelligent search realizes
efficient data retrieval and targeted query. Meanwhile, the
massive data and rich analysis methods provide a scientific
as well as comprehensive basis for management decisions.

Smart port construction on the basis of digital twins will
significantly improve the efficiency of port operations and
reduce the cost of logistics while providing real-time informa-
tion feedback for port managers to better monitor and adjust
port operations. It can better meet the needs ofmodern society
for efficient, green [94], and intelligent port services [95],
which can realize the transformation of port functions, tech-
nology, and service upgrading.

V. CONCLUSION
A. CONTRIBUTIONS
Maritime logistics management, as a social science,
is extremely sensitive to changes in society and is a discipline
that is constantly iterating and updating. This study analyzes
relevant research in the field of maritime logistics manage-
ment by a systematical review study based onVOSviewer and
Scimago Graphica software. The keywords, high-producing
countries, key journals in the field, the core authors are
discussed and analyzed to help readers better understand
maritime logistics under the Industry 5.0 era. The findings
of the study are summarized as follows:

(1) The collaborative group of authors in the field of mar-
itime logisticsmanagement is still in the process of formation,
but several well-known scholars have been formed. For exam-
ple, Kjetil Fagerholt, Shualan Wang, Marielle Christiansen
etc.

(2) The core journals that publish papers in this field are
Sustainability, Maritime Policy & Management, and Journal
of Marine Science and Engineering.

(3) Chinese scholars contributed the most to the field,
accounting for 34% of the articles published, but in terms
of the average number of citations per article, articles
published by Poland scholars are more recognized in the
field.

(4) The co-occurrence analysis and cluster analysis of
keywords found that several stable research themes have been
formed in this research field, such as management optimiza-
tion and model simulation, and transportation as a key factor
at the management level is mentioned many times in the
keywords. With the development of technology blockchain,
sustainability, and digitalization are starting to be emphasized
in this field of research.

(5) The analysis of authors’ co-citations reveals that the
research hotspots in the field are constantly changing, and a
careful analysis of the chronology of the literature of highly
cited authors can further understand the dynamics of hotspot
change. It is also noted that several authoritative scholars in
the field have been formed and have played a great influence
on the development of the research field. Future research will
center on comprehensive explorations of key areas within
maritime logistics, including autonomous shipping, the uti-
lization of digital twin technology for real-time monitoring
and predictive maintenance, green shipping strategies, and
the adoption of alternative fuels. Digital twin technology
facilitates real-time monitoring and optimization of maritime
operations, encompassing aspects such as fuel consump-
tion, energy utilization, and the reduction of environmental
impact, thereby aligning with sustainability objectives. Addi-
tionally, digital twin plays a crucial role in monitoring and
improving safety conditions for maritime workers. By offer-
ing a comprehensive view of vessel operations, it helps
identify and mitigate potential hazards, ensuring the over-
all well-being of the workforce. In additions, digital twin
offers maritime stakeholders valuable data-driven insights,
contributing to fostering informed and efficient decision-
making. The heightened efficiency not only contributes to
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achieve economic sustainability but also aligns with broader
ESG goals by minimizing waste and optimizing resource
utilization.

B. LIMITATIONS
This study also carries some limitations. First of all, in order
to ensure the norms and standards of the data, the research
selects only SSCI, SCIE, and SCIE journal papers in the
core collection of the Web of Science database. However,
the data is incomplete due to the absence of other databases
(such as Scopus). In addition, there is inevitably a degree of
subjectivity involved in quantitative analysis, which requires
analysis and interpretation of the data.

We believe that the research on the combination of mar-
itime logistics and digital twins will continue and be full of
vitality, so the research in this paper is a topic worthy of
in-depth study. It is necessary to integrate the literature in sev-
eral databases to make the filtered data more comprehensive
and to communicate with scholars in the field of maritime
logistics and digital twins to conduct in-depth research on the
frontiers of this field.

As an active interdisciplinary subject, maritime logistics
management undoubtedly has a lot of room for development,
so the research lineage obtained from the perspective of
bibliometric and scientometrics is extremely valuable which
provides research directions and ideas for researchers in this
field. This is reflected in the following aspects:

(1) It will help scholars who intend to conduct research
on shipping management to sort out the existing research
on shipping management, and understand the development
process of shipping management;

(2) The analysis of the evolution law of high-frequency
keywords, will help scholars to form a clear understanding of
the focus and hot issues in the field of shipping management,
and provide a basis for them to select research topics;

(3) This study analyzes the core journals and core authors
in the field of maritime transportation management, which
can help scholars quickly find the literature they want to refer
to when researching, and also provide a certain degree of help
for scholars related to this topic when submitting papers.

ACKNOWLEDGMENT
The authors greatly appreciate anonymous reviewers and the
associate editor for their valuable suggestions.

REFERENCES
[1] K.Wang, Q. Hu,M. Zhou, Z. Zun, and X. Qian, ‘‘Multi-aspect applications

and development challenges of digital twin-driven management in global
smart ports,’’ Case Stud. Transp. Policy, vol. 9, no. 3, pp. 1298–1312,
Sep. 2021.

[2] S. Gülmez, G. D. Şakar, and S. Baştuğ, ‘‘An overview ofmaritime logistics:
Trends and research agenda,’’ Maritime Policy Manage., vol. 50, no. 1,
pp. 97–116, Jan. 2023, doi: 10.1080/03088839.2021.1962557.

