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Abstract

Logistics centres are currently performing a key function in the development of countries through their ability to regulate 
goods, markets, and transport. This is shown by the infrastructure, cost, goods flow, and quality of logistical services 
provided by these centres. Nevertheless, in developing nations or regions with antiquated logistics infrastructure, 
conventional logistics centres seem to struggle to manage the volume of commodities passing through them, resulting 
in persistent congestion and an unsteady flow of goods inside these facilities. This issue poses a challenge to the 
progress of any nation. The emergence of new technology offers a potential avenue to solve the problems inherent in 
traditional logistics centres. Most prominently, four technologies (the Internet of Things (IoT), Blockchain, Big Data 
and Cloud computing) are widely applied in traditional logistics centres. This work has conducted a thorough analysis 
and evaluation of these new technologies in relation to their respective functions and roles inside a logistics centre. 
Furthermore, this work proposes difficulties in applying new technologies to logistics centres related to issues such 
as science, energy, cost, or staff qualifications. Finally, future development directions, related to expanding policies 
in technological applications, or combining each country’s policies for the logistics industry, are carefully discussed.
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introduction

An important topic for the growth of the world’s economy 
and contemporary society is digitalisation. Continual 
expansion and long-term welfare are cited as essential drivers 
of successful digitalisation efforts. Therefore, government 
programmes that seek to develop innovation capacity, increase 
productivity, decrease costs, increase revenues, improve 
preparation for the digital era, and strengthen competitive 
advantages are regularly used to promote digitalisation goals 

within businesses. The term ‘Industry 4.0’ frequently refers 
to a wide range of digitalisation methods, approaches, and 
technologies because it largely focuses on applications in 
the industrial environment. Because of this, the application 
sectors range from enhancing material flows to buildings, 
manufacturing, and product development. These programmes 
should help industrial organisations achieve their objectives, 
including higher competitiveness based on open processes, 
more agility, improved adaption, and increased flexibility.

The initial commercial practices and academic studies on 
disruptive technologies are still very much relevant in today’s 
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society. Disruptive technologies were also the foundation 
of modern business models like Amazon and Flipkart, 
since they outperform incumbent technologies, in terms of 
productivity, efficiency, and convenience [1]. The Internet of 
Things (IoT), for instance, completely replaced warehouse 
and inventory management through a precise combination of 
supply hubs, transportation, and customer handling system, 
which was a boost for e-commerce industries. As a result, 
IoT could offer more individualised, responsive, and novel 
or unconventional customer service, in addition to decreased 
operational costs [2]. The Internet of Things is anticipated to 
play a significant role in the logistics sector in the near future. 
It is also evident that many objects and items have already 
begun to carry or tag bar codes, RFID tags, and sensors, 
bringing geospatial data and allowing tracking of a variety 
of goods and merchandise through a single supply chain 
from any location [3]. Primarily, there are three schools of 
thought with respect to the IoT [4]: (i) Things oriented, which 

aims to improve things like object traceability and the ability 
to understand their current location or status; (ii) Internet-
oriented, which seeks to improve network protocols like the 
Internet Protocol, which is seen as the network technology to 
connect smart objects all over the world; and (iii) Semantic 
oriented, which centres on issues of meaning and context 
[5]. In addition to IoT, other new technologies have also 
begun to become more prominent during this period, 
such as Big Data, Blockchain, AI, etc. Each technology has 
different functions that are combined in an industry, thereby 
helping the industry develop strongly in all respects [6][7]. 
The logistics industry is no exception to this development; 
hence, the use of 4.0 technologies has transformed logistics 
into a strategic tool for gaining a competitive edge, shifting 
its perception from a simple financial burden to a valuable 
asset [8]. Table 1 presents a comprehensive compilation 
of definitions of Industry 4.0 technologies that have been 
specifically implemented in industrial environments. 

Tab. 1. Definition of outstanding 4.0 technologies [9]

4.0 Technology Definition Ref

Internet of Things (IoT) The implementation of sensors and devices that are networked through wireless networks and 
Internet-based interaction with the objective of enhancing the value of products and processes.

[10][11][12][13]

Blockchain The digital platform facilitates the safe storage and distribution of information across a collective of 
users via the creation of time-stamped, tamper-proof, and indefinitely lasting records. The system 
comprises decentralised ledgers that store transactions as data blocks, which are interconnected 
by a cryptographic pointer. The aforementioned system exhibits attributes such as distributed 
consensus, enhanced security measures, traceability, verification, and transparency of information.

[14][15][16]

Cloud Computing The online service provides users with the ability to do rapid and streamlined calculations, without 
the need for establishing a tangible infrastructure. This technology facilitates the provision of 
computer resources, including networks, servers, storage, applications, and services, with the 
ability to access a network that is readily available, easily accessible, and beneficial. The outcome 
is a more economically efficient and expeditious resolution with regard to operational platforms, 
software, and infrastructures.

[17][18][10]

Big Data The effective facilitation of decision-making processes is achieved via the management of 
a substantial amount of data, defined by its high volume, rapid velocity, and diversity. This is 
accomplished by using cutting-edge analytic approaches that are creative in nature.

[19][20][5]

The logistics industry is showing an increasing dependence 
on new technologies. Therefore, in order to fully capitalise on 
the potential of this industry, it is imperative to develop the 
‘Logistics 4.0’ initiative, which aims to maximise the utilisation 
of cutting-edge technologies and implement innovative 
advancements in the logistics field [21]. Governments should 
aggressively push its ‘Logistics Centre 4.0’ strategy, starting 
with the logistics centre, which serves as the beating heart 

of logistics systems. As a result, the whole manufacturing 
sector, including its logistics, is transitioning to a paradigm 
that is more adaptable and agile, making room for Industry 
4.0. According to Khatib et al. [22], the heart of Industry 
4.0 consists of four primary enabling technologies that will 
increase the adaptability of manufacturing and distribution 
processes: robotics, Big Data, wireless networking, and 
inexpensive sensors. The interdependencies between the 
various 4.0 technologies are depicted in Fig. 1.
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Fig. 1. Dependency between 4.0 technologies [22]

In the technologies mentioned above, IoT was acknowledged 
as one of the most significant fields of future technology and it 
is one of the key information and communication technologies 
(ICT). The IoT is quickly gaining ground in the context of 
contemporary wireless telecommunications, particularly 
with the rapid development of wireless communication 
technologies [23][24][25]. From an initial emphasis on 
machine-to-machine communication and applications in 
the ‘ubiquitous aggregation’ of data, the concept of IoT is 
continually changing. In other words, the IoT has generated 
vast amounts of data and various mathematical analytic 
methods can be used to continuously investigate the intricate 
links between the transactions represented by this data. 
Without a doubt, IoT would be crucial to the deployment 
of smart logistics [26][27], which would fundamentally alter 
the design of the logistics system and the logistical operation 
mode. These changes are very important in determining 
a company’s competitiveness because logistics costs are 
seen as a significant component of overall production costs. 
Numerous businesses are thinking about how to operate their 
warehouses more cost-effectively and efficiently, especially 
in light of recent advancements in supply chain and logistics 
technology but there are also many businesses that are hesitant 
about applying smart technologies to a previously traditional 
infrastructure [28]. According to the public and academic 

literature, logistics centre management is a crucial component 
of the supply chain that has received increased attention, 
with the aim of meeting the rising freight demand and the 
increasingly high standards for logistics services [29]. In the 
last few decades, the warehouse and logistics centre business 
has experienced a remarkable development in major trading 
cities. Planners and social scientists have expressed concerns 
over the social and environmental impacts associated 
with this increase. Researchers have shown that transport 
infrastructure and links to supply chain partners are two of 
the most important factors in luring developers to an area 
[30][31]. Although the advantages of the effects and the role of 
digitalisation in logistics are still not properly recognised, it 
cannot be denied that digitalisation will be an essential step in 
the field of logistics [32][33]; this is reflected in transportation 
and warehouse activities [34]. As a typical example, in the 
past, real-time tracking of vehicles was performed using 
GPS systems. Then, with the advent of 4.0 technology and 
blockchain, real-time goods tracking systems using blockchain 
technology have been applied by many companies. From 
there, digital transformation frameworks are continuously 
being updated, based on emerging logistics activities. The 
research by Junge et al. [35] presented a framework for digital 
transformation in logistics, as demonstrated in Fig. 2. 
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Fig. 2. The Logistics Digital Transformation Framework [35]

The next problem for the necessary development of 4.0 
technologies is the e-commerce industry. The quantity of 
products that need to be handled in a logistics centre has 
grown over the past ten years, to meet the development of the 
e-commerce industry, making warehouse operations more 
complex. As a result, older manual methods are no longer 
sufficient or practicable to handle this enormous amount 
of activity [36]-[37]. From there, freight and logistics firms 
may encounter large delays between arrival and departure, 
as a result of poor management of the logistics centre [38]. 
Extra fees (fines for late transportation and additional 
expenditure for keeping the tractor-trailer driver on overtime) 
and orders being delivered late are the direct result of this 
[39]. Long lines of idle vehicles contribute to pollution [40]-
[41], thus it is best to set up transport and storage facilities 
with standardised loading and warehousing efficiency. The 
primary objective of transportation and logistics centres 
is to minimise the overall costs associated with product 
transportation, while simultaneously increasing storage 
capacity through the implementation of short-term strategies 
and the use of technology. These elements play a crucial role in 
the efficient delivery of goods and enhancing transportation 
and logistics systems [42]-[43]. Moreover, the absence of 
cohesion in the managerial procedures within logistics centres 
leads to frequent instances of time wastage and mistakes in 
the tasks performed by personnel teams. Additionally, one 
company’s barcode system will differ from their suppliers’, 
leading to inconsistencies in the preservation of information 
about the items’ features. This has long been a problem in 
conventional logistics centres, where it slows down the arrival 
of transporting vehicles and drives up waiting times and 
other expenses [44]. Because of this, the cost of logistics is 

consistently high in underdeveloped nations. Precisely for 
this reason, the Warehouse Management System was born to 
resolve the backlog of manual operations at warehouses and 
logistics centres. Warehouse Management Systems (WMS) 
evolved as a result of the emergence of increasingly complex 
tools and algorithms to run warehouses effectively in the 
2000s [45]. A WMS has an information system that combines 
software programmes to keep track of, regulate, control, and 
manage inventory levels, and optimise warehousing choices. 
Order processing, order release, and master data are the three 
main WMS functions. In addition to the above functions, the 
additional capabilities of WMS include receiving (inbound), 
putting things away, and warehouse control [46]. However, 
WMS stopped meeting the needs of traditional logistics 
centres. For the e-commerce industry, specific characteristics 
related to the volume and quantity of goods still make it 
difficult for WMS to operate processing and storage.

