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Abstract

The study aims to examine the adoption of Industry 4.0 technologies in the transportation industry and their impact
on enhancing sustainability. A systematic literature review was conducted to identify the application and impact of
Industry 4.0 in the transportation industry within the context of sustainability. The results showed that Industry 4.0
technologies have significantly contributed to sustainability in the transportation sector. Blockchain technology.
Internet of Things (1oT). Artificial intelligence (Al), big data analytics (BDA), Radio Frequency Identification (RFID),
Global Positioning System (GPS), and the use of robotics and sensors are found to be the most prominent technologies
used in the transportation industry. The results also indicated some key challenges which include higher investment
costs, cyber security threats, technological integration, and insufficient qualified and skilled human resources. The
study provides valuable insight to businesses and policymakers. Industry 4.0 technologies have the crucial potential
to resolve transportation and logistics disruptions and improve sustainable performance. Future studies could
investigate to fully understand the long-term effects of Industry 4.0 on sustainability in the transportation sector and
the potential for new technologies to further improve transportation systems and explore the barriers to adopting
Industry 4.0 technologies in different contexts.
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1. Introduction

Globally, the organizations are transforming into digital form known as Industry 4.0 (Sony & Naik, 2019). Industry
4.0 is transforming the global supply chain industry by integrating advanced technologies such as artificial
intelligence, the Internet of Things, blockchain, data analytics, robotics, etc. This integration is leading to significant
changes in the way industries work across the world. These technologies have an extensive influence on day-to-day
business activities including transportation sector (Bagloee et al., 2016). The transportation industry plays a vital role
in the movement of goods and people across borders, connecting different regions of the world. The integration of
transportation and Industry 4.0 can revolutionize the transportation industry by optimizing routes, reducing energy
consumption, and enhancing safety and reliability. Furthermore, the Industry 4.0 enabled sustainable transportation
system benefits a lot because of its data-driven proactive planning, real-time decision-making, and autonomous
operations (Sun et al., 2021).

However, the global focus on sustainability is driving industries to operate in a greener manner (Khan et al., 2023).
Companies are more concerned and focused on making their supply chain greener (Diabat & Govindan, 2011). By
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adopting Industry 4.0 technologies in transportation, the industry can transform and improve efficiency, safety, and
sustainability. However, the way, sustainability is impacting Industry 4.0 and its contribution to sustainable economic,
environmental, and social development is gaining prominence and much more attention (Ghobakhloo, 2020).
Developing countries like India, , Bangladesh, and Pakistan are still at an early stage of adopting Industry 4.0 in the
transportation industry. The reason could be it is very difficult to change the perception of users towards the effective
implementation of new technologies (Khan, et al., 2022). Thus, these countries are facing various challenges and
barriers in adopting these technologies. Despite this, the government of Pakistan has established the National Logistics
Cell (NLC), a leading digital platform that uses advanced technologies such as the Internet of Things, big data
analytics, and Blockchain, to improve transparency, traceability, and efficiency in the transportation sector.

Many technologies come under the umbrella of Industry 4.0 and because of that organizations are facing problems
identifying which they should use (Khan et al., 2017). Also, the rise in the concept of sustainability is another concern
of organizations (Belhadi et al., 2019; Oudani et al., 2023). However, not all companies are ready to adopt these
technologies, and some are still struggling to find the talent or knowledge required to adopt them effectively.
Organizations are facing difficulty in hiring qualified people in their workforce (Dalmarco et al., 2019). Particularly,
in the transportation industry the adoption of these technologies is not much appreciable, and organizations are facing
problems regarding implementing them to achieve sustainability (E1 Hamdi et al., 2019).

Through this research paper, we bridge the gap between the difficulties faced by organizations in achieving sustainable
transportation and for that which technologies they should opt for. We discussed the technologies being used in the
transportation industry and how they are impacting their sustainability. Also, we provided some recommendations to
make their transportation industry better and more sustainable. Therefore, this paper aims to discuss the recently
implemented IR 4.0 technologies and their adoption in the transportation industry and how it is impacting
sustainability. Finally, we discussed the benefits associated and key challenges that occur in adopting and achieving
sustainable transportation through Industry 4.0. Therefore, this research paper reviews the literature from 2011-2023
using a systematic literature review approach to address the following research questions:

RQ1: What are the potential impacts of Industry 4.0 adoption on sustainability in the transportation industry?

RQ2: How can the transportation industry benefit from the increased automation of Industry 4.0?

RQ3: What impact does the adoption of Industry 4.0 have on the sustainability of the transportation industry?
Additionally, based on research questions we formulated these research objectives:

1.1 Research Objectives:

RO2: To identify the impact of
Industry 4.0 adoption on
sustainability in the
transportation industry

RO 1: To analyze the current
Industry 4.0 technologies used in
the transportation industry.

RO3: To examine the potential
benefits of Industry 4.0 adoption
for the transportation industry in
terms of sustainability.

ROA4: To identify key challenges
for the transportation industry to
enhance sustainability through
Industry 4.0 adoption

ROS5: To develop

recommendations for the
transportation industry to

enhance sustainability.

Figure 1. Flow of Research Objectives
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The rest of the paper is designed as: section 2 discusses the methodology and inclusion/exclusion criteria. Section 3
includes a discussion based on the application of Industry 4.0 adoption in transportation to enhance sustainability.
Further, we discussed the implications and potential benefits of the application of Industry 4.0 in the transportation
industry to enhance sustainability. Lastly, we discussed the key challenges in the adoption of Industry 4.0 in the
transportation industry to enhance sustainability. This paper proceeds in discussing the objective wise discussion in
the rest section. In section 4 we address the practical implications and future research directions. The last section of
the paper presented the conclusions.

2. Research Methodology
2.1. Initial Selection Criteria of Selected Articles

The databases of Scopus, Web of Science, google scholar, science Direct, Taylor & Francis, Emerald, Elsevier and
Springer were used for the initial search. The custom search option was 2011-2023 as Industry 4.0 was introduced in
2011. We used keywords like “Industry 4.0,” “sustainability,” “transportation,” and “logistics”. Also, each technology
was separately searched with keywords like “blockchain,” “artificial intelligence,” “IoT,” “Big Data,” “cloud
computing,” “logistics 4.0,” “RFID,” and “GPS” respectively. Only the published peer-reviewed scientific and impact
factor journals along with conference proceedings are selected. Further, we adopted Bolean search method (AND/OR)
and extended our search by using terms AND and OR as logical operators. The above mentioned keywords were
selected to search the databases mentioned earlier to fetch relevant studies.

EEINT3

2.2. Content Screening and Complementary Search

For content screening, a clear and broad definition of transportation management, logistics management,
sustainability, Industry 4.0 technologies, and independent technologies like Al, IoT, cloud computing, blockchain,
RFID, Big data, and GPS technologies were selected to identify and include the relevant articles. For inclusion criteria,
we go through the keywords, title, abstract, and findings of the articles. Moreover, the main body of the articles was
also studied during inclusion. Articles that reported the use of industry 4.0 technologies in transportation and logistics
management, also including the aspect of sustainability were selected. On the other hand, articles that did not correctly
define the use of technologies in transportation and logistics and mentioned the use of industry 4.0 technologies in
other fields besides transportation and logistics management were excluded. Through this criterion, we successfully
obtained 65 articles for final review. The finalized articles are shown in below tables.