[3] D. Song, ‘‘A literature review, container shipping supply chain: Plan-
ning problems and research opportunities,’’ Logistics, vol. 5, no. 2, p. 41,
Jun. 2021.

[4] J. Lyu, F. Zhou, and Y. He, ‘‘Digital technique-enabled container logistics
supply chain sustainability achievement,’’ Sustainability, vol. 15, no. 22,
p. 16014, Nov. 2023, doi: 10.3390/su152216014.

[5] F. Zhou, C. Zhang, T. Chen, and M. K. Lim, ‘‘An evolutionary game
analysis on blockchain technology adoption in cross-border e-commerce,’’
Oper. Manage. Res., vol. 16, no. 4, pp. 1766–1780, Dec. 2023, doi:
10.1007/s12063-023-00382-z.

[6] M. Singh, E. Fuenmayor, E. Hinchy, Y. Qiao, N. Murray, and D. Devine,
‘‘Digital twin: Origin to future,’’ Appl. Syst. Innov., vol. 4, no. 2, p. 36,
May 2021.

[7] A. Rasheed, O. San, and T. Kvamsdal, ‘‘Digital twin: Values, chal-
lenges and enablers from a modeling perspective,’’ IEEE Access, vol. 8,
pp. 21980–22012, 2020.

[8] Z. Lv, D. Chen, H. Feng, W. Wei, and H. Lv, ‘‘Artificial intelligence in
underwater digital twins sensor networks,’’ ACM Trans. Sensor Netw.,
vol. 18, no. 3, pp. 1–27, Aug. 2022, doi: 10.1145/3519301.

[9] R. Tepe and G. Arabelen, ‘‘Relationship marketing strategies in the con-
tainer shipping industry: A qualitative approach,’’ Sci. J. Marit. Univ.
Szczec., vol. 69, no. 141, pp. 76–88, 2022, doi: 10.17402/501.

[10] F. Xiao and X. Liu, ‘‘Pricing strategy of maritime transportation cost based
on revenue management and empty container theory,’’ J. Coastal Res.,
vol. 98, no. sp1, p. 121, Dec. 2019, doi: 10.2112/si98-030.1.

[11] W. Xing, Q. Liu, and G. Chen, ‘‘Pricing strategies for port competition
and cooperation,’’ Maritime Policy Manage., vol. 45, no. 2, pp. 260–277,
Feb. 2018, doi: 10.1080/03088839.2017.1405290.

[12] Z. Fu and J. Wang, ‘‘Study on improvement and risk assessment of marine
logistics finance development model based on the background of free
trade zone construction,’’ J. Coastal Res., vol. 111, no. 1, pp. 222–225,
Dec. 2020, doi: 10.2112/jcr-si111-039.1.

[13] J. Kwesi-Buor, D. A. Menachof, and R. Talas, ‘‘Scenario analysis
and disaster preparedness for port and maritime logistics risk manage-
ment,’’ Accident Anal. Prevention, vol. 123, pp. 433–447, Feb. 2019, doi:
10.1016/j.aap.2016.07.013.

[14] X. Jia and D. Zhang, ‘‘Prediction of maritime logistics service risks
applying soft set based association rule: An early warning model,’’
Rel. Eng. Syst. Saf., vol. 207, Mar. 2021, Art. no. 107339, doi:
10.1016/j.ress.2020.107339.

[15] H. Chen, J. S. L. Lam, and N. Liu, ‘‘Strategic investment in enhancing
port–hinterland container transportation network resilience: A network
game theory approach,’’ Transp. Res. B, Methodol., vol. 111, pp. 83–112,
May 2018, doi: 10.1016/j.trb.2018.03.004.

[16] B. Li, J. Lu, J. Li, X. Zhu, C. Huang, and W. Su, ‘‘Scenario evolu-
tionary analysis for maritime emergencies using an ensemble belief rule
base,’’ Rel. Eng. Syst. Saf., vol. 225, Sep. 2022, Art. no. 108627, doi:
10.1016/j.ress.2022.108627.

[17] Q. Ma, Y. Zhou, and L. Liu, ‘‘Review and comparison of the demand anal-
ysis methods of maritime emergency resources,’’ Brodogradnja, vol. 73,
no. 1, pp. 141–162, Mar. 2022, doi: 10.21278/brod73108.

[18] W. Fang, ‘‘An exploratory study on the logistics supply chain of maritime
port,’’ J. Coastal Res., vol. 107, no. sp1, p. 5, Aug. 2020, doi: 10.2112/jcr-
si107-002.1.

[19] M. S.-M. Lin, A. Potter, and S. Pettit, ‘‘Relationship heterogeneity in Tai-
wanese maritime logistics service supply chains,’’ Supply Chain Manag.,
Int. J., vol. 26, no. 3, pp. 385–401, May 2021, doi: 10.1108/scm-03-2019-
0116.

[20] F. Parola, G. Satta, N. Buratti, and F. Vitellaro, ‘‘Digital technologies and
business opportunities for logistics centres in maritime supply chains,’’
Maritime Policy Manage., vol. 48, no. 4, pp. 461–477, May 2021, doi:
10.1080/03088839.2020.1802784.

[21] S. S. Abosuliman and A. O. Almagrabi, ‘‘Routing and scheduling of intel-
ligent autonomous vehicles in industrial logistics systems,’’ Soft Comput.,
vol. 25, no. 18, pp. 11975–11988, Sep. 2021, doi: 10.1007/s00500-021-
05633-4.