By recognising the importance of technologies in 
applying the management of logistics centres to a smart 
environment, this work analyses and makes judgements 
of Industry 4.0 applications in the intelligent management 
of flogistics centres. Applications that reduce the number of 
pointless procedures can lighten the load in a logistics centre. 
Efficiency and operational productivity are then improved. 
These applications also pave the way for future studies in the 
field of smart logistics, where systems are combined with 
cutting-edge technology. However, there will be some notable 
obstacles, such as the cost of deploying the technology, the 
way in which the location of the logistics centre affects the 
environment, and the policies for applying these technologies; 
these will be of interest in future research.
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Literature Review

Logistics centre definition

According to the European Economic Interest Group 
[47], a logistics centre is “the hub of a given area where all 
activities connected to transport, logistics, and products 
distribution both for national and international transit are 
carried out, on a commercial basis, by multiple operators”. 
Facilities for storage, managing, clearing, reassembling, 
disassembling, inspecting quality, offering lodging, and 
providing social services are all found in logistics centres. 
Logistical activities are moving from urban to rural areas 
and using environmentally friendly modes of transportation, 
like electric vehicles. In the maritime field, the development 
of green solutions for ships and ports or green logistic 
centres is being considered as a priority, aiming to reduce 
carbon emissions and mitigate climate change [48]–[50]. 
In industrialised nations, logistics centres are crucial for 
sustainability and competitiveness, but they are also helpful 
for regional development in poor nations [51]. 

On the other hand, Uyanik et al. [52] asserted that an 
essential component of development strategy was the use of 
logistics centres, which were initially developed in Europe 
in the 1960s and were first observed in the US during the 
industrial revolution [53]. If such a centre was established in 
conjunction with combined and intermodal transport types, 
there would be innumerable advantages to doing so, including 
lower prices, reduced traffic congestion, lower environmental 
pollution levels, etc. However, the term ‘logistics centre’ was 
never defined in the literature. According to Higgins et al. 
[54] and Rimiené et al. [55], a number of terms implied a 
logistics centre, including distribution centre, freight village, 
dry port, inland port, load centre, logistics node, gateway, 
central warehouse, freight/transport terminal, transport 
node, logistics platform, logistics depot, and distribution 
park. Furthermore, Erkayman et al. [56] also published a 
concept for a logistics centre. National and international 
locations, known as logistics centres, are where various 
operators conduct all logistics-related activities on a for-
profit basis, including shipping and forwarding, product 
distribution, material handling, storage, and other related 
transactions (such as banking and insurance). To carry out 
the aforementioned tasks, a logistics centre must be furnished 
with the necessary public amenities. These centres must be 
located near connections to highways, railways, airports, 
and seaports, as well as being located outside residential 
areas. Lastly, it has to be run by a single public or private 
organisation [46][57]. 

From the perspective of multimodal transport, according 
to Smail et al. [58], a logistics centre is a type of output 
point structure of the supply chain that includes stages like 
warehousing, distribution, and the provision of value-added 
services, and storage. According to Kaynak et al. [59], 
the logistics centre is a hub that combines various modes 
of transportation, almost performing like a multimodal 

transportation terminal, it is a crucial link in the multimodal 
transportation chain, and is a structure that serves as a hub 
for transportation activities among various modes of 
transportation. With the birth and evolution of the phrase 
‘supply chain management’, the logistics centre concept 
has also altered and developed, much like the concept of 
logistics itself [60][61]. Nonetheless, it is most apparent that 
a logistics centre needs to have two main functions: shipping 
and warehousing. These are regarded as the two most crucial 
elements in setting up a basic logistics centre.

Smart logistics centre

All facets of social life are being significantly impacted 
by the Industrial Revolution 4.0. Whether they want it or 
not, people are impacted by the revolution every single 
day. Automation, labour-saving production, lightning-fast 
product speed, and consistent quality are at the core of the 
fourth industrial revolution. One of the primary concerns 
is the use of automation as a means to effectively adapt to 
the strategic change that affects the national economy [62]. 
For logistics centres, the 4.0 revolution is bringing a lot of 
technology to support smarter and more flexible operations. 
New technologies are seen as a great support to meet the 
automation needs of logistics centres. Applying technology 
to logistics centres will help effectively manage the quantity, 
status, and flow of goods, in terms of time and cost.

The concept of ‘smart logistics’ has emerged in recent 
times, whereby advanced information technology serves as 
the fundamental basis for its implementation [63]-[64]. By 
processing information from all facets of logistics in real-
time and thoroughly evaluating it, contemporary integrated 
logistics systems can be intelligently implemented. End-
to-end visibility, improved transportation, warehousing, 
distribution processing, information services, and other 
aspects of smart logistics could all result in time and 
money savings. Additionally, it might be able to lessen the 
environmental damage that logistics causes. However, there 
are still difficult problems that must be solved before smart 
logistics can be implemented. One of the outstanding issues 
is the application of technology and connected activities 
in a logistics centre into a complete chain of activities, to 
overcome additional time and cost. In order to fulfil the needs 
of product storage, surveillance, safety, fire and explosion 
detection, and more, a smart logistics centre needs IoT 
equipment, such as IoT stacking shelves and an IoT inspection, 
as well as a monitoring system. The same degree of automation 
and network connectivity needs to be applied to machines 
and tools. It is obvious that IoT will play a pivotal role in the 
success of these modern logistics centres. These applications 
of IoT allow for the construction of a network-based cyber-
logistics system that can be managed by humans. The 
incorporation of intelligence, automation, and automated 
choices of technology (IoT), elements of the supply chain, 
and logistics 4.0 are other important topics to explore in 
the Fourth Industrial Revolution [65][66]. A modern smart 
logistics centre, with intelligent goods arrangement and 
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inventory management systems, is shown in Fig. 3. This is the 
result of the combination of many Industry 4.0 and Logistics 
4.0 ideas, including driverless cars, digital connections, and 
information security, with the core functions of a logistics 
centre.

Fig. 3. Operations of a smart Logistics Centre [67]

To meet the needs related to the intelligence of a logistics 
centre, the study by Yavas et al. [68] focused their research on 
the transformation of logistics centres in industrial revolution 
4.0 and identified key criteria for logistics centres in the new 
industrial era. The strategy was to look at the interactions 
between the operations of traditional logistics centres and 
then suggest a new framework for them. The four primary 
operations of logistics centres (handling management, 
information management, transport management, and 
warehouse management) were the basis for the twelve criteria 
for logistics centre 4.0 presented in this work. These criteria 
were acknowledged as the operational criteria at the logistics 
centre stated above and were linked to the four traditional 
criteria in the proposed framework [69], as illustrated in Fig. 4.

The operation of a smart logistics centre is based on the use 
of the latest technology, such as Big Data and IoT, to increase 
its operational efficiency. Through a decision support function 
based on logistics data, it also aids in the development of a 
managerial logistics operation plan. According to Cho [70], 
Logistics Centre 4.0 is based on IoT technologies. The data is 
collected and analysed using Big Data technology, the product 
is stored and transported based on the knowledge obtained 
through Artificial Intelligence, and a smart logistics centre 
system performs tasks automatically using robots. As the 
variety of items that need to be processed in a warehouse 
has grown over the past decade, conventional and manual 
techniques for warehouse management have proved to be 
unable to manage them. 

Fig. 4. A conceptual architecture for the 4.0 logistics hub [68]
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This has resulted in a rise in the use of information 
technology to facilitate warehouse operations. The WMS 
has evolved as more sophisticated tools and algorithms for 
managing warehouses have been made available since the 
turn of the 2000s [45][71]. With the advancement of both 
technology and the marketplace, however, the manufacturing 
of products has shifted from make-to-stock (MTS) to make-
to-order (MTO), leading to a dramatic rise in the number of 
commodities. As a result, new forms of warehouse technology 
are being integrated with existing warehouse management 
systems. In this article, a smart logistics centre is defined 
as having four 4.0 technologies: IoT, Blockchain, Big Data, 
and Cloud Computing. These technologies are applied for 
solving problems in logistics centres. In the next section, we 
analyse and review some applications that have been, and 
are being, applied at smart logistics centres. In addition, 
applicable policies, development possibilities, and future 
research directions will also be mentioned in this work.

Application of 4.0 technologies 
in logistics centres

The secret to creating a smart logistics centre is to use 
cutting-edge technologies to their fullest potential. Of these, 
IoT technology has emerged as a technology with outstanding 
data collection potential, helping managers to have a more 
holistic view of a logistics centre [72]-[73]. To facilitate data 
communication, exchange, and control among objects using 
distinct identifiers, a range of information sensing technologies 
are employed. These technologies encompass RFID, wireless 
sensor networks (WSN), and machine-to-machine systems. 

Additionally, embedded systems are also utilised, in 
conjunction with network communication technology, to 
achieve these objectives [26][74][75]. A sensor is apparatus 
that identifies and reacts to a  certain kind of stimulus 
originating from the surrounding physical milieu. The input 
might include a range of environmental phenomena, such 
as heat, light, motion, moisture, pressure, or other factors. 
Alternatively, the data might be communicated by electronic 
means over a network, enabling remote access for reading 
or further processing [76]. The classification of sensor types 
is presented in Table 2.

Connecting and collecting massive amounts of data from 
sensor systems in logistics hubs is made possible by Internet of 
Things applications. This data can come from many different 
sources, such as product volume, temperature, humidity, shelf 
location, etc. According to Uckelmann et al. [85], the IoT is 
dedicated to connecting the physical world to the virtual 
internet and its primary drivers of development are object 
self-identification, information sharing, and interactive 
processing. Machine-to-machine and human-to-machine 
interactions are made possible by IoT applications [86]. The 
technological components of the IoT have been extensively 
discussed in Miorandi et al. [87], Mishra et al. [88], Ng et al. 
[89], Whitmore et al. [90], and Li et al. [91]. Despite the fact 
that several types of smart logistics exist due to different 
priorities, all of them rely on the use of ICTs. A new working 
concept of smart logistics is centred on the movement of 
goods, based on cutting-edge technology and intelligent 
management. Fig. 5 shows the concept map of a smart logistics 
centre with four technologies in the current industry 4.0 era: 
IoT, Big Data, Blockchain, and Cloud computing [92].

Tab. 2. Classification of sensors [77]

Type of sensor Function Ref
GPS sensors The objective of this sensor is to determine the location of various components and to accurately detect 

and communicate the operational duration of equipment in the logistics centre.
[78][79][80]

Strain sensors Quantify the instantaneous deformation experienced by structural components in a timely manner. [81]
Accelerometer sensors This particular sensor is capable of detecting changes in gravitational acceleration, enabling 

the measurement of tilt, vibration, and acceleration.
[78][79]

Barometric sensors Barometric pressure sensors have been employed in many electronic devices such as smartphones, smart 
watches, and drones, to monitor air pressure readings and changes in altitude.