3. Discussion
3.1 RO1: The Current Industry 4.0 Technologies Used in The Transportation Industry

Technologies not only provide new ways of observing, monitoring, and managing transportation systems but also can
change the attributes of the transportation system (Ran et al., 2012). In the transportation industry, the adoption of
Industry 4.0 technologies has the potential to revolutionize operations and improve efficiency. Due to this, there is a
drastic change in the way organizations operate (Sony & Naik, 2019). To go hand in hand with other organizations
and industries, the transportation industry also uses technologies to stay competitive. Various advanced technologies
are being utilized to transform traditional transportation practices. The Industry 4.0 concept with the integration of a
set of technologies is still an evolving idea (Dalmarco et al., 2019). However, the above-mentioned technologies of
Industry 4.0 are artificial intelligence, big data analytics, blockchain, cloud computing, the Internet of Things, RFID,
GPS, and sensors. The use of these technologies has a great impact on the transportation industry. By leveraging these
Industry 4.0 technologies, the transportation industry can achieve significant advancements such as operational
efficiency, sustainability, safety, and customer experience. The integration and effective utilization of these
technologies continue to drive innovation and transformation in the transportation sector, shaping the future of
mobility and logistics. According to (Ran et al., 2012). The technologies can majorly change the characteristics of the
current transportation system with increased connectivity, automation, and optimization toward a much more user-
oriented, system-optimal, safe, and sustainable system.
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Table 1. Recent IR 4.0 technologies used in Transporation

Authors

Technology

Impact/Finding

Ran et al. (2012)

Imran et al. (2018)

Sharma et al. (2020)

Fitri et al.(2022)

Maxim Mnyakin
(2023)

Vaidya, et al.
(2018)

Khan &
Manzoor
(2021)

Hamdi, &
Abouabdellah
(2022)

Sony & Naik
(2019)

Shoukat &
Xiaogiang

(2022)

Yi-Hu et al. (2015)

Abdirad, &
Krishnan (2020)

Machalta, et
al. (2022)

Montemayor, &
Chanda (2023)

Akkerman, et al.
(2022)

Intelligent Transportation system
technologies (ITS) such as wireless
communication, connected vehicle,
smart vehicle cloud computing

Big data, smart factories, cyber-
physical systems (CPS), (10T), and
interoperability

RFID

Big Data, 10T, Cloud computing,
Al, Blockchain

Al, 10T, and cloud computing

Big data, cloud computing, loT,
and Autonomous Robots

Blockchain, 10T, Al, BDA, Cloud
Computing, 5G and smartphone
applications, robotics and drones

Al, CPS, Cloud computing, big
data, and loT

CPS, loT, and cloud computing

N/A

GPS

Industry 4.0

Virtual Reality (VR), Augmented
Reality (AR).

Industry 4.0

Industry 4.0

These ITS technologies can change the way of the existing
transportation  system  with increased connectivity,
automation, and optimization which make it more user-
oriented, system-optimal, safe, and

sustainable system.

Industry 4.0 has major importance in overcoming the various
challenges of the textile and logistics industry of Pakistan.

The transportation industry can highly benefit from RFID
systems.

The GCC countries are at a very early stage in the adoption
of Industry 4.0 in their logistics and transportation.

The benefits of these technologies and also concludes that the
incorporation of these technologies can result in an
improvement in the overall efficiency of transportation
systems.

Nine pillars of Industry 4.0 are explained with the examples
to understand the application of Industry 4.0 as well as used
to identify the challenges and issues with the implementation
of Industry 4.0.

These are key technologies used in the supply chain and they
also discuss their impact on the supply chain as well as key
barriers.

The link between Industry 4.0 and Logistics 4.0. Also, they
discuss the role of technologies and their contributions to
adopting them in the logistics process.

They identify
interrelationships.

six key components and their

From the data of the largest logistics service providers in
Pakistan, it is concluded that intermodal transportation is
82.6% more economical and 78% greener compared with
road freight transportation.

They identified seven key factors which are executive
support, funding and budget, experience, and ability of
consultants, project team composition, user recognition,
timely and correct information, and degree of completeness
of transmission equipment

The findings reveal interesting findings, which are helpful for
the academic and industry both, especially for top managers.

AR/VR technologies and IT systems can transform
traditional companies into innovative companies to compete
in the global market.

All automotive companies are shifting to electric vehicles but
the efforts currently in operation are not at scale.

Only small adaptations have been done but there is growing
interest for Industry 4.0 concepts in cross-docking.
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Shi, et al. (2011) RFID The container transportation industry is still in the basic
stages of its RFID applications.

Lookman, et Industry 4.0 The innovative capability radically affected the trucking

al. (2023) company's competitive advantage, but industry 4.0 does not
moderate this impact.

Ozdagoglu & Bahar  Industry 4.0 The potentials of smart or digital supply chain and discusses

(2022) how companies handle their logistics operations during the

COVID-19 period.

Count of Authors by Industry

Transportation Industry
Transportation & Logistics
transportation

Supply chain industry

SCM & transportation

Railway Industry

Overall city and transportation industry
Logistics & transportation

Logistics

GSCM

o
=

2 3 4 5 6 7

Figure 3. Publications by Industry
3.2 RO2: The Impact of Industry 4.0 Adoption on Sustainability in The Transportation Industry

The impact of Industry 4.0 adoption on sustainability in the transportation industry has been significant and holds
great potential for positive change. The most important features of Industry 4.0 in transportation are data-driven
proactive planning, real-time decision-making, and autonomous operations (Sun et al., 2021). Industry 4.0,
characterized by the integration of digital technologies and automation, has introduced various advancements that
contribute to sustainability in transportation. To have long-term sustainability in industrial and social organizations
Industry 4.0 technologies play a key role in guiding them (Jabbour, et al., 2018). With the adoption of industry 4.0
features such as interoperability, digitization, visualization, and automation, companies can enjoy horizontal and
vertical integration for collaboration and better utilization of resources and can make their production, manufacturing,
and logistics supply chains smarter, adaptive, faster, smoother, and efficient. Also, Industry 4.0 has great implications
for the logistics and supply chain through automation, real-time tracking, route optimization, risk management, and
horizontal & vertical integration (Landge & Jaiswal, 2021). By optimizing operations and reducing energy usage,
Industry 4.0 adoption helps to mitigate the environmental impact of transportation activities.

A study conducted by Cézanne, Lorenz, & Saglietto (2020) discusses the impact of Industry 4.0 on the environment
are both positive and negative. Some researchers have pointed out that there are negative environmental impacts of
energy in the manufacturing of new devices on the other hand other researchers see Industry 4.0 as having a major
transformative possibility that will contribute to the achievement of the United Nations’ Sustainable Development
Goals. Industry 4.0 makes logistics management more efficient. Hosman & Rusch (2017) discussed that the
connectivity of products and services through the Internet such as blockchain technology will enable the decentralized
control of value chains. They also state that digital connectivity offers the possibility of improving automated
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production as well as the self-optimized production of goods and services, including delivery without the presence of
the human agent. Moreover, Witkowski, (2017) discusses the importance of 10T technology particularly in the logistics
and transportation sector. Another benefit of 10T is that it provides real-time information on logistics vehicles for
improved logistics services, which results in cost reduction through controlled and optimized fuel consumption (Liu
etal., 2019).