[22] W. Ma, D. Ma, Y. Ma, J. Zhang, and D. Wang, ‘‘Green maritime:
A routing and speed multi-objective optimization strategy,’’
J. Cleaner Prod., vol. 305, Jul. 2021, Art. no. 127179, doi:
10.1016/j.jclepro.2021.127179.

[23] M. Mollaoglu, B. C. Altay, and A. Balin, ‘‘Bibliometric review
of route optimization in maritime transportation: Environmental
sustainability and operational efficiency,’’ Transp. Res. Rec.,
J. Transp. Res. Board, vol. 2677, no. 6, pp. 879–890, Mar. 2023,
doi: 10.1177/03611981221150922.

[24] K. Fagerholt, N. T. Gausel, J. G. Rakke, and H. N. Psaraftis, ‘‘Mar-
itime routing and speed optimization with emission control areas,’’
Transp. Res. C, Emerg. Technol., vol. 52, pp. 57–73, Mar. 2015, doi:
10.1016/j.trc.2014.12.010.

10928 VOLUME 12, 2024

http://dx.doi.org/10.1080/03088839.2021.1962557
http://dx.doi.org/10.3390/su152216014
http://dx.doi.org/10.1007/s12063-023-00382-z
http://dx.doi.org/10.1145/3519301
http://dx.doi.org/10.17402/501
http://dx.doi.org/10.2112/si98-030.1
http://dx.doi.org/10.1080/03088839.2017.1405290
http://dx.doi.org/10.2112/jcr-si111-039.1
http://dx.doi.org/10.1016/j.aap.2016.07.013
http://dx.doi.org/10.1016/j.ress.2020.107339
http://dx.doi.org/10.1016/j.trb.2018.03.004
http://dx.doi.org/10.1016/j.ress.2022.108627
http://dx.doi.org/10.21278/brod73108
http://dx.doi.org/10.2112/jcr-si107-002.1
http://dx.doi.org/10.2112/jcr-si107-002.1
http://dx.doi.org/10.1108/scm-03-2019-0116
http://dx.doi.org/10.1108/scm-03-2019-0116
http://dx.doi.org/10.1080/03088839.2020.1802784
http://dx.doi.org/10.1007/s00500-021-05633-4
http://dx.doi.org/10.1007/s00500-021-05633-4
http://dx.doi.org/10.1016/j.jclepro.2021.127179
http://dx.doi.org/10.1177/03611981221150922
http://dx.doi.org/10.1016/j.trc.2014.12.010


F. Zhou et al.: DT-Enabled Smart Maritime Logistics Management in the Context of Industry 5.0

[25] H. Davarzani, B. Fahimnia, M. Bell, and J. Sarkis, ‘‘Greening ports and
maritime logistics: A review,’’ Transp. Res. D, Transp. Environ., vol. 48,
pp. 473–487, Oct. 2016, doi: 10.1016/j.trd.2015.07.007.

[26] C. Zhou, N. Ma, X. Cao, L. H. Lee, and E. P. Chew, ‘‘Classification
and literature review on the integration of simulation and optimization
in maritime logistics studies,’’ IISE Trans., vol. 53, no. 10, pp. 1–39,
Jan. 2021, doi: 10.1080/24725854.2020.1856981.

[27] L. van Biert, M. Godjevac, K. Visser, and P. V. Aravind, ‘‘A review of
fuel cell systems for maritime applications,’’ J. Power Sources, vol. 327,
pp. 345–364, Sep. 2016, doi: 10.1016/j.jpowsour.2016.07.007.

[28] P. M. G. B. de Água, A. D. da Silva Frias, M. D. J. Carrasqueira, and
J. M. M. Daniel, ‘‘Future of maritime education and training: Blending
hard and soft skills,’’ Pomorstvo, vol. 34, no. 2, pp. 345–353, Dec. 2020,
doi: 10.31217/p.34.2.15.

[29] E. Glaessgen and D. Stargel, ‘‘The digital twin paradigm for future NASA
and U.S. air force vehicles,’’ in Proc. 53rd AIAA/ASME/ASCE/AHS/ASC
Struct., Struct. Dyn. Mater. Conf. 20th AIAA/ASME/AHS Adapt. Struct.
Conf., 2012, p. 1818.

[30] Y. Jiang, S. Yin, K. Li, H. Luo, and O. Kaynak, ‘‘Industrial applications
of digital twins,’’ Philos. Trans. Roy. Soc. A, vol. 379, no. 2207, 2021,
Art. no. 20200360.

[31] J. Leng, D. Yan, Q. Liu, H. Zhang, G. Zhao, L. Wei, D. Zhang, A. Yu, and
X. Chen, ‘‘Digital twin-driven joint optimisation of packing and storage
assignment in large-scale automated high-rise warehouse product-service
system,’’ Int. J. Comput. Integr. Manuf., vol. 34, nos. 7–8, pp. 783–800,
Aug. 2021, doi: 10.1080/0951192x.2019.1667032.

[32] T. Moshood, G. Nawanir, S. Sorooshian, and O. Okfalisa, ‘‘Digital
twins driven supply chain visibility within logistics: A new paradigm for
future logistics,’’ Appl. Syst. Innov., vol. 4, no. 2, p. 29, Apr. 2021, doi:
10.3390/asi4020029.

[33] J. Liu, C. Li, J. Bai, Y. Luo, H. Lv, and Z. Lv, ‘‘Security in IoT-
enabled digital twins of maritime transportation systems,’’ IEEE Trans.
Intell. Transp. Syst., vol. 24, no. 2, pp. 2359–2367, Feb. 2023, doi:
10.1109/TITS.2021.3122566.