[78][79][82]

Wind-sensor, rain-sensor The objective is to observe and measure the velocity of wind, as well as the amount of precipitation. [83]
Fibre optic sensor The automation of operations might be achieved by the activation of the reader for RFID and GPS detectors. [84]
Laser sensor The objective is to ascertain the duration required for the production process of the equipment. [78]

Fig. 5. Intelligent logistics: a conceptual roadmap [92]
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Internet of things (IoT)

One potentially useful technology that might be included 
in a standard logistics system is the Internet of Things (IoT). 
Utilising Auto-ID methods, such as Barcode and Radio 
Frequency Identification (RFID), the IoT can accurately 
identify a wide range of things. The IoT would gather and 
record data in real-time from a wide variety of things, 
allowing for real-time visibility and traceability [93]. Data 
collected in real-time might be used for complex tasks like 
logistics route planning. The logistics sector has recently 
looked at wearable gadgets that combine IoT technology [94]. 
Logistics platforms have included state-of-the-art technology 
to allow for automated tracking of commodities and improved 
capabilities for logistics personnel [95]-[96]. With the help of 
IoT technology, a traditional logistics centre has the ability 
to connect devices and units, and manage those units within 
a network. Fig. 6 shows the connectivity and management 
capabilities of IoT in a logistics centre. 

Fig. 6. IoT application in logistics centre management [97]

In order to promote intelligent logistics for Industry 4.0, 
Lee et al. [98] suggested an IoT-based warehouse management 
system with an enhanced data analysis methodology, based on 
computational intelligence approaches. Data acquired from 
a case firm demonstrated that the suggested IoT-based WMS 
might increase warehouse productivity, picking accuracy, and 
efficiency, while also being resilient to order unpredictability. 
The authors also discovered that employing RFID might 
increase efficiency in order picking by warehouses, pickup 
time, and inventory accuracy. A smart WMS framework was 
announced by Hamdy and colleagues [99]. The warehouse 
manager could perform more real-time management and 
monitoring of the activities because of this solution. The 
adoption of WMS and IoT in warehouses was reviewed. The 
building components and levels of the IoT were also shown, 
carefully. 

Öner et al. [100] took a case study into account, for the 
application of RFID technology in the wool yarn sector. RFID 
is intended for the handling process, including receiving, 
picking, and shipping of semi-finished goods, as well as 
tracking work-in-progress, inventories, and stock levels. In 
order to accomplish this, an architectural framework for an 
RFID-based information system for the wool yarn sector 
was created and a cost-benefit analysis was carried out to 
determine whether the new system was cost-effective or 
not. Additionally, a risk analysis for RFID investments was 
performed. In the same study direction, a WMS was created 
by Tejesh et al. [101], based on RFID wireless communication 
technology. The IoT-based warehouse inventory management 
system is designed to track the products that are linked to tags 
and provide product information and their associated time 
stamps for additional verification. A server called Raspberry 
Pi would monitor and update all data. The entire system 
provides an archetype to match the material and information 
flow. The website is designed for ease of use and an interface 

for the user to track the products in mind. Comparing the 
developed system to the already-used warehouse inventory 
management systems, it was significantly more affordable 
and operated dynamically.

A logistics centre’s facilities were connected to a cloud 
centre, gateways, fog devices, edge devices, and sensors 
in Lin et al.’s [102] investigation of the deployment of an 
intelligent computing system. This work established an integer 
programming model for deploying gateways, fog devices, 
and edge devices in their respective potential sites, so that 
the total installation cost was minimised under constraints 
of maximal demand capacity, maximal latency time, 
coverage, and maximal capacity of devices. The locations 
of the cloud centres and sensors were determined based on 
the factory layout. The system’s deployment was simulated 
using a mathematical programming model, which chose 
the locations of the gateways, fog devices, and edge devices 
in the logistics centre, to minimise the overall installation 
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cost while maintaining the system’s maximum capacity for 
demand, latency, coverage, and device capacity. Two new 
paths in the study of the vehicle routing problem (VRP) in 
transportation management (under the umbrella of smart 
logistics) have emerged, because of intelligent technologies 
like IoT and ICT. First, studies on VRP began to focus on 
multi-objective models and enhanced intelligent algorithms 
for handling dynamic optimisation problems. Data-driven 
models and dynamic models with various objectives have 
drawn more attention from academics, in terms of model 
types, because they address real-time data updating and 
coordination amongst numerous transportation agents. 
Second, some researchers have shown that the use of Big 
Data and geospatial positioning technology enables smart 
logistics to perform activities like visualisation, prediction, 
control, and decision-making in VRPs [103].

For the purpose of organising fresh integrations of 
intelligent food logistics systems, Li et al. [104] presented 
a linear approach. The costs of overall production, inventory, 
and transportation were minimised, while average food 
quality was increased. Then, a fresh approach was created 
to resolve it by fusing the fuzzy logic method with constraint-
based two-stage heuristics. One case study and 185 randomly 
generated cases, with up to 100 stores and 12 periods, were 
used to evaluate the methodology. The case study’s calculation 
results showed that the suggested model and method could 
resolve a  real situation involving 40 merchants and 7 
periods. The authors’ method could give decision-makers 
a selection of Pareto solutions and assist them in selecting 
a preferred alternative. Moreover, Zhang [105] suggested 
a path decision approach based on an intelligent algorithm, 
merging the Cyber-Physical System’s characteristics with the 
existing logistical system. The equipment layer’s connectivity 
architecture and data processing utilised the IoT and cloud 
platform data storage technologies, which were based on the 
Cyber-Physical System’s logistics path decision model. The 
impacts of using ant colony, simulated annealing, and genetic 
algorithms on logistic path optimisation were thoroughly 
examined. It was determined that the ant colony algorithm 
had the best path optimisation impact in solving the logistics 
path decision, by comparing the shortest transport route and 
convergence rate under the three algorithm decisions.

Big Data

Data obtained from the market, such as consumer 
preferences and the experiences of logistics users, can be 
processed and analysed with the use of big data gathering 
technologies, allowing logistics firms to improve the quality 
of their services in response to client needs. Additionally, 
logistics firms can improve their overall competitiveness by 
collecting data about their target markets, such as logistical 
costs, basic pricing, and marketplace assets [106][107]. In 
order to improve supply chain management and logistics 
centre efficiency, Big Data analytics sparked a revolution 
in inventory monitoring, forecasting, and management. By 
analysing massive amounts of data, Big Data provided insights 

that would otherwise be impossible to reach, driving the 
warehouse closer to its full potential. In the study by Xie et 
al. [108], the researchers conducted a survey of companies, 
looking at how Big Data is being used in the management 
of logistics, and used logistics hubs as a case study for using 
time series models to predict cargo load capacity. The results 
showed how smart logistics built on Big Data may improve 
logistics in many ways, including efficiency, cost, and user 
experience. The authors also concluded that the leadership 
and making of decisions, customer relationship maintenance, 
and resource allocation of logistics firms would all greatly 
benefit from the judicious use of Big Data technologies. 
Wang et al. [109] also conducted research on the topic of 
locating logistics facilities through Big Data analysis. This 
issue was stated in the form of a nonlinear mixed-integer 
programme. The simulation analysed the effect of varying 
demand, distribution centre operating costs, international 
shipping, and client count on the optimal placement of 
distribution centres produced in random, massive datasets. 
The experimental data showed that the model provided 
was practical and stable. This case study demonstrated the 
practical use of Big Data in designing a distribution network 
by evaluating different potential network layouts.

Big data could be especially useful in inventory management, 
as mentioned in the study by Wang et al. [110], where it could 
aid the development of cutting-edge inventory optimisation 
systems, the forecasting of future inventory requirements, 
the meeting of fluctuating customer demands, the cutting of 
inventory costs, the attainment of a more complete picture of 
stock levels, the improvement of inventory flow and storage, 
and the reduction of safety stock. Big Data provided additional 
information about the logistics hubs that support certain 
industries. An advanced data mining strategy was presented 
by Vieira et al. [111], for an automobile sector firm based 
on their analysis of proof of concept Big Data in a logistics 
centre. Due to the dearth of pre-existing methods, the most 
cutting-edge one was employed. To better identify relevant 
data to assist decision-making, the suggested strategy focused 
on goals that were user-driven. Another shared objective was 
to facilitate communication and consensus during decision-
making. In order to ensure that the proper replacement parts 
were available for the right equipment at the right time and in 
the right amount, Zheng et al. [112] proposed an intelligent 
system for managing inventory that makes use of cutting-
edge technologies, such as the IoT and Big Data Analytics. 
The Singapore Economic Development Board anticipated 
that this approach would benefit the whole of the Singapore 
semiconductor sector in the future. The interactions between 
providers and consumers should be investigated further to 
find ways to improve openness, adaptability, and satisfaction.

Furthermore, Wahab et al. [113] set out to learn what 
variables in Malaysia’s warehousing industry were slowing 
down the use of Big Data analytics. The theoretical 
underpinning was the TOE model (technology-organisation-
environment). Partial least squares structural equation 
modelling was used to evaluate survey responses from 110 
logistics firms. The empirical findings indicated that the level 
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of adoption of Big Data analytics was influenced by relative 
advantage, technical infrastructure, absorptive capacity, 
and government backing, but that industry rivalry had little 
impact on noticeable gains. The results of this research should 
make it easier for warehouses to use Big Data analytics in 
the most effective ways possible. Big Data analytics are more 
likely to be adopted by warehouses that place an emphasis 
on operational excellence, ICT infrastructure, and the 
integration of new technologies.

The inclusion of Big Data in data collection in the warehouse 
is a very feasible option, making data reception more passive. 
In addition, the combination of Big Data and IoT is also a good 
technological solution for helping the logistics centre become 
automated. This was also a premise for conducting transport 
flow management outside the logistics centre. The combination 
of managing the flow of goods and motor vehicles in and out of 
a logistics centre would greatly help in reducing transportation 
costs, warehousing costs, and waiting costs.

Blockchain

For IoT or Big Data, the application of these technologies in 
logistics centres mean exploiting and processing information 
to achieve optimal goals, as well as reducing costs. However, 
the major drawback of the above applications is their 
transparency, as well as the ability to protect data, and this is 
what blockchain can do. By using examples and frameworks, 
Ahmad and colleagues [114] explored how blockchain 
technology might revolutionise port logistics and operations. 
In addition, researchers designed permissioned architectures 
to draw attention to the numerous elements, participants, 
and deployment options of port logistics services, in order to 
automate these processes. The results showed that blockchain 
technology could render it impossible for theft to happen, 
with documents linked to data management and storage, fleet 
management, trade paperwork, as-set and crew approval, and 
tracking shipments. This made transactions go more smoothly 
and built trust between authorities, organisations, and other 
players in the logistics centre transportation environment. 
With RFID tags, the supply chain process was described from 
the raw materials to the consumer. Each step was recorded in 
the blockchain to improve transparency, in which the activities 
at the logistics centre would be recorded, see Fig. 7.