According to the previous literature by Khan & Manzoor, (2021) in the supply chain industry 18% of organizations
using artificial intelligence, 12% report that their organization is already using autonomous vehicles, 44% of
organizations are already users of BDA, only 11 % of organizations are using blockchain technology, 16% of them
already using drones for their supply chains, 48% of them are using loT technology in practice and 29% of the
responding organizations are using robotic technology. There are various negative impacts of the adoption of Industry
4.0 in the transportation industry such as the initial investment costs, technological integration, and ensuring data
security and privacy. Another negative impact of Industry 4.0 on employment and jobs is that machine learning,
robotics, and digitization will eliminate jobs which will result in major job losses (Cézanne et al., 2020). With
technological advancement, the risk of cyber-attacks is increasing (Barleta et al., 2020).

Lastly, the impact of Industry 4.0 adoption on sustainability in the transportation industry is substantial. Companies
adopting Industry 4.0 are making all their supply chain process digitalize starting from planning, to supply, to
manufacturing, to delivery, and to return, which will positively impact logistics processes by improving flows,
optimizing work, and reducing lead times (Hamdi & Abouabdellah, 2022).

Table 2. Impact of Industry 4.0 Adoption on Sustainability in the Transportation Industry

Authors Application of Industry 4.0 Adoption Impact/Finding
in Transportation to Enhance

Sustainability

Umar et al. (2021)

Miler et al.
(2016)

Esmaeilian et al. (2020)

David H. Kaplan (2015)

Kumar et al.(2021)

Morteza Ghobakhloo
(2020)

de Sousa Jabbour, et al.
(2018)

Sun et al. (2021)

Discussion on the advantages of using
blockchain technology during products
transportation according to Industry 4.0
Strategy.

To discuss an overview of Industry 4.0
meaning, challenges, and benefits of
implementing it.

Aims wasto analyze the challenges and
opportunities of adopting i4.0.

Presents the challenges and opportunities
related to transportation policies that may
arise because of emerging autonomous
vehicle (AV) technologies.

Aims to focus on the technology-related
difficulties and opportunities and analyses
the impact of Industry 4.0) on the
transportation sector.

Aims to discuss the industry 4.0
opportunities in logistics.

Discusses Internet of Things (1oT)
opportunities in the transportation and
logistics sector

Analyzes the industry 4.0 importance in
the logistics and transport industry.

GSCM practices mediate the effect of Industry 4.0 on
both economic and environmental performance. Also,
the results indicate that GSCM practices are positively
affected by Industry 4.0.

Provides methodologies to analyze the sustainability of
transportation systems.

The ways by which the scientific community can
participate in creating conditions for Industry 4.0 to
assist sustainability objectives.

There are low existing levels of sustainable
transportation among students around campus.

The results show that technologies are impacting e-
commerce businesses.

Relationships exist among several sustainability
functions of Industry 4.0.

Proposes eleven critical success factors in CSF that
should be cautiously managed when integrating Industry

4.0 and environmentally sustainable manufacturing.

Industry 4.0 technologies provide opportunities for
improving the economic efficiency, environmental
performance, and social impact of logistics sectors.
However, challenges are trade-offs among different
sustainability indicators, unclear benefits, lifecycle
environmental impact, inequity issues, and technology
maturity.
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Liuetal. (2019)

Akhtar
(2022)

Diabat & Govindan,
(2011)

Gogmen & Erol (2018)

Hou et al. (2016)

Karuppiah et al. Ali
(2022)

Liyanage et al. (2017)

Internet of things (10T) technique has been
conducted to investigate and analyze the
pros and cons from using this technique
for the shipping transportation industry.

Aims to categorize the research on
environmental sustainability in logistics
and transportation.

Aims to identify l0T-based
entrepreneurial — opportunities in  the
transportation industry and identify their
importance.

Aims to examine the logistics impacts on
cost and identify the transportation
opportunities

Aims to address the use of advanced
technologies to reduce traffic congestions

To study the enablers of smart
transportation.

Aims to evaluate the South Asian
transportation sector

It helps in reducing logistics costs and fuel consumption,
improving vehicles' utilization rate, and achieving real-
time logistics services with high efficiency.

The benefits of these technologies are sustainability,
efficiency, cost reduction, transparency, traceability,
and collaboration.

They identified several drivers of green supply chain
management (GSCM by analyzing the GSM literature
and by consulting with experts in the industry.

Logistics firms can minimize total costs and provide
opportunities to manage transportation. Also, different
modes of transportation should be used to transport all
the demand.

Intelligent  transportation systems use advanced
technology to provide drivers with convenient
information to help reduce traffic congestion and to
increase available road capacity.

The enablers are the enhancement of cross-departmental
cooperation, decision synchronization, technology
cooperation, policy cooperation and route optimization
as the five most significant enablers of sustainable
transportation.

South Asian countries need to improve different
attributes of their transportation sector such national-
level transportation policies. Also, sustainable
transportation is not about mobility but also about
creating safer, convenient, and environmentally friendly

16
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No of publications
"]
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2 u
. H a =
2011 2012 2014 2015 2016 2017
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transportation systems.
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Year of Publications

Figure 4. Yearwise Publication and their Selection

3.3 RO3: The Potential Benefits of Industry 4.0 Adoption for The Transportation Industry in Terms of

Sustainability.

We have reviewed a lot of literature to identify the potential benefits of the adoption of Industry 4.0 in the
transportation industry and we find out that it brings numerous benefits in terms of sustainability. Through the
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integration of digital technologies and automation, Industry 4.0 can enhance energy efficiency (Mnyakin, 2023) by
optimizing route planning, reducing idle times, and enabling predictive maintenance, thereby lowering fuel
consumption and emissions. (Sun et al., 2021) conducted a study and the results show that Industry 4.0 technologies
come up with opportunities for logistics sectors in improving economic efficiency, environmental performance, and
social impact.

Using and connecting information from Industry 4.0 with intelligent transport systems could result in very effective,
demand-oriented, and higher productivity of manufacturing enterprises as well as sustainable development of society
(Lom et al., 2016). However, an loT-based real-time status-sensing model of logistics vehicles can reduce the logistics
cost and fuel consumption and can improve vehicles' utilization rate, and achieve real-time logistics services with high
efficiency (Liu et al., 2019). Moreover, the utilization of the Internet of Things (IoT) can benefit the transportation
industry to enhance sustainability such as they enable connected vehicles, real-time fleet management, smart parking,
traffic monitoring, and remote diagnostics (Mnyakin, 2023). Furthermore, Industry 4.0 can facilitate the adoption of
electric and autonomous vehicles, reducing carbon emissions and promoting sustainable mobility. Technology like
Artificial Intelligence Al can be used for autonomous vehicles, traffic management, predictive maintenance, driver
assistance, and demand forecasting (Mnyakin, 2023). The benefits of cloud computing in the transportation industry
are they provide vehicle-to-cloud communication, accessible infrastructure, data analytics, mobility-as-a-service, and
predictive maintenance (Mnyakin, 2023).