[34] P.-L. Sanchez-Gonzalez, D. Díaz-Gutiérrez, T. Leo, and L. Núñez-Rivas,
‘‘Toward digitalization of maritime transport?’’ Sensors, vol. 19, no. 4,
p. 926, Feb. 2019, doi: 10.3390/s19040926.

[35] H.Min, ‘‘Developing a smart port architecture and essential elements in the
era of industry 4.0,’’Maritime Econ. Logistics, vol. 24, no. 2, pp. 189–207,
Jun. 2022, doi: 10.1057/s41278-022-00211-3.

[36] V. Monzon Baeza, F. Ortiz, S. Herrero Garcia, and E. Lagunas, ‘‘Enhanced
communications on satellite-based IoT systems to support maritime trans-
portation services,’’ Sensors, vol. 22, no. 17, p. 6450, Aug. 2022, doi:
10.3390/s22176450.

[37] H. Dijkstra, P. van Beukering, and R. Brouwer, ‘‘Marine plastic
entrepreneurship; exploring drivers, barriers and value creation in the blue
economy,’’ Sustain. Technol. Entrepreneurship, vol. 1, no. 3, Sep. 2022,
Art. no. 100018, doi: 10.1016/j.stae.2022.100018.

[38] W. Yao, W. Zhang, and W. Li, ‘‘Promoting the development of marine
low carbon through the digital economy,’’ J. Innov. Knowl., vol. 8, no. 1,
Jan. 2023, Art. no. 100285, doi: 10.1016/j.jik.2022.100285.

[39] U. Bamel, S. Kumar, W. M. Lim, N. Bamel, and N. Meyer, ‘‘Managing
the dark side of digitalization in the future of work: A fuzzy TISM
approach,’’ J. Innov. Knowl., vol. 7, no. 4, Oct. 2022, Art. no. 100275, doi:
10.1016/j.jik.2022.100275.

[40] F. Zhou, Y. He, F. T. S. Chan, P. Ma, and F. Schiavone, ‘‘Joint
distribution promotion by interactive factor analysis using an
interpretive structural modeling approach,’’ SAGE Open, vol. 12,
no. 1, Jan. 2022, Art. no. 215824402210799, doi: 10.1177/
21582440221079903.

[41] L. D. Xu, E. L. Xu, and L. Li, ‘‘Industry 4.0: State of the art and future
trends,’’ Int. J. Prod. Res., vol. 56, no. 8, pp. 2941–2962, Apr. 2018, doi:
10.1080/00207543.2018.1444806.

[42] F. Zhou and Y. Liu, ‘‘Blockchain-enabled cross-border e-commerce sup-
ply chain management: A bibliometric systematic review,’’ Sustainability,
vol. 14, no. 23, p. 15918, Nov. 2022, doi: 10.3390/su142315918.

[43] A. Adel, ‘‘Future of industry 5.0 in society: Human-centric solutions,
challenges and prospective research areas,’’ J. Cloud Comput., vol. 11,
no. 1, pp. 1–15, Sep. 2022.

[44] D. Mourtzis, J. Angelopoulos, and N. Panopoulos, ‘‘A literature review
of the challenges and opportunities of the transition from industry 4.0 to
society 5.0,’’ Energies, vol. 15, no. 17, p. 6276, Aug. 2022.

[45] P. K. R. Maddikunta, Q.-V. Pham, P. B. N. Deepa, K. Dev, T. R. Gadekallu,
R. Ruby, and M. Liyanage, ‘‘Industry 5.0: A survey on enabling technolo-
gies and potential applications,’’ J. Ind. Inf. Integr., vol. 26, Mar. 2022,
Art. no. 100257.

[46] D. D. Eneyew, M. A. M. Capretz, and G. T. Bitsuamlak, ‘‘Toward smart-
building digital twins: BIM and IoT data integration,’’ IEEE Access,
vol. 10, pp. 130487–130506, 2022, doi: 10.1109/ACCESS.2022.3229370.

[47] Y. Zhou, Z. Fu, J. Zhang, W. Li, and C. Gao, ‘‘A digital twin-based
operation status monitoring system for port cranes,’’ Sensors, vol. 22, no. 9,
p. 3216, Apr. 2022, doi: 10.3390/s22093216.

[48] C. Zhou, J. Xu, E. Miller-Hooks, W. Zhou, C.-H. Chen, L. H. Lee,
E. P. Chew, and H. Li, ‘‘Analytics with digital-twinning: A decision sup-
port system for maintaining a resilient port,’’Decis. Support Syst., vol. 143,
Apr. 2021, Art. no. 113496, doi: 10.1016/j.dss.2021.113496.

[49] A. BenYoussef and I.Mejri, ‘‘Linking digital technologies to sustainability
through industry 5.0: A bibliometric analysis,’’ Sustainability, vol. 15,
no. 9, p. 7465, May 2023, doi: 10.3390/su15097465.

[50] P. Fraga-Lamas, J. Varela-Barbeito, and T. M. Fernández-Caramés,
‘‘Next generation auto-identification and traceability technologies for
industry 5.0: A methodology and practical use case for the shipbuild-
ing industry,’’ IEEE Access, vol. 9, pp. 140700–140730, 2021, doi:
10.1109/ACCESS.2021.3119775.

[51] J. Nie, Y. Wang, Y. Li, and X. Chao, ‘‘Artificial intelligence and digital
twins in sustainable agriculture and forestry: A survey,’’Turkish J. Agricult.
Forestry, vol. 46, no. 5, pp. 642–661, Jan. 2022, doi: 10.55730/1300-
011x.3033.