Fig. 7. The use of blockchain technology inside a supply chain framework [115]

A paradigm for the combination of blockchain with the IoT 
was presented for a logistics centre by Aleksieva et al. [116]. 
This technology, which made use of smart contacts on the 
blockchain, might be used for the logistics of cross-docking 
warehouses and shipping. The model showed the ability to 
operate effectively when it was possible to classify items in 
a logistics centre very well, thereby increasing operational 
efficiency and reducing waiting times. Blockchain logistics 
‘apps’ for the optimum placement of intelligent transport 
logistics centres were created by Chen et al. [117], to make 
use of the blockchain system’s simplicity and IoT input 
devices. This strategy was used to monitor where goods 
were in the supply chain at any given time. Based on the 
results of the experiments, it was clear that the optimum 
location technique is superior to conventional approaches, 
in terms of the amount of computing required, the precision 
of the locations it produces, the total cost, and the ease with 
which warehouse locations might be determined. Applying 
an intelligent logistics system built on the IoT and blockchain 
technology helps businesses get a clearer picture of their stock 
levels and shipping progress in real-time. Thereby, it ensures 
the assets and capital turnover of the enterprise. 

It is impossible not to mention the traceability of 
blockchain technology as, with this ability, many applications 
have been launched, e.g. product traceability. In order to 
reliably record airplane parts and improve traceability 
data (with organisation-wide consensus and verification), 
Ho and colleagues [118] suggested a blockchain-based 
approach that was constructed using Hyperledger Composer 
and Hyperledger Fabric. Blockchain was also used to keep 
track of inventories at distribution facilities, cutting down 
on inefficiencies in both time and money. Kurdi et al. [119] 
analysed data from a sample size of 303 respondents, using 
regression and hypothesis testing with ANOVA, to apply 
a descriptive, exploratory, causal, and analytical design. One 
particularly noteworthy finding was the effect that blockchain 
and smart inventory systems had on the efficiency of supply 
chains and logistics hubs. Future studies should expand on 
the number of sectors and building types studied by using 
the same amount of organised research. On the other hand, 
Lakshmi et al. [120] used QR codes and blockchain technology 
to create a system for trustworthy distribution and open 



POLISH MARITIME RESEARCH, No 4/2023 139

inventory management. Distributors, retailers, suppliers, and 
manufacturers might all be linked via blockchain technology, 
with every transaction between them being permanently 
recorded. The use of QR codes helps the efficient management 
of this stock. Faster feedback loops mean fewer mistakes in 
inventory records and more reliable data for making well-
informed decisions at review intervals. 

Cloud computing

The term ‘cloud computing’ refers to the delivery of 
computing resources and functions through the internet. The 
key features of cloud computing include on-demand service 
delivery, widespread network access, shared resource pooling, 
scalability, and use monitoring and control. Since a large 
number of users might share identical assets, cloud-based 
platforms automatically monitor and measure the usage of 
resources for each user [121]. This allows users to make as little 
or as much use of the system’s capabilities as they see fit [122]. 
The most-mentioned advantages of cloud computing is that it 
reduces risks in the supply chain and limits the generation of 
waste. Supply chain risk might be mitigated and robustness 
improved in the same manner as cloud computing in logistics 
increases agility (by boosting speed, scalability, and visibility). 
In a poll by Accenture [123], 52% of supply chain executives 
claimed that cloud computing has helped them improve 
resilience. The executives also claimed a 26% improvement 
in the precision of demand projections as a result of using 
cloud computing. The effectiveness of supply networks in 
reducing waste and their long-term viability are under 
increasing examination. This was a major topic of discussion 
during COP26, held in Glasgow in 2021. Overall, 48% of 
supply chain executives polled by Accenture in 2021 [123] 
said that they had reduced waste because of cloud computing. 
Companies might use cloud computing to highlight waste 
and inefficiency in the supply chain and save costs, allowing 
them to make adjustments to reduce their waste. The cloud 
might assist businesses in reorganising their supply chains to 
improve efficiency, refine logistics and transport routes, and 
maximise resource use, all of which contribute to a smaller 
carbon footprint [124]. The application of cloud computing 
to each stage in the supply chain was an inevitable trend of 
businesses moving towards smart logistics. In the research by 
Jiang [125], the researcher took advantage of cloud computing 
to provide a strategy for determining the best geographical 
and transitable parameters for an international e-commerce 
logistics distribution hub. When micro-influences were taken 
into account, this model performed well. Transportation 
distances were stated to be reasonable, ranging from 3.5-7.5 
km, when using this approach. Based on this technology, 
Zhang [126] also presented a two-layer unloading system for 
a railway logistics centre using cloud-edge communication 
technology. The simulation findings demonstrated that the 
discharging technique described in this research reduced 
the total time cost of unloading by as much as 40%. This 
technology’s use also has the potential to expedite inter-
device communication and enhance the efficacy of railway 

data transfer. Sharma et al. [127] illustrated research on how 
to leverage cloud computing to improve retail warehouse 
distribution and supply chain management through 
Microsoft Azure technology. Microsoft Azure is utilised in 
retailing, shipping, and warehousing, as well as supply chain 
management. The utilisation of this technology helps cost 
savings and eases administration, with more adaptability and 
better oversight. These are just some of the benefits of using 
this kind of technology in retail centre logistics. Gupta et al. 
[128] also confirmed that a suitable application created by 
cloud computing may greatly facilitate the simplification and 
automation of logistics centre management. Sivakumar et al. 
[129] investigated the storage facilities at Chennai Harbour. 
The warehouse management system for the Chennai Port 
Trust is hosted in the cloud, so that numerous people may 
use it from off-site locations. According to the findings of this 
study, warehouse operations benefit from cloud computing, 
which increases productivity and streamlines the workflow. 
Furthermore, Barreto et al. [130] noted that electronic contacts 
with customers, trade partners, and carriers may be handled 
by integrating warehouse administration and transportation 
administration using cloud computing technologies. 

Policy implication for logistics 
centre development

Smart logistics centres powered by the IoT, Big Data, 
Blockchain, and Cloud Computing would be safer, more 
accurate, and more efficient. Additionally, the warehousing 
procedure would be expedited, and resources would be utilised 
to their full potential. In a centralised warehouse management 
system, decentralised decision-making was possible using IoT. 
The hurdles for IoT-based smart warehousing still lie in the 
selection of a storage allocation strategy and the optimisation 
of indoor routing. The technical limitations of RFID, the IoT’s 
limited technological capability, IoT standardisation issues, 
IoT data acquisition and processing issues, and IoT security 
and privacy concerns, are all obstacles to IoT-based smart 
logistics. IoT is unsuitable for sophisticated applications in 
logistics due to its constrained computing power and data 
processing capabilities. In transportation, IoT has a limited 
impact on cargo load optimisation and vehicle selection. IoT 
technology is unable to easily tackle the complicated problems 
of storage allocation and container/truck loading [131]. IoT 
could not be used to achieve the agile WMS [132]. Without 
the aid of an intelligent algorithm, IoT technology could not 
provide decision-making in truck route optimisation for 
the delivery of perishable goods [133]. IoT technology could 
gather large amounts of information about delivery resources 
and requirements [134][135], but it could not address how to 
improve the scheduling and use of delivery resources [20]. 
It is not sufficient to address the issues of resource waste and 
excessive cost in last-mile delivery. 

Logistics become more difficult during the handling, 
palletising, and transporting of custom or limited-edition 
products [136]. The occurrence of eventualities modifies 
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the demand for specific products quickly and calls for 
adjustments to the warehouse floor plan. Transportation 
scheduling changes at short notice also presents another 
difficulty for traditional logistics. In light of the transit stock 
being transported along the supply chain (and its scarcity, 
needs, and trends), the issues in current logistics centre on 
these factors [137][138], including spikes in the demand 
for otherwise stable products [139]. The desire to deploy 
Industry 4.0, according to Pereira et al. [140], involves a 
variety of technological hurdles with significant effects on 
many aspects of today’s manufacturing industry. Therefore, 
before implementation begins, it is crucial to define a plan 
for all the actors engaged in the entire value chain and to 
come to an agreement on security-related concerns, as well 
as the appropriate architecture. Furthermore, a lot of scholars 
claim that putting Industry 4.0 into practice is a difficult 
task that would probably take ten or more years to complete. 
Adopting this new manufacturing method involves several 
factors and presents a variety of obstacles and challenges, 
including social, political, and economic issues, in addition 
to technical, economic, scientific, and energy hurdles. The 
gathering, processing, and presentation of manufacturing 
process data were three new, demanding activities that 
they should be able to test out using specialised Industry 
4.0 technology [141]. Industry 4.0 has the potential to bring 
about significant changes in a number of areas that extend 
beyond the industrial sector and enable the development 
of new business models. With so much rivalry in today’s 
market, businesses must constantly adapt to be competitive 
in terms of cost, quality, and turnaround time [142]. Due 
to global competition, businesses need to be quick to adopt 
new technologies and provide new items to the market [143]. 
Designing productive, efficient, and adaptable techniques is 
necessary to ensure process competitiveness throughout the 
value chain [142]. The integration of new technologies into 
manufacturing processes, goods, and machinery is crucial 
to facilitating rapid response to changes in the marketplace 
[144]. One of the main obstacles faced by different countries 
is the lack of policies that allow technology to be applied to 
the logistics sector. Fig. 8 illustrates the relationship between 
logistics policy and governmental policies. It should be noted 
that logistics policy does not have a superior attitude toward 
other policies; rather, it implements some of these (such as 
security and transportation policies) and cooperates with 
others (e.g. industrial and maritime policies). Nonetheless, it 
should be considered in each area of its functioning, including 
in macroeconomic and detailed policies and (crucially) it 
should not be ‘closed’. This phenomenon is closely related 
to the processes of globalisation and aims to create a ‘no 
barriers’ relationship between regions, states, and continents, 
in terms of logistics [145]. 

Fig. 8. Links between logistics strategy and other industries [145]

The use of 4.0 technology also requires ties with other fields 
and sectors within a nation. Furthermore, only a small portion 
of 4.0 technology is used in logistics centre management. 
Here, the focus is on building a nation’s digital infrastructure 
and smart infrastructure. Although there are many questions 
about 4.0 technology’s ability to safeguard information, its 
practical applicability, and the expense of doing so, this is 
thought to be one of its most risky. Theft, or the disclosure of 
user-data kept in databases, might compromise user privacy 
and impact the customer service of the logistics centre [146]. 
However, ensuring data privacy is just one of the obstacles 
to overcome; lowering operational expenses is also crucial 
[147][148]RFID (radio-frequency identification. Many 
questions have been raised about whether the application 
of these technologies in logistics centres would really cut or 
increase costs. As an added argument, applying technologies 
in a uniform way, or prioritising each technology applied in 
logistics centres, would also be a topic for future research. 
Therefore, in addition to the priority policies aimed at macro-
development for countries, research directions for technology 
application should also be explored in future studies of 
logistics centres. Developing an acceptable application policy 
is a problem that requires further research. 