The advanced technologies of Industry 4.0 such as CPS, IoT, BD, and CC provide traceability, monitoring, and
controlling of logistics with the help of sensors and these technologies are helpful for logistics in tracking, route
optimization, diversion, security, and risk management (Landge & Jaiswal, 2021). Akhtar, (2022) concluded that the
advanced technologies of Industry 4.0 such as big data analytics (BDA), artificial intelligence (AI), machine learning
(ML), internet of things (IoT) and sensors, blockchain technology (BCT), robotic systems (RS), cloud computing
(CC), cyber-physical system (CPS), etc. has many benefits i.e., sustainability, efficiency, cost reduction, transparency,
traceability, and collaboration. However, he also mentioned that there are many challenges in implementing Industry
4.0. Additionally, the implementation of smart infrastructure and connected systems can enhance traffic management,
reducing congestion and improving overall transportation efficiency. By embracing Industry 4.0, the transportation
industry can make significant strides towards sustainability, minimizing environmental impacts and paving the way
for a greener and more efficient future.

Publications

= Google Scholar = Elsevier = Emerald +«IEEE w=Springer ®SSRN = Taylor & Franics

Figure 5. Publications and Databases in Selection
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Table 3. Benefits of IR 4.0 Adoption in Transporttion

Authors

Technology

Benefits

Dmitriy et al. (2020)

Mohamed

Mamad

(2018)

Dalmarco et al. (2019)

Bagloee et al.(2016)

Erkollar& Oberer
(2018)

Hofmann & Riisch
(2017)

Kumar & Dash (2017)

Holubéik et al,(2021)

Tien Anh_Tran (2023)

Marchet et al. (2014)

Pour et al. (2023)

Block Chain Technology

Industry 4.0 technologies

Aug. Real., Additive Manufac., Big Data,
Cloud  Computing,  Cyber-Physical
Systems, Cybersecurity, Smart Robotics,
Simulation, and System Integration

Autonomous vehicle (AV)

Robotics, Artificial Intelligence, the
Internet of Things, Sophisticated Sensors,
Cloud Computing

Cyber-physical systems (CPS), IoT, loS,
Smart factory

loT
Al, DSS (Decision Support System), MIP

(Mixed Integer Programming), and CP
(Constraint Programming)

Industry 4.0

IR4.0

Internet of thing loT

There are challenges in implementing blockchain,
particularly in transport logistics within the framework
of Industry 4.0 Strategy.

The various benefits and challenges of Industry 4.0
implementation.

The major challenges found are the analysis of data
generated, the integration of new technologies with
available equipment, and the workforce. However, the
opportunities are efficiency, flexibility, productivity,
cybersecurity, quality of products and services

They proposed a conceptualized navigation model for
the AV which leads to highly efficient traffic
circulations. Also, they discuss the opportunities and
challenges of AV technology.

In the logistics sector, big data analytics are being
utilized to perform various operations. Also, it indicates
that the application of Industry 4.0 concepts,
technologies, and systems can extend across different
transportation modes.

Identify the opportunities in terms of decentralization,
self-regulation, and efficiency. Also, precisely
recognize the potential Industry 4.0 implications in the
context of Just-in-Time/Just-in-Sequence and cross-
company Kanban systems.

Findings indicate that the adoption of IloT in
transportation is very effective and profitable.
Decision-making can become easy for the overall
supply chain using Industry 4.0.

Discusses the overall sight in researching new
technologies where 10T has been investigated from this
research.

Environmental sustainability within logistics and freight
transportation are less.

Classified entrepreneurial opportunities into five main
categories, that are “smart vehicles”, “business
partners/smart transportation supply side”, “supporting
services”, “infrastructures”, and “smart transport
management and control”. The infrastructures group of
opportunities ranked the highest amongst the identified
groups.

RO4: Key challenges for the transportation industry to enhance sustainability through Industry 4.0 adoption.

As every technology comes with benefits and opportunities, many challenges also come with the transformation in
technology (Sun et al., 2021). So, the transportation industry also faces several key challenges in enhancing
sustainability through the adoption of Industry 4.0. One of the primary challenges is the technological integration
required to incorporate Industry 4.0 technologies into existing transportation systems (Sun et al., 2021). This involves
retrofitting or replacing outdated infrastructure and vehicles with smart and connected systems. A large investment is
required for implementing Industry 4.0 (Vaidya et al., 2018) and the complexity of this integration can be a significant
barrier, requiring substantial investments and careful planning. Additionally, ensuring interoperability and
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compatibility between different technologies and systems can pose challenges, as standardization and harmonization
efforts are necessary to ensure seamless connectivity and data exchange.

One of the most important and major challenges is the need for skilled and qualified personnel who can effectively
operate and maintain the advanced technologies associated with Industry 4.0 (Mohamed, 2018). Training and
upskilling the workforce to harness the full potential of these technologies can be time-consuming and resource-
intensive (Dalmarco et al., 2019). Furthermore, as cyber security threats increase dramatically, ensuring data security
and privacy in an interconnected and data-driven environment is critical. Protecting sensitive data from cyber threats
and maintaining data integrity requires robust cybersecurity measures and protocols (Vaidya et al., 2018). Overcoming
these challenges necessitates collaborative efforts among stakeholders, including government bodies, industry players,
and technology providers, to create supportive policies, invest in research and development, and foster an ecosystem

conducive to sustainable Industry 4.0 adoption in the transportation industry.

Table 4. Industry 4.0 Adoption Chanllenges

Authors

Technology

Challenges

Barreto et al.
(2017)

Mohamed
Mamad (2018)

Dalmarco et al.
(2019)

Bagloee et
al.(2016)

Wang et al
(2023)

John et al. (2022)

Erkollar &
Oberer (2018)

Popova et
al.(2021)

Vaidya et al.
(2018)

Internet of Things, RFID, Sensors,
and GPS

Industry 4.0 technologies

Augmented  reality,  Additive
Manufacturing, Big Data, Cloud
Computing, Cyber-Physical
Systems,  Cybersecurity, Smart
Robotics, Simulation, and System
Integration

Autonomous vehicle (AV)

Internet of Things, big data, cloud
computing, blockchain, and
artificial intelligence

Artificial Intelligence (Al), Internet
of Things (loT), Cloud Computing,
Big Data, Cybersecurity, Modelling
and Simulation, Smart Decision
Support Systems (SDSS), Computer
Vision, and Virtual Reality (VR).

advanced robotics, artificial
intelligence, the Internet of Things,
sophisticated Sensors, cloud
computing

RFID

Big data, cloud computing, 10T, and
Autonomous Robots

The result of this paper shows that Logistics 4.0 paradigm
focuses on optimizing inbound and outbound logistics using
intelligent systems, software, and databases and information is
shared through Internet of Things (loT) systems to achieve a
higher degree of automation.

The results discuss the various benefits and challenges of
Industry 4.0 implementation.

The major challenges found are the analysis of data generated,
the integration of new technologies with available equipment,
and the workforce. However, the opportunities are efficiency,
flexibility, productivity, cybersecurity, quality of products and
services

In this research, they proposed a conceptualized navigation
model for the AV which leads to highly efficient traffic
circulations. Also, they discuss the opportunities and challenges
of AV technology.

The results concluded that there is a gap between the application
of digital technology in green supply chains

The paper recognizes nine technologies that make contributions
to tackle the identified problems in the railway industry and the
combination of these can lead to better results or innovative
solutions.

The study shows that in the logistics sector, big data analytics
are being utilized to perform various operations. Also, it
indicates that the application of Industry 4.0 concepts,
technologies, and systems can extend across different
transportation modes.

The finding of this study is that the application of RFID
technology would significantly increase the efficiency of
logistics processes.