[52] J. M. Rožanec, I. Novalija, P. Zajec, K. Kenda, H. T. Ghinani,
S. Suh, E. Veliou, D. Papamartzivanos, T. Giannetsos, S. A. Menesidou,
R. Alonso, N. Cauli, A.Meloni, D. R. Recupero, D. Kyriazis, G. Sofianidis,
S. Theodoropoulos, B. Fortuna, D. Mladenić, and J. Soldatos, ‘‘Human-
centric artificial intelligence architecture for industry 5.0 applications,’’ Int.
J. Prod. Res., early access, vol. 61, no. 20, pp. 6847–6872, Nov. 2022, doi:
10.1080/00207543.2022.2138611.

[53] D. Kim, C. Lee, S. Park, and S. Lim, ‘‘Potential liability issues of AI-based
embedded software in maritime autonomous surface ships for maritime
safety in the Korean maritime industry,’’ J. Mar. Sci. Eng., vol. 10, no. 4,
p. 498, Apr. 2022, doi: 10.3390/jmse10040498.

[54] I. Zaman, K. Pazouki, R. Norman, S. Younessi, and S. Coleman, ‘‘Chal-
lenges and opportunities of big data analytics for upcoming regulations
and future transformation of the shipping industry,’’ Proc. Eng., vol. 194,
pp. 537–544, Jan. 2017, doi: 10.1016/j.proeng.2017.08.182.

[55] R. Lou, Z. Lv, S. Dang, T. Su, and X. Li, ‘‘Application of machine learning
in ocean data,’’Multimedia Syst., vol. 29, no. 3, pp. 1815–1824, Jun. 2023.

[56] J. Kandasamy, S. P. Nadeem, A. Kumar, H. B. Nikhil, and N. H. Solanki,
‘‘Economic and environmental feasibility of re-routing the Indo-Sri
Lankan shipping channel: A green initiative of sustainable develop-
ment,’’ Sustain. Develop., vol. 30, no. 4, pp. 726–750, Aug. 2022, doi:
10.1002/sd.2269.

[57] T. Qin, Y. Zhang, X. Fan, and X. Chen, ‘‘Port new zone and port logistics
construction under development of a marine economy,’’ J. Coastal Res.,
vol. 106, no. sp1, p. 113, Jul. 2020, doi: 10.2112/si106-029.1.

[58] A. Dwivedi, S. Pratap, and F. Zhou, ‘‘Antecedents of freight transportation
for sustainable supply chain in the post-COVID era: An emerging market
study,’’ Int. J. Emerg. Markets, vol. 18, no. 6, pp. 1453–1471, Jun. 2023,
doi: 10.1108/ijoem-01-2022-0065.

[59] J. Zhu andW. Liu, ‘‘A tale of two databases: The use of web of science and
scopus in academic papers,’’ Scientometrics, vol. 123, no. 1, pp. 321–335,
Apr. 2020, doi: 10.1007/s11192-020-03387-8.

[60] D. Zhang, J. Xu, Y. Zhang, J. Wang, S. He, and X. Zhou, ‘‘Study
on sustainable urbanization literature based on web of science, scopus,
and China national knowledge infrastructure: A scientometric analysis in
CiteSpace,’’ J. Cleaner Prod., vol. 264, Aug. 2020, Art. no. 121537, doi:
10.1016/j.jclepro.2020.121537.

[61] N. J. van Eck, L. Waltman, R. Dekker, and J. van den Berg, ‘‘A comparison
of two techniques for bibliometric mapping: Multidimensional scaling and
VOS,’’ J. Amer. Soc. Inf. Sci. Technol., vol. 61, no. 12, pp. 2405–2416,
Dec. 2010.

[62] Z.-Y. Wang, G. Li, C.-Y. Li, and A. Li, ‘‘Research on the semantic-based
co-word analysis,’’ Scientometrics, vol. 90, no. 3, pp. 855–875, Mar. 2012,
doi: 10.1007/s11192-011-0563-y.

[63] W. Wang and C. Lu, ‘‘Visualization analysis of big data research based on
citespace,’’ Soft Comput., vol. 24, no. 11, pp. 8173–8186, Jun. 2020.

VOLUME 12, 2024 10929

http://dx.doi.org/10.1016/j.trd.2015.07.007
http://dx.doi.org/10.1080/24725854.2020.1856981
http://dx.doi.org/10.1016/j.jpowsour.2016.07.007
http://dx.doi.org/10.31217/p.34.2.15
http://dx.doi.org/10.1080/0951192x.2019.1667032
http://dx.doi.org/10.3390/asi4020029
http://dx.doi.org/10.1109/TITS.2021.3122566
http://dx.doi.org/10.3390/s19040926
http://dx.doi.org/10.1057/s41278-022-00211-3
http://dx.doi.org/10.3390/s22176450
http://dx.doi.org/10.1016/j.stae.2022.100018
http://dx.doi.org/10.1016/j.jik.2022.100285
http://dx.doi.org/10.1016/j.jik.2022.100275
http://dx.doi.org/10.1177/21582440221079903
http://dx.doi.org/10.1177/21582440221079903
http://dx.doi.org/10.1080/00207543.2018.1444806
http://dx.doi.org/10.3390/su142315918
http://dx.doi.org/10.1109/ACCESS.2022.3229370
http://dx.doi.org/10.3390/s22093216
http://dx.doi.org/10.1016/j.dss.2021.113496
http://dx.doi.org/10.3390/su15097465
http://dx.doi.org/10.1109/ACCESS.2021.3119775
http://dx.doi.org/10.55730/1300-011x.3033
http://dx.doi.org/10.55730/1300-011x.3033
http://dx.doi.org/10.1080/00207543.2022.2138611
http://dx.doi.org/10.3390/jmse10040498
http://dx.doi.org/10.1016/j.proeng.2017.08.182
http://dx.doi.org/10.1002/sd.2269
http://dx.doi.org/10.2112/si106-029.1
http://dx.doi.org/10.1108/ijoem-01-2022-0065
http://dx.doi.org/10.1007/s11192-020-03387-8
http://dx.doi.org/10.1016/j.jclepro.2020.121537
http://dx.doi.org/10.1007/s11192-011-0563-y