Conclusions and future prospects

Exponential growth in the number of products that are 
available has led to the persistent challenge of overload within 
logistics centres and freight operations in the logistics sector. 
Moreover, these activities not only result in the inefficient 
use of time and resources but also have detrimental effects 
on the environment. Hence, the use of novel technology 
arises as a viable approach to effectively address these issues 
in their entirety. The integration of advanced technologies, 
such as Big Data, Blockchain, Internet of Things, and Cloud 
Computing (commonly referred to as 4.0 technologies), has 
been extensively studied and applied in various domains. 
Through previous research and applications, this work 
has demonstrated the significant potential of these 4.0 
technologies in enhancing the operational capabilities and 
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efficiency of logistics centres, particularly in managing and 
controlling the movement of goods.

The primary uses of each technology are as follows: 
The Internet of Things (IoT) facilitates the collection of 
a substantial volume of data by using RFID tags affixed to 
individual packages and sensors installed throughout the 
whole of the logistics centre. The use of Big Data facilitates 
the processing of vast amounts of data in order to provide 
assistance for managerial decision-making. Blockchain 
technology in the logistics centre provides transparency 
across the whole of the workflow, including the arrival 
and departure of items. Cloud Computing facilitates the 
sharing of information while maintaining control, leading to 
continuous productivity improvements in logistics centres. 
The use of these technologies has the potential to enhance the 
intelligence and advancement of a logistics centre. In addition, 
it is recommended that future research is directed toward the 
development of a technologically advanced logistics centre 
that conforms to established environmental criteria. Hence, 
it can be inferred that the adoption of a green-smart logistics 
centre model will become an unavoidable trajectory in the 
future. This model would enable the systematic regulation 
of goods transportation to effectively cater to the substantial 
demand for commodities. Furthermore, these logistics 
hubs have the potential to function as seamless extensions 
of seaports, therefore mitigating congestion issues in port 
cities. Transportation operations within the logistics business 
are well acknowledged as being a significant contributor to 
environmental degradation. The escalation of congestion 
and prolonged waiting times at conventional logistics 
hubs and seaports has led to a significant rise in pollution 
levels, hence posing a substantial urban challenge. The use 
of 4.0 technologies enables the expeditious regulation of 
products inside centres, resulting in reduced waiting times 
and, subsequently, contributing to the mitigation of vehicle 
emissions. Hence, the establishment of a green and intelligent 
logistics centre emerges as a prominent research direction 
aimed at mitigating environmental pollution. Simultaneously, 
this development aligns with the evolving requirements of 
smart cities, which are experiencing rapid global growth. 

References

1.	 L. Atzori, A. Iera, and G. Morabito, “The internet of 
things: A survey,” Comput. networks, vol. 54, no. 15, pp. 
2787–2805, 2010.

2.	 D. Bandyopadhyay and J. Sen, “Internet of Things: 
Applications and Challenges in Technology and 
Standardization,” Wirel. Pers. Commun., vol. 58, no. 1, 
pp. 49–69, May 2011, doi: 10.1007/s11277-011-0288-5.

3.	 C. Bardaki, P. Kourouthanassis, and K. Pramatari, 
“Deploying RFID-Enabled Services in the Retail Supply 
Chain: Lessons Learned toward the Internet of Things,” 

Inf. Syst. Manag., vol. 29, no. 3, pp. 233–245, Jun. 2012, 
doi: 10.1080/10580530.2012.687317.

4.	 Hao Wang, O. L. Osen, Guoyuan Li, Wei Li, Hong-Ning 
Dai, and Wei Zeng, “Big data and industrial Internet of 
Things for the maritime industry in Northwestern Norway,” 
in TENCON 2015 - 2015 IEEE Region 10 Conference, Nov. 
2015, pp. 1–5. doi: 10.1109/TENCON.2015.7372918.

5.	 V. D. Bui and H. P. Nguyen, “A Comprehensive Review on 
Big Data-Based Potential Applications in Marine Shipping 
Management,” Int. J. Adv. Sci. Eng. Inf. Technol., vol. 11, no. 
3, pp. 1067–1077, Jun. 2021, doi: 10.18517/ijaseit.11.3.15350.

6.	 S. Altendorfer-Kaiser, “The Influence of Big Data on 
Production and Logistics,” 2017, pp. 221–227. doi: 
10.1007/978-3-319-66923-6_26.

7.	 H. P. Nguyen, P. Q. P. Nguyen, and V. D. Bui, “Applications 
of Big Data Analytics in Traffic Management in Intelligent 
Transportation Systems,” JOIV  Int. J. Informatics Vis., 
vol. 6, no. 1–2, pp. 177–187, May 2022, doi: 10.30630/
joiv.6.1-2.882.

8.	 C. S. Tang and L. P. Veelenturf, “The strategic role of 
logistics in the industry 4.0 era,” Transp. Res. Part E Logist. 
Transp. Rev., vol. 129, pp. 1–11, Sep. 2019, doi: 10.1016/j.
tre.2019.06.004.

9.	 A. Ferrari, G. Mangano, A. C. Cagliano, and A. De 
Marco, “4.0 Technologies in City Logistics: an Empirical 
Investigation of Contextual Factors,” Oper. Manag. 
Res., vol. 16, no. 1, pp. 345–362, 2023, doi: 10.1007/
s12063-022-00304-5.

10.	 H. Golpîra, S. A. R. Khan, and S. Safaeipour, “A review 
of logistics Internet-of-Things: Current trends and scope 
for future research,” J. Ind. Inf. Integr., vol. 22, p. 100194, 
Jun. 2021, doi: 10.1016/j.jii.2020.100194.

11.	 D. Peraković, M. Periša, and P. Zorić, “Challenges and 
Issues of ICT in Industry 4.0,” 2020, pp. 259–269. doi: 
10.1007/978-3-030-22365-6_26.

12.	 K. Witkowski, “Internet of Things, Big Data, Industry 
4.0 – Innovative Solutions in Logistics and Supply Chains 
Management,” Procedia Eng., vol. 182, pp. 763–769, 2017, 
doi: 10.1016/j.proeng.2017.03.197.

13.	 H. P. Nguyen, P. Q. P. Nguyen, D. K. P. Nguyen, V. D. 
Bui, and D. T. Nguyen, “Application of IoT Technologies 
in Seaport Management,” JOIV  Int. J. Informatics Vis., 
vol. 7, no. 1, p. 228, Mar. 2023, doi: 10.30630/joiv.7.1.1697.

14.	 A. Bekrar, A. Ait El Cadi, R. Todosijevic, and J. Sarkis, 
“Digitalizing the Closing-of-the-Loop for Supply 
Chains: A Transportation and Blockchain Perspective,” 



POLISH MARITIME RESEARCH, No 4/2023142

Sustainability, vol. 13, no. 5, p. 2895, Mar. 2021, doi: 
10.3390/su13052895.

15.	 M. Kouhizadeh, S. Saberi, and J. Sarkis, “Blockchain 
technology and the sustainable supply chain: Theoretically 
exploring adoption barriers,” Int. J. Prod. Econ., vol. 231, 
p. 107831, Jan. 2021, doi: 10.1016/j.ijpe.2020.107831.

16.	 A. A. Mukherjee, R. K. Singh, R. Mishra, and S. Bag, 
“Application of blockchain technology for sustainability 
development in agricultural supply chain: justification 
framework,” Oper. Manag. Res., vol. 15, no. 1–2, pp. 46–61, 
Jun. 2022, doi: 10.1007/s12063-021-00180-5.

17.	 M. A. Ahad, S. Paiva, G. Tripathi, and N. Feroz, “Enabling 
technologies and sustainable smart cities,” Sustain. 
Cities Soc., vol. 61, p. 102301, Oct. 2020, doi: 10.1016/j.
scs.2020.102301.

18.	 S. Bhardwaj, L. Jain, and S. Jain, “Cloud computing: 
A study of infrastructure as a service (IAAS),” Int. J. Eng. 
Inf. Technol., vol. 2, no. 1, pp. 60–63, 2010.

19.	 T.-M. Choi, S. W. Wallace, and Y. Wang, “Big Data 
Analytics in Operations Management,” Prod. Oper. 
Manag., vol. 27, no. 10, pp. 1868–1883, Oct. 2018, doi: 
10.1111/poms.12838.

20.	 D. Zhu, “IOT and big data based cooperative logistical 
delivery scheduling method and cloud robot system,” 
Futur. Gener. Comput. Syst., vol. 86, pp. 709–715, Sep. 
2018, doi: 10.1016/j.future.2018.04.081.

21.	 T. T. Le et al., “Management strategy for seaports aspiring 
to green logistical goals of IMO: Technology and policy 
solutions,” Polish Marit. Res., vol. 30, no. 2, pp. 165–187, 
2023, doi: 10.2478/pomr-2023-0031.

22.	 E. J. Khatib and R. Barco, “Optimization of 5G Networks 
for Smart Logistics,” Energies, vol. 14, no. 6, p. 1758, Mar. 
2021, doi: 10.3390/en14061758.

23.	 J.-Q. Li, F. R. Yu, G. Deng, C. Luo, Z. Ming, and Q. 
Yan, “Industrial Internet: A Survey on the Enabling 
Technologies, Applications, and Challenges,” IEEE 
Commun. Surv. Tutorials, vol. 19, no. 3, pp. 1504–1526, 
2017, doi: 10.1109/COMST.2017.2691349.

24.	 M. Liu, F. R. Yu, Y. Teng, V. C. M. Leung, and M. Song, 
“Performance Optimization for Blockchain-Enabled 
Industrial Internet of Things (IIoT) Systems: A Deep 
Reinforcement Learning Approach,” IEEE Trans. Ind. 
Informatics, vol. 15, no. 6, pp. 3559–3570, Jun. 2019, doi: 
10.1109/TII.2019.2897805.

25.	 C. Qiu, F. R. Yu, H. Yao, C. Jiang, F. Xu, and C. Zhao, 
“Blockchain-Based Software-Defined Industrial Internet 

of Things: A Dueling Deep ${Q}$ -Learning Approach,” 
IEEE Internet Things J., vol. 6, no. 3, pp. 4627–4639, Jun. 
2019, doi: 10.1109/JIOT.2018.2871394.

26.	 K. Ashton, “That ‘internet of things’ thing,” RFID J., vol. 
22, no. 7, pp. 97–114, 2009.

27.	 K. Witkowski, “Internet of Things, Big Data, Industry 
4.0 - Innovative Solutions in Logistics and Supply Chains 
Management,” Procedia Eng., vol. 182, pp. 763–769, 2017, 
doi: 10.1016/j.proeng.2017.03.197.

28.	 “Discussion: Will Warehouse Robots Completely Replace 
Traditional Logistics Industry Model?,” Geekplus, 2018.

29.	 R. Bergqvist, “Transport and logistics facilities expansion 
and social sustainability: A critical discussion and findings 
from the City of Gothenburg, Swe-den.” Gothenburg: 
Tesis Doctoral, 2016.

30.	 J. T. Bowen, “Moving places: the geography of warehousing 
in the US,” J. Transp. Geogr., vol. 16, no. 6, pp. 379–387, 
Nov. 2008, doi: 10.1016/j.jtrangeo.2008.03.001.

31.	 A. McKinnon, “The present and future land requirements 
of logistical activities,” Land use policy, vol. 26, pp. S293–
S301, Dec. 2009, doi: 10.1016/j.landusepol.2009.08.014.