To conclude the results nine pillars of Industry 4.0 are explained
with the

examples to understand the application of Industry 4.0 as well
as used to identify the challenges and issues with the
implementation of Industry 4.0.
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Chhabra & Singh  Industry 4.0 In the results this research identifies 16 barriers of implementing

(2022) green logistics. Also, findings will help manufacturing
organizations in developing strategies for implementing green
logistics to achieve long-term sustainability.

Tien Anh_Tran Industry 4.0 This research discusses the overall sight in researching new

(2023) technologies where 10T has been investigated from this
research.

Baig et al. N/A The result reveals that safety and infrastructural factors are the

(2022) most dominant ones that affecting sustainable mobility within

the campus.

3.3 RO5: Recommendations for The Transportation Industry to Enhance Sustainability Through Industry 4.0
Adoption.

To enhance sustainability through Industry 4.0 adoption, the transportation industry can implement several
recommendations. Firstly, the organization can adopt smart fleet management systems. Although a fleet management
system is a complicated network to manage and control (Hu et al., 2015) it utilizes real-time data and 10T sensors that
can optimize routes, reduce idle times, and improve fuel efficiency, thereby minimizing emissions and resource
wastage. Moreover, the adoption of predictive maintenance strategies, utilizing machine learning algorithms and
sensor data, can proactively address maintenance needs, reducing downtime, improving vehicle reliability, and
extending asset lifespan, thus promoting sustainability.

Thirdly, investing in electric and autonomous vehicles can significantly reduce carbon emissions and optimize traffic
flow, reducing congestion and enhancing fuel efficiency. Autonomous vehicles (AV) technologies can help in
decreasing transportation costs and reduce crashes, energy consumption, pollution, and congestion while at the same
time increasing transport accessibility (Bagloee et al., 2016). Additionally, integrating smart infrastructure and
connected systems can improve traffic management, reducing environmental impacts and enhancing overall
transportation efficiency. Also, autonomous robots can use in the transportation industry because it can help transport
materials, sortation, loading and unloading activities, product making, product finalizing, packaging, etc. (Landge &
Jaiswal, 2021). By implementing these recommendations, the transportation industry can effectively leverage Industry
4.0 technologies to enhance sustainability, minimize environmental footprints, and foster a greener and more efficient
future.

Table 5. Recommendations for IR 4.0 adoption in Transportation

Authors

Application of IR 4.0 to Enhance
Sustainability

Recommendations

Umar et al. (2021)

Miller et al.
(2016)
Michal et al.
(2016)

Rossi et al. (2020)

Aims to examine the impact of Industry 4.0 on
economic and environmental performance
through the mediation of green supply chain
management (GSCM) practices in an emerging
economic context, like Pakistan.

Discusses the relationship between public
transportation and sustainability.

To propose the combination of the Smart City
Initiative and Industry 4.0.

Aims to introduce a new transport paradigm for
perishable food that overcomes the barriers to the
application of intermodal transportation.
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The result shows that GSCM practices mediate
the effect of Industry 4.0 on both economic and
environmental performance. Also, the results
indicate that GSCM practices are positively
affected by Industry 4.0.

Provides methodologies to analyze the
sustainability of transportation systems.

The conjunction of Industry 4.0 with intelligent
transport systems of the smart city can help to
create very effective, demand-oriented, and
higher productivity of manufacturing enterprises
as well as sustainable development of society.

Proposed a new model (called the ‘traveling
stock’ model) of perishable food transport and the
implementation of this model says that the
intermodal system is both environmentally and
economically sustainable.
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Akter et al. (2020)

Krzysztof
Witkowski
(2017)

Baygin et al.
(2022)

Khan et al. (2022)

Al-Lawati
(2015)

et al.

Li & Wang (2020)

Saarika et al.
(2018)

Fong et al. (2019)
Brazélez et al.

(2022)

Pathak et al.
(2019)

Modica et al.
(2021)

Trappey et al
(2017)

To offer an effortless transportation facility by
minimizing the problems faced by passengers,
drivers, and the concerned authorities with RFID
GPS, and an android application for passengers.
To discuss some ‘smart’ solutions which could be
innovative solutions in both technology and
organization.

Blockchain-based solutions are developed for
local cargo networks. With this approach using
different  technologies, a  fast-shipping
management architecture that ensures security
between the parties is provided.

Investigates the usage pattern of three-wheeler
vehicles and the thoughts on the adoption of
electric three-wheelers

A system to monitor the pick-up/drop-off of
school children using the RFID system is
presented to enhance the safety of children during
their daily transportation from and to school.

Introduced a new model of urban and rural
passenger transport regulatory information
construction and development.

Proposed an loT-based smart parking system
along with an intelligent signboard.

This project will provide a proof of concept by
using a much weaker form of RFID to show that
it is viable for highway tolls.

Proposes a Pandemic Intelligent Transportation
System (PITS) based on different technologies.

Proposes a comprehensive framework to evaluate
the sustainability performance of freight
transportation systems.

To examine how Logistics 4.0 affects the design
and configuration of the transportation process.
Also, this study provides a framework for
Logistics 4.0 in transportation.

To focuses on studying the related technology
roadmaps for the adoption of 10T technologies in
smart logistic services.
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The system will significantly reduce the traffic
flow on the road. Also, it will make traveling
hassle-free and convenient.

These technologies create opportunities to fulfill
the needs of customers and contribute to the
development of logistics and supply chain
management.

The proposed approach aimed to provide a faster,
more effective, and more secure solution to
classical cargo management architectures.

Users will adopt hybrid and electric three-
wheelers in Pakistan due to economic benefits.

The system is promising for daily transportation
safety.

The Internet of Things technology has more
technical advantages instead of the traditional
way, and the Internet of Things technology has a
wide range of applicability in the field of urban
and rural passenger services.

A mobile or internet application can be provided
to check the availability of parking slots. The sign
board will show the place, the distance to that
place, weather conditions, temperature, and
different routes to those places.

The results of this system will be proved to be
beneficial to the masses because it will reduce the
traffic jams at major toll plazas.

Application of PITS provides support for
authorities in the decision-making process about
mobility restrictions and obtain fast routes for
drivers. Also, PITS is a useful proposal which can
easily be adapted to other circumstances to tackle
different emergency situations.

The application of this framework is explained
through a case example and the results shows that
this framework would serve as a reference for
decision-makers in selecting the most sustainable
freight transportation system.

This framework is crucial for supporting the
implementation of Logistics 4.0 in transportation
and discusses the related opportunities for
companies.

Proposes a roadmap approach to visualize the
patent allocations and evolutions related to
logistic services at each level. Also, loT enabled
smart logistic patents are analyzed to identify
technology-related  business  strengths and
strategies.
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Rahman et al. Aimsto explore the impact of Industry 4.0 onthe The findings reveal that Industry 4.0 has a

(2020) performance of the cargo logistic business substantial role in promoting and improving the
(service sector) in Bangladesh and Canada. performance of the services industry of both
economies.