F. Zhou et al.: DT-Enabled Smart Maritime Logistics Management in the Context of Industry 5.0

[64] M. Eto, ‘‘Evaluations of context-based co-citation searching,’’ Scientomet-
rics, vol. 94, no. 2, pp. 651–673, Feb. 2013, doi: 10.1007/s11192-012-
0756-z.

[65] L. Egghe, ‘‘Theoretical evidence for empirical findings of A. Pulgarin
on Lotka’s law,’’ Malaysian J. Library Inf. Sci., vol. 17, no. 3, pp. 1–5,
Dec. 2012.

[66] Y.-S. Su, C.-L. Lin, S.-Y. Chen, and C.-F. Lai, ‘‘Bibliometric study of social
network analysis literature,’’ Library Hi Tech, vol. 38, no. 2, pp. 420–433,
Dec. 2019, doi: 10.1108/lht-01-2019-0028.

[67] M. Christiansen, K. Fagerholt, B. Nygreen, and D. Ronen, ‘‘Ship routing
and scheduling in the new millennium,’’ Eur. J. Oper. Res., vol. 228, no. 3,
pp. 467–483, Aug. 2013, doi: 10.1016/j.ejor.2012.12.002.

[68] M. Christiansen, K. Fagerholt, and D. Ronen, ‘‘Ship routing and schedul-
ing: Status and perspectives,’’ Transp. Sci., vol. 38, no. 1, pp. 1–18,
Feb. 2004, doi: 10.1287/trsc.1030.0036.

[69] M. Christiansen, K. Fagerholt, B. Nygreen, and D. Ronen, ‘‘Chapter
4 maritime transportation,’’ in Handbooks in Operations Research and
Management Science. Amsterdam, The Netherlands: North Holland, 2007,
pp. 189–284.

[70] H. N. Psaraftis and C. A. Kontovas, ‘‘Speed models for energy-
efficient maritime transportation: A taxonomy and survey,’’ Transp. Res.
C, Emerg. Technol., vol. 26, pp. 331–351, Jan. 2013, doi: 10.1016/
j.trc.2012.09.012.

[71] J. Montewka, S. Ehlers, F. Goerlandt, T. Hinz, K. Tabri, and P.
Kujala, ‘‘A framework for risk assessment for maritime transportation
systems—A case study for open sea collisions involving RoPax ves-
sels,’’ Rel. Eng. Syst. Saf., vol. 124, pp. 142–157, Apr. 2014, doi:
10.1016/j.ress.2013.11.014.

[72] F. Goerlandt and J. Montewka, ‘‘A framework for risk analysis of mar-
itime transportation systems: A case study for oil spill from tankers
in a ship–ship collision,’’ Saf. Sci., vol. 76, pp. 42–66, Jul. 2015, doi:
10.1016/j.ssci.2015.02.009.

[73] S. Wang and Q. Meng, ‘‘Sailing speed optimization for container
ships in a liner shipping network,’’ Transp. Res. E, Logistics Transp.
Rev., vol. 48, no. 3, pp. 701–714, May 2012, doi: 10.1016/j.tre.
2011.12.003.

[74] Q. Meng, S. Wang, H. Andersson, and K. Thun, ‘‘Containership rout-
ing and scheduling in liner shipping: Overview and future research
directions,’’ Transp. Sci., vol. 48, no. 2, pp. 265–280, May 2014, doi:
10.1287/trsc.2013.0461.

[75] J. J. Corbett, H. Wang, and J. J. Winebrake, ‘‘The effectiveness and costs
of speed reductions on emissions from international shipping,’’ Transp.
Res. D, Transp. Environ., vol. 14, no. 8, pp. 593–598, Dec. 2009, doi:
10.1016/j.trd.2009.08.005.

[76] D. Ronen, ‘‘The effect of oil price on containership speed and fleet
size,’’ J. Oper. Res. Soc., vol. 62, no. 1, pp. 211–216, Jan. 2011, doi:
10.1057/jors.2009.169.

[77] Ì. A. Fonseca, H. M. Gaspar, P. C. de Mello, and H. A. U. Sasaki,
‘‘A standards-based digital twin of an experiment with a scale model
ship,’’ Comput.-Aided Des., vol. 145, Apr. 2022, Art. no. 103191, doi:
10.1016/j.cad.2021.103191.

[78] F. Mauro and A. A. Kana, ‘‘Digital twin for ship life-cycle: A critical
systematic review,’’Ocean Eng., vol. 269, Feb. 2023, Art. no. 113479, doi:
10.1016/j.oceaneng.2022.113479.