32.	 Q. Yuan, “Environmental Justice in Warehousing 
Location,” J. Plan. Lit., vol. 33, no. 3, pp. 287–298, Aug. 
2018, doi: 10.1177/0885412217753841.

33.	 Q. Yuan, “Location of Warehouses and Environmental 
Justice,” J. Plan. Educ. Res., vol. 41, no. 3, pp. 282–293, 
Sep. 2021, doi: 10.1177/0739456X18786392.

34.	 Q. Yuan and J. Zhu, “Logistics sprawl in Chinese 
metropolises: Evidence from Wuhan,” J. Transp. 
Geogr., vol. 74, pp. 242–252, Jan. 2019, doi: 10.1016/j.
jtrangeo.2018.11.019.

35.	 F. Straube, A. L. Junge, P. Verhoeven, J. Reipert, and M. 
Mansfeld, Pathway of digital transformation in logistics : 
best practice concepts and future developments, no. July. 
2019. doi: 10.14279/depositonce-8502.

36.	 R. Narasimhan and S. W. Kim, “INFORMATION 
SYSTEM UTILIZATION STRATEGY FOR SUPPLY 
CHAIN INTEGRATION,” J. Bus. Logist., vol. 22, no. 2, pp. 
51–75, Sep. 2001, doi: 10.1002/j.2158-1592.2001.tb00003.x.

37.	 S. Kot, I. Goldbach, and B. Ślusarczyk, “Supply chain 
management in SMEs – Polish and Romanian approach,” 
Econ. Sociol., vol. 11, no. 4, pp. 142–156, Dec. 2018, doi: 
10.14254/2071-789X.2018/11-4/9.



POLISH MARITIME RESEARCH, No 4/2023 143

38.	 M. Levinson, The box: how the shipping container made 
the world smaller and the world economy bigger. Princeton 
University Press, 2016.

39.	 V. D. Bui and H. P. Nguyen, “The role of the inland 
container depot system in developing a  sustainable 
transport system,” Int. J. Knowledge-Based Dev., vol. 12, no. 
3/4, pp. 424–443, 2022, doi: 10.1504/IJKBD.2022.128914.

40.	 V. Aulin, A. Hrynkiv, S. Lysenko, A. Dykha, T. Zamota, 
and V. Dzyura, “Exploring a possibility to control the 
stressedstrained state of cylinder liners in diesel engines 
by the tribotechnology of alignment,” Eastern-European 
J. Enterp. Technol., vol. 3, no. 12 (99), pp. 6–16, Jun. 2019, 
doi: 10.15587/1729-4061.2019.171619.

41.	 V. Aulin, A. Hrinkiv, A. Dykha, M. Chernovol, O. 
Lyashuk, and S. Lysenko, “Substantiation of diagnostic 
parameters for determining the technical condition of 
transmission assemblies in trucks,” Eastern-European J. 
Enterp. Technol., vol. 2, no. 1 (92), pp. 4–13, Mar. 2018, 
doi: 10.15587/1729-4061.2018.125349.

42.	 J.-P. Rodrigue, The Geography of Transport Systems. Fifth 
edition. | Abingdon, Oxon ; New York, NY : Routledge, 
2020.: Routledge, 2020. doi: 10.4324/9780429346323.

43.	 F. Weidinger, N. Boysen, and M. Schneider, “Picker routing 
in the mixed-shelves warehouses of e-commerce retailers,” 
Eur. J. Oper. Res., vol. 274, no. 2, pp. 501–515, Apr. 2019, 
doi: 10.1016/j.ejor.2018.10.021.

44.	 V. Aulin et al., “Increasing the Functioning Efficiency of 
the Working Warehouse of the ‘UVK Ukraine’ Company 
Transport and Logistics Center,” Commun. - Sci. Lett. Univ. 
Zilina, vol. 22, no. 2, pp. 3–14, Apr. 2020, doi: 10.26552/
com.C.2020.2.3-14.

45.	 F. H. Staudt, G. Alpan, M. Di Mascolo, and C. M. T. 
Rodriguez, “Warehouse performance measurement: 
a literature review,” Int. J. Prod. Res., vol. 53, no. 18, pp. 
5524–5544, Sep. 2015, doi: 10.1080/00207543.2015.1030466.

46.	 A. Nettsträter, T. Geißen, M. Witthaut, D. Ebel, and J. 
Schoneboom, “Logistics Software Systems and Functions: 
An Overview of ERP, WMS, TMS and SCM Systems,” 2015, 
pp. 1–11. doi: 10.1007/978-3-319-13404-8_1.

47.	 “Logistics Centers Directions For Use,” EUROPLATFORMS 
EEIG, 2004.

48.	 A. T. Hoang et al., “Technological solutions for boosting 
hydrogen role in decarbonization strategies and net-zero 
goals of world shipping: Challenges and perspectives,” 
Renew. Sustain. Energy Rev., vol. 188, p. 113790, Dec. 2023, 
doi: 10.1016/j.rser.2023.113790.

49.	 A. T. Hoang et al., “Energy-related approach for reduction 
of CO2 emissions: A critical strategy on the port-to-ship 
pathway,” J. Clean. Prod., vol. 355, p. 131772, Jun. 2022, 
doi: 10.1016/j.jclepro.2022.131772.

50.	 S. Vakili, A. I. Ölçer, A. Schönborn, F. Ballini, and A. 
T. Hoang, “Energy‐related clean and green framework 
for shipbuilding community towards zero‐emissions: 
A strategic analysis from concept to case study,” Int. J. 
Energy Res., vol. 46, no. 14, pp. 20624–20649, Nov. 2022, 
doi: 10.1002/er.7649.

51.	 C. Altuntaş and O. Tuna, “Greening Logistics Centers: The 
Evolution of Industrial Buying Criteria Towards Green,” 
Asian J. Shipp. Logist., vol. 29, no. 1, pp. 59–80, Apr. 2013, 
doi: 10.1016/j.ajsl.2013.05.004.

52.	 C. Uyanık, G. Tuzkaya, S. Oguztimur, C. Uyanik, and S. 
Oğuzti̇mur, “A Literature Survey On Logistics Centers’ 
Location Selection Problem,” Sigma J. Eng. Nat. Sci., vol. 
36, no. 1, pp. 141–160, 2018.

53.	 B. Koldemir, M. Çanci, and E. Gönüler, “Büyük ölçekli kent 
planlamasında lojistik köyler,” İzmir Ulaşım Sempozyumu, 
pp. 8–9, 2009.

54.	 C. D. Higgins and M. R. Ferguson, “An Exploration of the 
Freight Village Concept and its Applicability to Ontario,” 
2011.

55.	 K. Rimienė and D. Grundey, “Logistics centre concept 
through evolution and definition,” Eng. Econ., vol. 54, no. 
4, pp. 87–95, 2007.

56.	 B. Erkayman, E. Gundogar, G. Akkaya, and M. Ipek, 
“A Fuzzy Topsis Approach For Logistics Center Location 
Selection,” J. Bus. Case Stud., vol. 7, no. 3, pp. 49–54, Apr. 
2011, doi: 10.19030/jbcs.v7i3.4263.

57.	 H. P. Nguyen, P. Q. P. Nguyen, and T. P. Nguyen, “Green 
Port Strategies in Developed Coastal Countries as Useful 
Lessons for the Path of Sustainable Development: A case 
study in Vietnam,” Int. J. Renew. Energy Dev., vol. 11, no. 
4, pp. 950–962, Nov. 2022, doi: 10.14710/ijred.2022.46539.

58.	 İ. ÖNDEN, F. Eldemir, and M. Canci, “Logistics center 
concept and location decision criteria,” Sigma J. Eng. Nat. 
Sci., vol. 33, no. 3, pp. 325–340, 2015.

59.	 R. Kaynak, İ. Koçoğlu, and A. E. Akgün, “The Role of 
Reverse Logistics in the Concept of Logistics Centers,” 
Procedia - Soc. Behav. Sci., vol. 109, pp. 438–442, Jan. 2014, 
doi: 10.1016/j.sbspro.2013.12.487.

60.	 H. P. Nguyen, “Blockchain-an indispensable development 
trend of logistics industry in Vietnam: Current situation 



POLISH MARITIME RESEARCH, No 4/2023144

and recommended solutions,” Int. J. e-Navigation Marit. 
Econ., vol. 13, pp. 14–22, 2019.

61.	 V. D. Bui and H. P. Nguyen, “A Systematized Review on 
Rationale and Experience to Develop Advanced Logistics 
Center System in Vietnam,” Webology, vol. 18, pp. 89–101, 
2021.

62.	 H. Makino, K. Tamada, K. Sakai, and S. Kamijo, “Solutions 
for urban traffic issues by ITS technologies,” IATSS 
Res., vol. 42, no. 2, pp. 49–60, Jul. 2018, doi: 10.1016/j.
iatssr.2018.05.003.

63.	 S. Lee, Y. Kang, and V. V. Prabhu, “Smart logistics: 
distributed control of green crowdsourced parcel services,” 
Int. J. Prod. Res., vol. 54, no. 23, pp. 6956–6968, Dec. 2016, 
doi: 10.1080/00207543.2015.1132856.

64.	 A. Kawa, “SMART Logistics Chain,” in Intelligent 
Information and Database Systems, 2012, pp. 432–438. 
doi: 10.1007/978-3-642-28487-8_45.

65.	 H. P. Nguyen, “Sustainable development of logistics in 
Vietnam in the period 2020-2025,” Int. J. Innov. Creat. 
Chang., vol. 11, no. 3, pp. 665–682, 2020.

66.	 J. Mehmann and F. Teuteberg, “Process reengineering by 
using the 4PL approach,” Bus. Process Manag. J., vol. 22, no. 
4, pp. 879–902, Jul. 2016, doi: 10.1108/BPMJ-12-2014-0119.

67.	 Y. M. Tang, G. T. S. Ho, Y. Y. Lau, and S. Y. Tsui, “Integrated 
Smart Warehouse and Manufacturing Management with 
Demand Forecasting in Small-Scale Cyclical Industries,” 
Machines, vol. 10, no. 6, 2022.

68.	 V. Yavas and Y. D. Ozkan-Ozen, “Logistics centers in the 
new industrial era: A proposed framework for logistics 
center 4.0,” Transp. Res. Part E Logist. Transp. Rev., vol. 
135, p. 101864, Mar. 2020, doi: 10.1016/j.tre.2020.101864.

69.	 S. Winkelhaus and E. H. Grosse, “Logistics 4.0: 
a systematic review towards a new logistics system,” 
Int. J. Prod. Res., vol. 58, no. 1, pp. 18–43, Jan. 2020, doi: 
10.1080/00207543.2019.1612964.

70.	 G. S. Cho, “A Study on Establishment of Smart Logistics 
Center based on Logistics 4.0,” J. Multimed. Inf. Syst., vol. 
5, no. 4, pp. 265-272., 2018, doi: http://dx.doi.org/10.9717/
JMIS.2018.5.4.265.