Conceptual Framework

Challenges

Industry 4.0

Technologies

Benefits of IR 4.0

Sustainable

Performance

\ 4

Figure 6. Conceptual Framework
Source: (Author’s Conceptualization)

4. Conclusion

A thorough literature review has been conducted to identify the adoption of Industry 4.0 technologies in the
transportation industry and their impact on enhancing sustainability. We have gone through google scholar, science
direct, and Taylor & Francis databases to collect the scholarly published peer-reviewed journals and identify the 45
articles, and conference proceedings from 2011 to 2023. The literature has provided strong evidence that industry 4.0
technologies have a great impact on transportation industries across the world and it enhances overall sustainability.
Further, we identified the different Industry 4.0 technologies used in the transportation industry. Blockchain
technology. Internet of Things (loT). Artificial intelligence (Al), big data analytics (BDA), RFID, GPS, and the use
of robotics and sensors are found to be the most prominent technologies used in the transportation industry. In this
study, we found that Industry 4.0 technologies can significantly contribute to sustainability in the transportation sector.
Besides this, we also identified the potential benefits of these technologies in the transportation industry in the context
of sustainability. We also provide critical challenges to implementing these technologies. Higher investment costs,
cyber security threats, technological integration, and insufficient qualified and skilled human resources to implement
these technologies were the main challenges. In the end, we provided the practical implications and future research
directions.

5. Practical Implications and Future Directions

The practical implications of our research are for businesses and policymakers. Businesses adopting Industry 4.0
technologies can lead to cost savings, increased efficiency, and improved environmental performance. Policymakers
can support the transition to sustainable transportation systems by creating incentives for businesses to adopt Industry
4.0 technologies and by investing in infrastructure that supports these technologies. We recommend that businesses
in the transportation sector explore the potential of Industry 4.0 technologies and consider how they can be integrated

. _________________________________________________________________________________________________|
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into their operations to promote sustainability. Policymakers should work closely with industry stakeholders to
develop policies and regulations that support the adoption of these technologies and facilitate the transition to
sustainable transportation systems.

By understanding the practical implications of our research, stakeholders in the transportation sector can make
informed decisions about adopting Industry 4.0 technologies and contribute to a more sustainable future. The
limitations of our research are that we have only gone through google scholar, science direct, and Taylor and Francis
to get the articles related to Industry 4.0 in transportation. Future studies can be conducted to search from other search
engines like Scopus, web of Science, etc. to review articles related to this topic. In addition to this, we only reviewed
published articles and conference papers. Future studies can induct books, book sections, and trade journals in their
research to get more about the topic. However, further research is needed to fully understand the long-term effects of
Industry 4.0 on sustainability in the transportation sector. Future studies could investigate the potential for new
technologies to further improve transportation systems and explore the barriers to adopting Industry 4.0 technologies
in different contexts. Also, researchers can deepen their understanding of the relationship between Industry 4.0
adoption and sustainability in the transportation industry, contributing to the development of strategies, frameworks,
and best practices that promote sustainable and efficient transportation systems.

References

Abdirad, M., & Krishnan, K. (2020). Industry 4.0 in Logistics and Supply Chain Management: A Systematic Literature
Review. Engineering Management Journal, 187-201. doi:10.1080/10429247.2020.1783935

Akhtar, M. (2022). Industry 4.0 Technologies Impact on Supply Chain Sustainability. doi:10.5772/intechopen.102978

Akter, R., Khandaker, M. J., Ahmed, S., Mugdho, M. M., & Haque, A. K. (2020). RFID based Smart Transportation
System with Android Application. International Conference on Innovative Mechanisms for Industry Applications
(ICIMIA) (pp. 614-619). Bangalore, India: IEEE. doi:10.1109/ICIMI1A48430.2020.9074869

Akkerman, F., Lalla-Ruiz, E., Mes, M., & Spitters, T. (2022). Cross-Docking: Current Research Versus Industry
Practice and Industry 4.0 Adoption. In Smart Industry — Better Management (pp. 69-104.). doi:10.1108/S1877-
636120220000028007

Al-Lawati, A., Al-Jahdhami, S., Al-Belushi, A., Al-Adawi, D., Awadalla, M., & Al-Abri, D. (2015). RFID-based
system for school children transportation safety enhancement. GCC Conference & Exhibition (pp. 1-6). Muscat,
Oman: IEEE. doi:10.1109/IEEEGCC.2015.7060047

Bagloee, S. A., Tavana, M., Asadi, M., & Oliver, T. (2016). Autonomous vehicles: challenges, opportunities, and future
implications for transportation policies. Journal of Modern Transportation, 284-303. doi:10.1007/s40534-016-0117-
3

Baig, M. H., Waheed, A., Rana, 1. A., & Abbas, K. (2022). Determinants of transportation sustainability in
universities of Islamabad, Pakistan. International Journal of Sustainability in Higher Education, 548-564.
doi:10.1108/IJSHE-07-2020-0273

Barleta, Pérez, E. , Sanchez, G. , & Ricardo. (2020). Industry 4.0 and the emergence of Logistics 4.0. ECLAC.
Retrieved from https://www.cepal.org/en/publications/45455-industry-40-and-emergence-logistics-40

Barreto, L., Amaral, A., & Pereira, T. (2017). Industry 4.0 implications in logistics: an overview. Procedia
Manufacturing, 1245-1252. doi:10.1016/j.promfg.2017.09.045

Baygin, M., Yaman, O., Baygin, N., & Karakose, M. (2022). A blockchain-based approach to smart cargo
transportation using UHF RFID. Expert Systems with Applications. doi:10.1016/j.eswa.2021.116030

Belhadi, A., Zkik, K., Cherrafi, A., & Sha’ri, M. Y. (2019). Understanding big data analytics for manufacturing
processes: Insights from literature review and multiple case studies. Computers & Industrial Engineering, 137,
106099.

. _________________________________________________________________________________________________|
INT J SUPPLY OPER MANAGE (lJSOM), VOL.11, NO.2

245



Siddiqui, Khan, Rashid and Khan

Brazalez, E., Macia, H., Diaz, G., Valero, V., & Boubeta-Puig, J. (2022). PITS: An Intelligent Transportation System
in pandemic times. Engineering Applications of Artificial Intelligence, 114. doi:10.1016/j.engappai.2022.105154

Cézanne, C., Lorenz, E., & Saglietto, L. (2020). Exploring the economic and social impacts of Industry 4.0. Industry
4.0: Current Issues and Future Challenges, 11-35. doi:10.4000/rei.8643

Chhabra, D., & Singh, R. K. (2022). Analyzing barriers to green logistics in context of Circular Economy and Industry
4.0 in the Indian manufacturing industry. International Journal of Logistics Research and Applications.
doi:10.1080/13675567.2022.2134847

Dalmarco, G., Ramalho, F. R., Barros, A. C., & Soares, A. L. (2019). Providing industry 4.0 technologies: The case
of a production technology cluster. The Journal of High Technology Management Research.
doi:10.1016/j.hitech.2019.100355

Diabat, A., & Govindan, K. (2011). An analysis of the drivers affecting the implementation of green supply chain
management. Resources, Conservation and Recycling, 659-667. doi:10.1016/j.resconrec.2010.12.002

El Hamdi, S., & Abouabdellah, A. (2022). Logistics: Impact of Industry 4.0. Applied Sciences, 12(9), 4209.