[79] J.-H. Lee, Y.-S. Nam, Y. Kim, Y. Liu, J. Lee, and H. Yang, ‘‘Real-time
digital twin for ship operation in waves,’’Ocean Eng., vol. 266, Dec. 2022,
Art. no. 112867, doi: 10.1016/j.oceaneng.2022.112867.

[80] O. K. Kinaci, ‘‘Ship digital twin architecture for optimizing sailing
automation,’’ Ocean Eng., vol. 275, May 2023, Art. no. 114128, doi:
10.1016/j.oceaneng.2023.114128.

[81] Q. Wu, Y. Mao, J. Chen, and C. Wang, ‘‘Application research of digital
twin-driven ship intelligent manufacturing system: Pipe machining pro-
duction line,’’ J. Mar. Sci. Eng., vol. 9, no. 3, p. 338, Mar. 2021, doi:
10.3390/jmse9030338.

[82] O. C. Madubuike, C. J. Anumba, and R. Khallaf, ‘‘A review of digital
twin applications in construction,’’ J. Inf. Technol. Construct., vol. 27,
pp. 145–172, Feb. 2022, doi: 10.36680/j.itcon.2022.008.

[83] R. G. Alves, R. F. Maia, and F. Lima, ‘‘Development of a digi-
tal twin for smart farming: Irrigation management system for water
saving,’’ J. Cleaner Prod., vol. 388, Feb. 2023, Art. no. 135920, doi:
10.1016/j.jclepro.2023.135920.

[84] M. Liu, S. Fang, H. Dong, and C. Xu, ‘‘Review of digital twin about con-
cepts, technologies, and industrial applications,’’ J. Manuf. Syst., vol. 58,
pp. 346–361, Jan. 2021, doi: 10.1016/j.jmsy.2020.06.017.

[85] H. Tong, ‘‘The future development and restructuring of the international
shipping industry: Conference report,’’ Mar. Policy, vol. 137, Mar. 2022,
Art. no. 104956, doi: 10.1016/j.marpol.2022.104956.

[86] O.-P. Brunila, V. Kunnaala-Hyrkki, and T. Inkinen, ‘‘Hindrances in port
digitalization? Identifying problems in adoption and implementation,’’Eur.
Transp. Res. Rev., vol. 13, no. 1, pp. 1–10, Dec. 2021, doi: 10.1186/s12544-
021-00523-0.

[87] O. M. Belcore, M. Di Gangi, and A. Polimeni, ‘‘Connected vehicles and
digital infrastructures: A framework for assessing the port efficiency,’’ Sus-
tainability, vol. 15, no. 10, p. 8168, May 2023, doi: 10.3390/su15108168.

[88] R. Castellano, U. Fiore, G. Musella, F. Perla, G. Punzo, M. Risitano,
A. Sorrentino, and P. Zanetti, ‘‘Do digital and communication technologies
improve smart ports? A fuzzy DEA approach,’’ IEEE Trans. Ind. Informat.,
vol. 15, no. 10, pp. 5674–5681, Oct. 2019, doi: 10.1109/TII.2019.2927749.

[89] W. Yang, X. Bao, Y. Zheng, L. Zhang, Z. Zhang, Z. Zhang, and L. Li,
‘‘A digital twin framework for large comprehensive ports and a case
study of Qingdao port,’’ Int. J. Adv. Manuf. Technol., vol. 2022, pp. 1–12,
Dec. 2022, doi: 10.1007/s00170-022-10625-1.

[90] N. Gao, D. Han, T.-H. Weng, B. Xia, D. Li, A. Castiglione, and K.-C. Li,
‘‘Modeling and analysis of port supply chain system based on fabric
blockchain,’’ Comput. Ind. Eng., vol. 172, Oct. 2022, Art. no. 108527, doi:
10.1016/j.cie.2022.108527.

[91] K. A. Yau, S. Peng, J. Qadir, Y.-C. Low, and M. H. Ling, ‘‘Towards smart
port infrastructures: Enhancing port activities using information and com-
munications technology,’’ IEEE Access, vol. 8, pp. 83387–83404, 2020,
doi: 10.1109/ACCESS.2020.2990961.

[92] L. Gerlitz and C.Meyer, ‘‘Small andmedium-sized ports in the TEN-T net-
work and Nexus of Europe’s twin transition: The way towards sustainable
and digital port service ecosystems,’’ Sustainability, vol. 13, no. 8, p. 4386,
Apr. 2021, doi: 10.3390/su13084386.

[93] Y. Gao, D. Chang, C.-H. Chen, and Z. Xu, ‘‘Design of digital twin applica-
tions in automated storage yard scheduling,’’ Adv. Eng. Informat., vol. 51,
Jan. 2022, Art. no. 101477, doi: 10.1016/j.aei.2021.101477.

[94] P. Yu,W. Zhaoyu, G. Yifen, T. Nengling, andW. Jun, ‘‘Application prospect
and key technologies of digital twin technology in the integrated port
energy system,’’ Frontiers Energy Res., vol. 10, pp. 1–12, Jan. 2023, doi:
10.3389/fenrg.2022.1044978.

[95] N. S. Madusanka, Y. Fan, S. Yang, and X. Xiang, ‘‘Digital twin in the
maritime domain: A review and emerging trends,’’ J. Mar. Sci. Eng.,
vol. 11, no. 5, p. 1021, May 2023, doi: 10.3390/jmse11051021.

FULI ZHOU received the B.E. degree in industrial
engineering from the Henan University of Science
and Technology, China, in 2012, and the Ph.D.
degree in management science and engineering
from Chongqing University, China, in 2018.