71.	 W. Hamdy, N. Mostafa, and H. Elawady, “Towards a smart 
warehouse management system,” Proc. Int. Conf. Ind. Eng. 
Oper. Manag., vol. 2018, no. SEP, pp. 2555–2563, 2018.

72.	 H. CHOW, K. CHOY, W. LEE, and K. LAU, “Design 
of a RFID case-based resource management system for 

warehouse operations,” Expert Syst. Appl., vol. 30, no. 4, 
pp. 561–576, May 2006, doi: 10.1016/j.eswa.2005.07.023.

73.	 V. Sharma, I. You, G. Pau, M. Collotta, J. Lim, and J. 
Kim, “LoRaWAN-Based Energy-Efficient Surveillance by 
Drones for Intelligent Transportation Systems,” Energies, 
vol. 11, no. 3, p. 573, Mar. 2018, doi: 10.3390/en11030573.

74.	 R. H. Weber and R. Weber, “Governance of the Internet 
of Things,” in Internet of Things, Berlin, Heidelberg: 
Springer Berlin Heidelberg, 2010, pp. 69–100. doi: 
10.1007/978-3-642-11710-7_4.

75.	 X. Feng, L. T. Yang, L. Wang, and A. Vinel, “Internet of 
things,” Int. J. Commun. Syst., vol. 25, no. 9, pp. 1101–1102, 
2012.

76.	 Robert Sheldon, “Definition Sensor,” 2022.

77.	 M. Wang, C. C. Wang, S. Sepasgozar, and S. Zlatanova, 
“A Systematic Review of Digital Technology Adoption 
in Off-Site Construction: Current Status and Future 
Direction towards Industry 4.0,” Buildings, vol. 10, no. 
11, p. 204, Nov. 2020, doi: 10.3390/buildings10110204.

78.	 C. Mao, X. Tao, H. Yang, R. Chen, and G. Liu, “Real-
time carbon emissions monitoring tool for prefabricated 
construction: An iot-based system framework,” in 
International Conference on Construction and Real Estate 
Management 2018, 2018, pp. 121–127.

79.	 G. Liu et al., “Cyber-physical system-based real-time 
monitoring and visualization of greenhouse gas emissions 
of prefabricated construction,” J. Clean. Prod., vol. 246, 
p. 119059, Feb. 2020, doi: 10.1016/j.jclepro.2019.119059.

80.	 Y. Zhai et al., “An Internet of Things-enabled BIM platform 
for modular integrated construction: A case study in Hong 
Kong,” Adv. Eng. Informatics, vol. 42, p. 100997, Oct. 2019, 
doi: 10.1016/j.aei.2019.100997.

81.	 M. Valinejadshoubi, A. Bagchi, and O. Moselhi, 
“Development of a BIM-Based Data Management System 
for Structural Health Monitoring with Application 
to Modular Buildings: Case Study,” J. Comput. Civ. 
Eng., vol. 33, no. 3, May 2019, doi: 10.1061/(ASCE)
CP.1943-5487.0000826.

82.	 my Murata, “Barometric Pressure Sensor Basics.”

83.	 X. Li, H. Chi, P. Wu, and G. Q. Shen, “Smart work 
packaging-enabled constraint-free path re-planning for 
tower crane in prefabricated products assembly process,” 
Adv. Eng. Informatics, vol. 43, p. 101008, Jan. 2020, doi: 
10.1016/j.aei.2019.101008.



POLISH MARITIME RESEARCH, No 4/2023 145

84.	 Z. Wang, H. Hu, and W. Zhou, “RFID Enabled Knowledge-
Based Precast Construction Supply Chain,” Comput. Civ. 
Infrastruct. Eng., vol. 32, no. 6, pp. 499–514, Jun. 2017, doi: 
10.1111/mice.12254.

85.	 D. Uckelmann, M. Harrison, and F. Michahelles, “An 
Architectural Approach Towards the Future Internet 
of Things,” in Architecting the Internet of Things, Berlin, 
Heidelberg: Springer Berlin Heidelberg, 2011, pp. 1–24. 
doi: 10.1007/978-3-642-19157-2_1.

86.	 R. K. Chahal, N. Kumar, and S. Batra, “Trust management 
in social Internet of Things: A taxonomy, open issues, and 
challenges,” Comput. Commun., vol. 150, pp. 13–46, Jan. 
2020, doi: 10.1016/j.comcom.2019.10.034.

87.	 D. Miorandi, S. Sicari, F. De Pellegrini, and I. Chlamtac, 
“Internet of things: Vision, applications and research 
challenges,” Ad Hoc Networks, vol. 10, no. 7, pp. 1497–1516, 
Sep. 2012, doi: 10.1016/j.adhoc.2012.02.016.

88.	 D. Mishra, A. Gunasekaran, S. J. Childe, T. Papadopoulos, 
R. Dubey, and S. Wamba, “Vision, applications and future 
challenges of Internet of Things,” Ind. Manag. Data Syst., 
vol. 116, no. 7, pp. 1331–1355, Aug. 2016, doi: 10.1108/
IMDS-11-2015-0478.

89.	 I. C. L. Ng and S. Y. L. Wakenshaw, “The Internet-of-
Things: Review and research directions,” Int. J. Res. 
Mark., vol. 34, no. 1, pp. 3–21, Mar. 2017, doi: 10.1016/j.
ijresmar.2016.11.003.

90.	 A. Whitmore, A. Agarwal, and L. Da Xu, “The Internet of 
Things—A survey of topics and trends,” Inf. Syst. Front., 
2015, doi: 10.1007/s10796-014-9489-2.

91.	 L. Da Xu, W. He, and S. Li, “Internet of Things in Industries: 
A Survey,” IEEE Trans. Ind. Informatics, vol. 10, no. 4, pp. 
2233–2243, Nov. 2014, doi: 10.1109/TII.2014.2300753.

92.	 Y. Ding, M. Jin, S. Li, and D. Feng, “Smart logistics based 
on the internet of things technology: an overview,” Int. 
J. Logist. Res. Appl., vol. 24, no. 4, pp. 323–345, Jul. 2021, 
doi: 10.1080/13675567.2020.1757053.

93.	 R. Y. Zhong, Q. Y. Dai, T. Qu, G. J. Hu, and G. Q. Huang, 
“RFID-enabled real-time manufacturing execution system 
for mass-customization production,” Robot. Comput. 
Integr. Manuf., vol. 29, no. 2, pp. 283–292, Apr. 2013, doi: 
10.1016/j.rcim.2012.08.001.

94.	 X. T. R. Kong, X. Yang, G. Q. Huang, and H. Luo, “The 
impact of industrial wearable system on industry 4.0,” in 
2018 IEEE 15th International Conference on Networking, 
Sensing and Control (ICNSC), Mar. 2018, pp. 1–6. doi: 
10.1109/ICNSC.2018.8361266.

95.	 G.-S. Cho, “A study on establishment of smart logistics 
center based on logistics 4.0,” J. Multimed. Inf. Syst., vol. 
5, no. 4, pp. 265–272, 2018.

96.	 W. Wu, C. Cheung, S. Y. Lo, R. Y. Zhong, and G. Q. Huang, 
“An IoT-enabled Real-time Logistics System for A Third 
Party Company: A Case Study,” Procedia Manuf., vol. 49, 
pp. 16–23, 2020, doi: 10.1016/j.promfg.2020.06.005.

97.	 Oleksii Kholodenko, “IOT IN WAREHOUSE 
MANAGEMENT — EXTENSIVE GUIDE,” 2022.

98.	 C. K. M. Lee, Y. Lv, K. K. H. Ng, W. Ho, and K. L. Choy, 
“Design and application of Internet of things-based 
warehouse management system for smart logistics,” Int. 
J. Prod. Res., vol. 56, no. 8, pp. 2753–2768, Apr. 2018, doi: 
10.1080/00207543.2017.1394592.

99.	 W. Hamdy, N. Mostafa, and H. Elawady, “Towards a smart 
warehouse management system,” in Proceedings of the 
International Conference on Industrial Engineering and 
Operations Management, 2018, pp. 2555–2563.

100.	M. Oner, A. Budak, and A. Ustundag, “RFID-based 
warehouse management system in wool yarn industry,” 
Int. J. RF Technol., vol. 8, no. 4, pp. 165–189, Feb. 2018, 
doi: 10.3233/RFT-171655.

101.	B. S. S. Tejesh and S. Neeraja, “Warehouse inventory 
management system using IoT and open source 
framework,” Alexandria Eng. J., vol. 57, no. 4, pp. 3817–
3823, Dec. 2018, doi: 10.1016/j.aej.2018.02.003.

102.	C.-C. Lin and J.-W. Yang, “Cost-Efficient Deployment of 
Fog Computing Systems at Logistics Centers in Industry 
4.0,” IEEE Trans. Ind. Informatics, vol. 14, no. 10, pp. 4603–
4611, Oct. 2018, doi: 10.1109/TII.2018.2827920.

103.	B. Feng and Q. Ye, “Operations management of smart 
logistics: A literature review and future research,” Front. 
Eng. Manag., vol. 8, no. 3, pp. 344–355, Sep. 2021, doi: 
10.1007/s42524-021-0156-2.

104.	Y. Li, F. Chu, C. Feng, C. Chu, and M. Zhou, “Integrated 
Production Inventory Routing Planning for Intelligent 
Food Logistics Systems,” IEEE Trans. Intell. Transp. 
Syst., vol. 20, no. 3, pp. 867–878, Mar. 2019, doi: 10.1109/
TITS.2018.2835145.

105.	N. Zhang, “Smart Logistics Path for Cyber-Physical 
Systems With Internet of Things,” IEEE Access, vol. 6, pp. 
70808–70819, 2018, doi: 10.1109/ACCESS.2018.2879966.

106.	S. Jagtap, F. Bader, G. Garcia-Garcia, H. Trollman, T. 
Fadiji, and K. Salonitis, “Food Logistics 4.0: Opportunities 
and Challenges,” Logistics, vol. 5, no. 1, p. 2, Dec. 2020, 
doi: 10.3390/logistics5010002.



POLISH MARITIME RESEARCH, No 4/2023146

107.	Q. Zhang, L. Shi, and S. Sun, “Optimization of Intelligent 
Logistics System Based on Big Data Collection Techniques,” 
2023, pp. 378–387. doi: 10.1007/978-3-031-31860-3_40.

108.	M. E. Xie and Q. Ou, “Explore the Application of Big Data 
Technology in Modern Enterprise Logistics Management,” 
2023, pp. 150–161. doi: 10.1007/978-3-031-24468-1_14.

109.	G. Wang, A. Gunasekaran, and E. W. T. Ngai, “Distribution 
network design with big data: model and analysis,” Ann. 
Oper. Res., vol. 270, no. 1–2, pp. 539–551, Nov. 2018, doi: 
10.1007/s10479-016-2263-8.