El Hamdi, S., Abouabdellah, A., & Oudani, M. (2019). Industry 4.0: Fundamentals and main challenges. 2079
International Colloquium on Logistics and Supply Chain Management (LOGISTIQUA), 1-5

ERKOLLAR, A., & OBERER, B. (2018). Sustainable cities need smart transportation: the industry 4.0 transportation
matrix. Sigma, 359-370. Retrieved from https://sigma.yildiz.edu.tr/article/601

Esmaeilian, B., Sarkis, J., Lewis, K., & Behdad, S. (2020). Blockchain for the future of sustainable supply chain
management in Industry 4.0. Resources, Conservation and Recycling. doi:10.1016/j.resconrec.2020.105064

Fong, S. L., Bakar, A. A., Ahmed, F. Y., & Jamal, A. (2019). Smart Transportation System Using RFID. International
conference on software and computer applications, (pp. 579-584). Penang, Malaysia. doi:10.1145/3316615.3316719

Ghobakhloo, M. (2020). Industry 4.0, digitization, and opportunities for sustainability. Journal of Cleaner Production.
doi:doi.org/10.1016/j.jclepro.2019.119869

Gogmen, E., & Erol, R. (2018). The Problem of Sustainable Intermodal Transportation: A Case Study of an
International Logistics Company, Turkey. Sustainability. doi:10.3390/su10114268

Hamdi, S. E., & Abouabdellah, A. (2022). Logistics: Impact of Industry 4.0. Optimization in Sustainable Production
and Logistic Systems. doi:10.3390/app12094209

Hofmann, E., & Riisch, M. (2017). Industry 4.0 and the current status as well as future prospects on logistics.
Computers in Industry, 23-34. doi:10.1016/j.compind.2017.04.002

Holub¢ik, M., Koman, G., & Soviar, J. (2021). Industry 4.0 in Logistics Operations. Transportation Research
Procedia, 282-288. doi:doi.org/10.1016/j.trpro.2021.02.040

Hou, Z., Zhou, Y., & Du, R. (2016). Special issue on intelligent transportation systems, big data and intelligent
technology. Transportation Planning and Technology, 747-750. doi:doi.org/10.1080/03081060.2016.1231893

Hu, Y.-C., Chiu, Y.-J., Hsu, C.-S., & Chang, Y.-Y. (2015). Identifying Key Factors for Introducing GPS-Based Fleet
Management Systems to the Logistics Industry. Mathematical Problems in Engineering. doi:10.1155/2015/413203

Imran, M., Hameed, W. u., & Haque, A. u. (2018). Influence of Industry 4.0 on the Production and Service Sectors in
Pakistan: Evidence from Textile and Logistics Industries. Social Sciences. doi:10.3390/socsci7120246

Jabbour, d. S., Lopes, A. B., Jabbour, Chiappetta, C. J., Foropon, Cyril, . . . Moacir. (2018). When titans meet — Can
industry 4.0 revolutionise the environmentally-sustainable manufacturing wave? The role of critical success factors.
Technological Forecasting and Social Change, 18-25. doi:10.1016/j.techfore.2018.01.017

. _________________________________________________________________________________________________|
INT J SUPPLY OPER MANAGE (1JSOM), VOL.11, NO.2

246



Industry 4.0 Adoption in Transportation: Does Industry 4.0 Adoption Enhance Sustainability? A Systematic Literature Review

Kaplan, D. H. (2015). Transportation sustainability on a university campus. International Journal of Sustainability in
Higher Education, 173-186. doi:10.1108/1IJSHE-03-2013-0023

Karuppiah, K., Sankaranarayanan, B., & Ali, S. M. (2022). Exploring key enablers of sustainable transportation in
small-and medium-sized manufacturing enterprises. Kybernetes, 3394-3418. doi:doi.org/10.1108/K-05-2021-0416

Khan, N. R., Haq, M. A., Ghouri, A. M., Raziq, A., & Moiz, S. M. (2017). Adaptation of RFID technology in
business supply chain success: Empirical findings from a developing country logistic industry. Calitatea, 18(160),
93.

Khan, M. A., Bokhari, S. F., Khan, A., Amjad, M. S., Butt, A. M., & Rafique, M. Z. (2022). Clean and sustainable
transportation through electric vehicles — a user survey of three-wheeler vehicles in Pakistan. Environmental Science
and Pollution Research, 45560-45577. doi:10.1007/s11356-022-19060-x

Khan, M. R., & Manzoor, A. (2021). Application and Impact of New Technologies in the Supply Chain Management
During COVID-19 Pandemic: A Systematic Literature Review. International Journal of Economics and Business
Administration, 277-292. doi:10.35808/ijeba/703

Khan, M. R., Khan, N. R., Tufail, M., & Ali, L. (2023). A PATH TOWARDS A GREENER FUTURE: FOSTERING
GREEN SUPPLY CHAIN, GREEN MARKETING, AND ENVIRONMENTAL SUSTAINABILITY. LogForum,
19(1).

Kumar, N. M., & Dash, A. (2017). Internet of Things: An Opportunity for Transportation and Logistics. International
Conference on Inventive Computing and Informatics (pp. 194-197). Coimbatore, India: SSRN. Retrieved from
https://papers.ssrn.com/sol3/papers.cfm?abstract id=3213883

Laiton-Bonadiez, C., Branch-Bedoya, J. W., Zapata-Cortes, J., Paipa-Sanabria, E., & Arango-Serna, M. (2022).
Industry 4.0 Technologies Applied to the Rail Transportation Industry: A Systematic Review. Sensors.
doi:10.3390/522072491

Landge, A. K., & Jaiswal, S. (2021). E-commerce, Industry 4.0, & Transportation — Identifying the Potentiality &
Problems. International Conference on Industrial Engineering and Operations Management. Bangalore, India.
doi:https://www.ieomsociety.org/proceedings/202 1india/147.pdf

Li, H., & Wang, X. (2020). Application of Internet of Things Technology in the Urban and Rural Transportation. 2020
International Conference on Computer Network, Electronic and Automation (ICCNEA). Xi'an, China: IEEE.
doi:10.1109/ICCNEA50255.2020.00061

Liu, S., Zhang, Y., Liu, Y., Wang, L., & Wang, X. V. (2019). An ‘Internet of Things’ enabled dynamic optimization
method for smart vehicles and logistics tasks. Journal of Cleaner  Production, 806-820.
doi:10.1016/j.jclepro.2018.12.254

Liyanage, C., Dias, N., Amaratunga, D., & Haigh, R. (2017). Current context of transport sector in South Asia:
Recommendations towards a sustainable transportation system. Built Environment Project and Asset Management,
490-505. doi:10.1108/BEPAM-10-2016-0051

Lookman, K., Pujawan, N., & Nadlifatin, R. (2023). Innovative capabilities and competitive advantage in the era of
industry 4.0: A study of trucking industry. Research in Transportation Business & Management.
doi:10.1016/j.rtbm.2023.100947

Lom, M., Pribyl, O., & Svitek, M. (2016). Industry 4.0 as a part of smart cities. 2016 Smart Cities Symposium Prague
(SCSP). Prague, Czech Republic: IEEE. doi:10.1109/SCSP.2016.7501015

Machata, S., Chamier-Gliszczynski, N., & Krolikowski, T. (2022). Application of AR/VR Technology in Industry 4.0.
Procedia Computer Science, 2990-2998. doi:10.1016/j.procs.2022.09.357

. _________________________________________________________________________________________________|
INT J SUPPLY OPER MANAGE (lJSOM), VOL.11, NO.2
247



Siddiqui, Khan, Rashid and Khan

Marchet, G., Melacini, M., & Perotti, S. (2014). Environmental sustainability in logistics and freight transportation :
A literature review and research agenda. Journal of Manufacturing Technology Management, T75-811.
doi:10.1108/JIMTM-06-2012-0065