He was a Visiting Scholar with the NUS
Business School. He is currently an Associate
Professor with the College of Economics andMan-
agement, Zhengzhou University of Light Industry.
He is conducting postdoctoral research with the

School of Automation Science and Engineering, South China University of
Light Industry. He is also a Researcher with the Research Institute, Shenzhen
CIMC Intelligent Technology Company Ltd. He has authored or coauthored
more than 90 academic articles and his publications appeared in more than
30 renowned international journals. He is working as a reviewer for about
50 renowned international journals and serves as a guest editor for several
journals. His research interests include sustainable supply chain engagement,
industrial engineering, container logistics, and operational management.

10930 VOLUME 12, 2024

http://dx.doi.org/10.1007/s11192-012-0756-z
http://dx.doi.org/10.1007/s11192-012-0756-z
http://dx.doi.org/10.1108/lht-01-2019-0028
http://dx.doi.org/10.1016/j.ejor.2012.12.002
http://dx.doi.org/10.1287/trsc.1030.0036
http://dx.doi.org/10.1016/j.trc.2012.09.012
http://dx.doi.org/10.1016/j.trc.2012.09.012
http://dx.doi.org/10.1016/j.ress.2013.11.014
http://dx.doi.org/10.1016/j.ssci.2015.02.009
http://dx.doi.org/10.1016/j.tre.2011.12.003
http://dx.doi.org/10.1016/j.tre.2011.12.003
http://dx.doi.org/10.1287/trsc.2013.0461
http://dx.doi.org/10.1016/j.trd.2009.08.005
http://dx.doi.org/10.1057/jors.2009.169
http://dx.doi.org/10.1016/j.cad.2021.103191
http://dx.doi.org/10.1016/j.oceaneng.2022.113479
http://dx.doi.org/10.1016/j.oceaneng.2022.112867
http://dx.doi.org/10.1016/j.oceaneng.2023.114128
http://dx.doi.org/10.3390/jmse9030338
http://dx.doi.org/10.36680/j.itcon.2022.008
http://dx.doi.org/10.1016/j.jclepro.2023.135920
http://dx.doi.org/10.1016/j.jmsy.2020.06.017
http://dx.doi.org/10.1016/j.marpol.2022.104956
http://dx.doi.org/10.1186/s12544-021-00523-0
http://dx.doi.org/10.1186/s12544-021-00523-0
http://dx.doi.org/10.3390/su15108168
http://dx.doi.org/10.1109/TII.2019.2927749
http://dx.doi.org/10.1007/s00170-022-10625-1
http://dx.doi.org/10.1016/j.cie.2022.108527
http://dx.doi.org/10.1109/ACCESS.2020.2990961
http://dx.doi.org/10.3390/su13084386
http://dx.doi.org/10.1016/j.aei.2021.101477
http://dx.doi.org/10.3389/fenrg.2022.1044978
http://dx.doi.org/10.3390/jmse11051021


F. Zhou et al.: DT-Enabled Smart Maritime Logistics Management in the Context of Industry 5.0

KANGZHEN YU received the B.B.M. degree in
logistics management from the Zhengzhou Uni-
versity of Light Industry, China, in 2021, where
she is currently pursuing the master’s degree. Her
research interests include maritime logistics, digi-
tal technology, simulation, and SCM.

WEI XIE (Member, IEEE) received the B.Eng.
and M.Eng. degrees from theWuhan University of
Science and Technology, China, in 1996 and 1999,
respectively, and the Ph.D. degree from the Kitami
Institute of Technology, Japan, in 2003.

He was a Postdoctoral Researcher with
the Satellite Venture Business Laboratory,
from 2003 to 2006. In 2006, he joined the College
of Automation Science and Engineering, South
China University of Technology, as an Associate

Professor, where he became a Full Professor, in 2010. He was also a Senior
Visiting Scholar with the University of Alberta, Canada, in 2019. He has
published more than 80 papers in international journals and conferences. His
research interests include information advanced manufacturing technology,
system engineering, automation control, and intelligent manufacturing.

JIEYIN LYU received the B.Eng. degree from
Zhengzhou University, in 2011, the M.Eng. degree
from Shenzhen University, in 2014, and the
M.S.M. degree from Peking University, in 2020.
He is currently pursuing the Ph.D. degree with
Chang’an University. He is the Dean of the
Research Institute, Shenzhen CIMC Intelligent
Technology Company Ltd. His research inter-
ests include information system engineering, ITS,
SCM, and smart containers.

ZHONG ZHENG received the master’s degree
from Chongqing University, in 2015. He is
currently pursuing the Ph.D. degree. He is the
Assistant Dean of the Business School, Nanning
University, and an Associate Professor. His
research interests include modern logistics and
supply chain management.

SHOUQIN ZHOU received the Ph.D. degree from
Xi’an Jiaotong University, China.

He was a Postdoctoral Researcher with the
Queensland University of Technology, Australia.
He was the Chief Engineer of intelligent tech-
nology with CIMC and the General Manager of
Shenzhen CIMC Intelligent Technology Company
Ltd. He was the Director of the Intelligence and
Security Center, China International Marine Con-
tainers Company Ltd. He is currently a Professor

with Xiangtan University and a Visiting Professor with the Guangdong
University of Technology and Shenzhen Technology University, China.
He has published more than 50 research articles in international journals.
His research interests include the IoT, maritime logistics management, smart
container automation, intelligent manufacturing, and industrial internet.

VOLUME 12, 2024 10931