110.	G. Wang, A. Gunasekaran, E. W. T. Ngai, and T. 
Papadopoulos, “Big data analytics in logistics and supply 
chain management: Certain investigations for research 
and applications,” Int. J. Prod. Econ., vol. 176, pp. 98–110, 
Jun. 2016, doi: 10.1016/j.ijpe.2016.03.014.

111.	A. A. C. Vieira, L. Pedro, M. Y. Santos, J. M. Fernandes, 
and L. S. Dias, “Data Requirements Elicitation in 
Big Data Warehousing,” 2019, pp. 106–113. doi: 
10.1007/978-3-030-11395-7_10.

112.	M. Zheng and K. Wu, “Smart spare parts management 
systems in semiconductor manufacturing,” Ind. Manag. 
Data Syst., vol. 117, no. 4, pp. 754–763, May 2017, doi: 
10.1108/IMDS-06-2016-0242.

113.	S. N. Wahab, M. I. Hamzah, N. M. Sayuti, W. C. Lee, 
and S. Y. Tan, “Big data analytics adoption: an empirical 
study in the Malaysian warehousing sector,” Int. J. Logist. 
Syst. Manag., vol. 40, no. 1, p. 121, 2021, doi: 10.1504/
IJLSM.2021.117703.

114.	R. W. Ahmad, H. Hasan, R. Jayaraman, K. Salah, and 
M. Omar, “Blockchain applications and architectures for 
port operations and logistics management,” Res. Transp. 
Bus. Manag., vol. 41, p. 100620, Dec. 2021, doi: 10.1016/j.
rtbm.2021.100620.

115.	S. Johar, N. Ahmad, W. Asher, H. Cruickshank, and A. 
Durrani, “Research and Applied Perspective to Blockchain 
Technology: A Comprehensive Survey,” Appl. Sci., vol. 11, 
no. 14, p. 6252, Jul. 2021, doi: 10.3390/app11146252.

116.	V. Aleksieva, H. Valchanov, A. Haka, and D. Dinev, 
“Logistics Model Based on Smart Contracts on Blockchain 
and IoT,” in EEPES’23, Jul. 2023, p. 8. doi: 10.3390/
engproc2023041008.

117.	J. Chen, S. Xu, K. Liu, S. Yao, X. Luo, and H. Wu, “Intelligent 
Transportation Logistics Optimal Warehouse Location 
Method Based on Internet of Things and Blockchain 
Technology,” Sensors, vol. 22, no. 4, p. 1544, Feb. 2022, 
doi: 10.3390/s22041544.

118.	G. T. S. Ho, Y. M. Tang, K. Y. Tsang, V. Tang, and K. 
Y. Chau, “A  blockchain-based system to enhance 
aircraft parts traceability and trackability for inventory 
management,” Expert Syst. Appl., vol. 179, p. 115101, Oct. 
2021, doi: 10.1016/j.eswa.2021.115101.

119.	B. Al Kurdi, H. M. Alzoubi, I. Akour, and M. T. Alshurideh, 
“The effect of blockchain and smart inventory system on 
supply chain performance: Empirical evidence from retail 
industry,” Uncertain Supply Chain Manag., vol. 10, no. 4, 
pp. 1111–1116, 2022, doi: 10.5267/j.uscm.2022.9.001.

120.	G. V. Lakshmi, S. Gogulamudi, B. Nagaeswari, and S. 
Reehana, “BlockChain Based Inventory Management by 
QR Code Using Open CV,” in 2021 International Conference 
on Computer Communication and Informatics (ICCCI), 
Jan. 2021, pp. 1–6. doi: 10.1109/ICCCI50826.2021.9402666.

121.	T. Mladenović, “Cloud Computing in logistics,” University 
of Belgrade, 2018.

122.	G. R and L. M, “The Concept of Logistics 4.0,” 4th Logist. 
Int. Conf., pp. 283–293, 2019.

123.	Accenture, “The state of of supply The state supply chain 
and the cloud chain and the cloud,” 2022.

124.	Maersk, “How cloud computing is shaping the future of 
logistics,” 2023.

125.	Y. Jiang, “Location and Path Planning of Cross-Border 
E-Commerce Logistics Distribution Center in Cloud 
Computing Environment,” 2021, pp. 30–40. doi: 
10.1007/978-3-030-67871-5_4.

126.	X. Zhang, “Optimization design of railway logistics 
center layout based on mobile cloud edge computing,” 
PeerJ Comput. Sci., vol. 9, p. e1298, Apr. 2023, doi: 10.7717/
peerj-cs.1298.

127.	P. Sharma and S. Panda, “Cloud Computing for Supply 
Chain Management and Warehouse Automation: A Case 
Study of Azure Cloud,” Int. J. Smart Sens. Adhoc Network., 
pp. 19–29, Jan. 2023, doi: 10.47893/IJSSAN.2023.1227.

128.	B. Gupta, A. Gupta, and A. Nagpal, “Implementation of 
Warehouse Management Through Cloud Computing,” 
IJIRST-International J. Innov. Res. Sci. Technol., vol. 3, no. 
10, pp. 189–192, 2017.

129.	V. Sivakumar, R. Ruthramathi, and S. Leelapriyadharsini, 
“Challenges of Cloud Computing in Warehousing 
Operations with Respect to Chennai Port Trust,” in 
Proceedings of the 2020 the 3rd International Conference 
on Computers in Management and Business, Jan. 2020, 
pp. 162–165. doi: 10.1145/3383845.3383895.



POLISH MARITIME RESEARCH, No 4/2023 147

130.	L. Barreto, A. Amaral, and T. Pereira, “Industry 4.0 
implications in logistics: an overview,” Procedia Manuf., vol. 
13, pp. 1245–1252, 2017, doi: 10.1016/j.promfg.2017.09.045.

131.	M. Vanderroost, P. Ragaert, J. Verwaeren, B. De Meulenaer, 
B. De Baets, and F. Devlieghere, “The digitization of a food 
package’s life cycle: Existing and emerging computer 
systems in the pre-logistics phase,” Comput. Ind., vol. 87, 
pp. 1–14, May 2017, doi: 10.1016/j.compind.2017.02.002.

132.	J. Yan et al., “Intelligent Supply Chain Integration and 
Management Based on Cloud of Things,” Int. J. Distrib. 
Sens. Networks, vol. 10, no. 3, p. 624839, Mar. 2014, doi: 
10.1155/2014/624839.

133.	Y. P. Tsang, K. L. Choy, C.-H. Wu, G. T. S. Ho, H. Y. Lam, 
and V. Tang, “An intelligent model for assuring food 
quality in managing a multi-temperature food distribution 
centre,” Food Control, vol. 90, pp. 81–97, Aug. 2018, doi: 
10.1016/j.foodcont.2018.02.030.

134.	P. J. B. Sanchez et al., “Use of UIoT for Offshore Surveys 
Through Autonomous Vehicles,” Polish Marit. Res., vol. 28, 
no. 3, pp. 175–189, Sep. 2021, doi: 10.2478/pomr-2021-0044.

135.	M. Drzewiecki and J. Guziński, “Design of an Autonomous 
IoT Node Powered by a Perovskite-Based Wave Energy 
Converter,” Polish Marit. Res., vol. 30, no. 3, pp. 142–152, 
Sep. 2023, doi: 10.2478/pomr-2023-0047.

136.	N. D. K. Pham, G. H. Dinh, H. T. Pham, J. Kozak, and H. 
P. Nguyen, “Role of Green Logistics in the Construction of 
Sustainable Supply Chains,” Polish Marit. Res., vol. 30, no. 
3, pp. 191–211, Sep. 2023, doi: 10.2478/pomr-2023-0052.

137.	A. Oke and M. Gopalakrishnan, “Managing disruptions 
in supply chains: A case study of a retail supply chain,” 
Int. J. Prod. Econ., vol. 118, no. 1, pp. 168–174, Mar. 2009, 
doi: 10.1016/j.ijpe.2008.08.045.

138.	T. K. Dasaklis, C. P. Pappis, and N. P. Rachaniotis, 
“Epidemics control and logistics operations: A review,” 
Int. J. Prod. Econ., vol. 139, no. 2, pp. 393–410, Oct. 2012, 
doi: 10.1016/j.ijpe.2012.05.023.

139.	S. Columbus, “Honesty-Humility, Beliefs, and Prosocial 
Behaviour: A Test on Stockpiling During the COVID-19 
Pandemic,” Collabra Psychol., vol. 7, no. 1, Feb. 2021, doi: 
10.1525/collabra.19028.

140.	A. C. Pereira and F. Romero, “A review of the meanings 
and the implications of the Industry 4.0 concept,” Procedia 
Manuf., vol. 13, pp. 1206–1214, 2017, doi: 10.1016/j.
promfg.2017.09.032.

141.	H. Unger, F. Börner, and E. Müller, “Context Related 
Information Provision in Industry 4.0 Environments,” 

Procedia Manuf., vol. 11, pp. 796–805, 2017, doi: 10.1016/j.
promfg.2017.07.181.

142.	U. Dombrowski, T. Richter, and P. Krenkel, 
“Interdependencies of Industrie 4.0 &amp; Lean Production 
Systems: A Use Cases Analysis,” Procedia Manuf., vol. 11, 
pp. 1061–1068, 2017, doi: 10.1016/j.promfg.2017.07.217.

143.	F. Hecklau, M. Galeitzke, S. Flachs, and H. Kohl, “Holistic 
Approach for Human Resource Management in Industry 
4.0,” Procedia CIRP, vol. 54, pp. 1–6, 2016, doi: 10.1016/j.
procir.2016.05.102.

144.	A. G. Pereira*, T. M. Lima, and F. Charrua-Santos, 
“Industry 4.0 and Society 5.0: Opportunities and Threats,” 
Int. J. Recent Technol. Eng., vol. 8, no. 5, pp. 3305–3308, 
Jan. 2020, doi: 10.35940/ijrte.D8764.018520.

145.	J. Korczak and K. Kijewska, “Smart Logistics in the 
development of Smart Cities,” Transp. Res. Procedia, vol. 
39, pp. 201–211, 2019, doi: 10.1016/j.trpro.2019.06.022.

146.	D. S. Terzi, R. Terzi, and S. Sagiroglu, “A survey on 
security and privacy issues in big data,” in 2015 10th 
International Conference for Internet Technology and 
Secured Transactions (ICITST), Dec. 2015, pp. 202–207. 
doi: 10.1109/ICITST.2015.7412089.

147.	V. N. Inukollu, S. Arsi, and S. Rao Ravuri, “Security Issues 
Associated with Big Data in Cloud Computing,” Int. J. 
Netw. Secur. Its Appl., vol. 6, no. 3, pp. 45–56, May 2014, 
doi: 10.5121/ijnsa.2014.6304.

148.	K. Buntak, M. Kovačić, and M. Mutavdžija, “Internet of 
things and smart warehouses as the future of logistics,” 
Teh. Glas., vol. 13, no. 3, pp. 248–253, Sep. 2019, doi: 
10.31803/tg-20190215200430.