Miller, P., Barros, A. G., Kattan, L., & Wirasinghe, S. C. (2016). Public Transportation and Sustainability: A Review.
KSCE Journal of Civil Engineering, 1076-1083. doi:10.1007/s12205-016-0705-0

Mnyakin, M. (2023). Applications of Al, IoT, and Cloud Computing in Smart Transportation: A Review. Artificial
Intelligence in Society, 9-17. Retrieved from https://researchberg.com/index.php/ai/article/view/108

Modica, T., Colicchia, C., Tappia, E., & Melacini, M. (2021). Empowering freight transportation through Logistics
4.0: a maturity model for wvalue creation. Production Planning &  Control, 1149-1164.
doi:10.1080/09537287.2021.1988176

Mohamed, M. (2018). Challenges and Benefits of Industry 4.0: An overview. International Journal of Supply and
Operations Management. doi:10.22034/2018.3.7

Montemayor, H. M., & Chanda, R. H. (2023). Automotive industry's circularity applications and industry 4.0.
Environmental Challenges. doi:10.1016/j.envc.2023.100725

Natalya, S., & Muzylyov, D. (2020). Blockchain Technology in Transportation as a Part of the Efficiency in Industry
4.0 Strategy. Advanced Manufacturing Processes (pp. 216-225). Springer. doi:10.1007/978-3-030-40724-7 22

Oudani, M., Sebbar, A., Zkik, K., El Harraki, 1., & Belhadi, A. (2023). Green Blockchain based IoT for secured
supply chain of hazardous materials. Computers & Industrial Engineering, 175, 108814.

Ozdagoglu, A., & Bahar, S. (2022). Logistics 4.0 and Smart Supply Chain Management. Industry 4.0 and Global
Businesses, 163-183. doi:10.1108/978-1-80117-326-120211012

Pathak, D. K., Thakur, L. S., & Rahman, S. (2019). Performance evaluation framework for sustainable freight
transportation systems. International Journal of Production Research. doi:doi.org/10.1080/00207543.2019.1602741

Popova, 1., Abdullina, E., Danilov, 1., Marusin, A., Marusin, A., Ruchkina, I., & Shemyakin, A. (2021). Application of
the RFID technology in logistics. Transportation Research Procedia, 452-462. doi:10.1016/j.trpro.2021.09.072

Pour, M. J., Hosseinzadeh, M., & Moradi, M. (2023). IoT-based entrepreneurial opportunities in smart transportation:
a multidimensional framework. International Journal of Entrepreneurial Behavior &  Research.
doi:doi.org/10.1108/IJEBR-06-2022-0574

Rahman, M., Kamal, M. M., Aydin, E., & Haque, A. U. (2020). Impact of Industry 4.0 drivers on the performance of
the service sector: comparative study of cargo logistic firms in developed and developing regions. Production
Planning & Control, 228-243. doi:10.1080/09537287.2020.1810758

Rahman, N. S., Hamid, A. A., Lirn, T.-C., Kalbani, K. A., & Sahin, B. (2022). The adoption of industry 4.0 practices
by the logistics industry: A systematic review of the gulf region. Cleaner Logistics and Supply Chain.
doi:10.1016/j.clscn.2022.100085

Ran, B., Jin, P. J., Boyce, D., Qiu, T. Z., & Cheng, Y. (2012). Perspectives on Future Transportation Research: Impact
of Intelligent Transportation System Technologies on Next-Generation Transportation Modeling. Journal of Intelligent
Transportation Systems, 226-242. doi:10.1080/15472450.2012.710158

Rossi, T., Pozzi, R., Pirovano, G., Cigolini, R., & Pero, M. (2020). A new logistics model for increasing economic
sustainability of perishable food supply chains through intermodal transportation. International Journal of Logistics
Research and Applications, 346-363. doi:10.1080/13675567.2020.1758047

Saarika, P. S., Sandhya, K., & Sudha, T. (2018). Smart transportation system using loT. International Conference On
Smart Technologies For Smart Nation (SmartTechCon). Bengaluru, India: IEEE.
doi:10.1109/SmartTechCon.2017.8358540

. _________________________________________________________________________________________________|
INT J SUPPLY OPER MANAGE (1JSOM), VOL.11, NO.2

248



Industry 4.0 Adoption in Transportation: Does Industry 4.0 Adoption Enhance Sustainability? A Systematic Literature Review

Sharma, D. K., Mahto, R. V., Harper, C., & Alqattan, S. (2020). Role of RFID technologies in transportation projects:
a review. International Journal of Technology Intelligence and Planning, 349-377. doi:10.1504/1JTIP.2020.109772

Shi, X., Tao, D., & VoB, S. (2011). RFID Technology and its Application to Port-Based Container Logistics. Journal
of Organizational Computing and Electronic Commerce. doi:doi.org/10.1080/10919392.2011.614202

Shoukat, R., & Xiaoqiang, Z. (2022). Sustainable Logistics Network Optimization From Dry Ports to Seaport: A Case
Study From Pakistan. Journal of the Transportation Research Board. doi:10.1177/03611981221115121

Sony, M., & Naik, S. (2019). Key ingredients for evaluating Industry 4.0 readiness for. Benchmarking: An
International Journal, 2213-2232. doi:10.1108/BI1J-09-2018-0284

Sun, X., Yu, H., Solvang, W. D., Wang, Y., & Wang, K. (2021). The application of Industry 4.0 technologies in
sustainable logistics: a systematic literature review (2012-2020) to explore future research opportunities.
Environmental Science and Pollution Research, 9560-9591. doi:10.1007/s11356-021-17693-y

Tran, T. A. (2023). A critical review of using Internet of Things technology for decarbonizing the shipping
transportation industry in industrial revolution 4.0. In Recent Advancement of IoT Devices in Pollution Control and
Health Applications (pp. 53-63). doi:10.1016/B978-0-323-95876-9.00006-9

Trappey, A. J., Trappey, C. V., Fan, C.-Y., Hsu, A. P,, Li, X., & Lee, I. J. (2017). IoT patent roadmap for smart logistic
service. Journal of the Chinese Institute of Engineers, 593-602. doi:10.1080/02533839.2017.1362325

Umar, M., Khan, S. A., Yusliza, M. Y., Ali, S., & Yu, Z. (2021). Industry 4.0 and green supply chain practices: an
empirical study. International Journal of Productivity and Performance Management, 814-832. doi:10.1108/1JPPM-
12-2020-0633

Vaidya, S., Ambad, P., & Bhosle, S. (2018). Industry 4.0 — A Glimpse. Procedia Manufacturing, 233-238.
doi:10.1016/j.promfg.2018.02.034

Wang, Y., Yang, Y., Qin, Z., Yang, Y., & Li, J. (2023). A Literature Review on the Application of Digital Technology
in Achieving Green Supply Chain Management. Sustainability. doi:10.3390/sul5118564

Witkowski, K. (2017). Internet of Things, Big Data, Industry 4.0 — Innovative Solutions in Logistics and Supply
Chains Management. Procedia Engineering, 763-769. doi:10.1016/j.proeng.2017.03.197

. _________________________________________________________________________________________________|
INT J SUPPLY OPER MANAGE (lJSOM), VOL.11, NO.2

249



