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ABSTRACT

Innovative digital technologies have transformed the maritime transport industry by digitizing its processes and
moving it away from traditional practices. Today, many ships navigate using these advanced technologies. This
study focuses on identifying the key components of digital technologies that contribute to the success of Iran's
maritime transport sector. The primary objectives are to enhance decision-making, optimize resources, and reduce
environmental impacts. Using a qualitative content analysis approach with an inductive method, this applied
research collected data through semi-structured interviews with 27 maritime transport experts in Iran, selected
through purposive sampling until theoretical saturation was reached. 65 articles were reviewed. Ultimately, a
framework was developed to identify the components of digital technologies supporting the success of Iran's
maritime transport industry. The findings highlighted three main dimensions: digital business, digital technologies,
and digital governance and management. Identified categories include the Fifth Industrial Revolution, smart
maritime transport, port-ship connectivity, smart ports, electronic navigation, and digital culture. This research
emphasizes maximizing the impact of digital technologies in Iran's maritime transport sector.
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1. INTRODUCTION

Digital transformation is a critical phenomenon in modern business environments, impacting various industries,
including maritime transport (Tumbas et al., 2018). The integration of digital technologies such as IoT, Blockchain,
Al, and Cloud Computing is revolutionizing traditional practices, improving operational efficiency, and creating
new business models. In the maritime sector, digitalization has the potential to enhance logistics, reduce costs, and
foster innovation (Chavez et al., 2024; Kozlov et al., 2021). While significant research has been conducted on
digital technologies in general, limited attention has been paid to their application in maritime transport,
particularly in Iran. In Iran, the maritime transport industry, as one of the most critical economic sectors, plays a
fundamental role in foreign trade and meeting national needs. However, this industry faces several challenges.
Some of these challenges include traditional infrastructure, lack of sufficient investment in new technologies, and
lack of coordinated policies for digital needs. However, this industry faces several challenges. Some of these
challenges include traditional infrastructure, lack of sufficient investment in new technologies, and lack of
coordinated policies for digital transformation. Strategic Iranian ports such as Shahid Rajaee Port and Imam
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Khomeini Port, which are the main gateways to the country's foreign trade, are facing increasing competition from
advanced regional ports. In such circumstances, failure to adapt to digital transformation can lead to reduced
competitiveness and economic opportunities. Existing research in the field of Iranian maritime transport has often
focused on operational issues such as reducing ship dwell times or improving customs processes, and has paid less
attention to the strategic aspects of digital transformation (Jovi¢ et al., 2024; Bailey, 2022; Tijan et al., 2021).

2. MATERIALS AND METHODS

The research employs a qualitative approach, utilizing expert interviews and document analysis to identify the
critical components of digital technologies influencing the success of maritime transport in Iran. The study
framework involves three main dimensions: Digital Business Models, Digital Technologies, and Digital
Governance and Management. Data were collected from experts in the maritime transport industry, and the
findings were analyzed to provide a comprehensive understanding of how digital technologies contribute to
improving the industry’s efficiency and competitiveness. The methodology follows a systematic approach to
ensure the reliability and validity of the results.

3. RESULTS

The study identifies three primary dimensions contributing to the success of maritime transport in Iran: Digital
Business Models, Digital Technologies, and Digital Governance and Management. Among the key digital
technologies identified, Blockchain, 10T, Al, and Big Data were found to have the most significant impact on
improving operational efficiency and reducing costs. For instance, Blockchain facilitates the digitization of
processes like customs clearance and documentation, while 10T and Al optimize ship performance and enable
autonomous navigation. Additionally, the research highlights the role of digital governance in effectively
managing and integrating these technologies into the industry. The integration of digital technologies in maritime
transport is recognized as having high potential to meet the needs of customers and stakeholders. Competitors
leveraging these technologies aim to enter the global market more cheaply and quickly. This integration in
maritime logistics leads to the development of digital and sustainable processes and enhances the efficiency of
shipping companies and port stakeholders in economic, environmental, and social terms. This trend also helps to
increase stakeholder participation and improve safety in shipping (D’ Amico et al., 2021).

4. DISCUSSION AND CONCLUSION

This study underscores the importance of digital transformation in enhancing the efficiency and competitiveness
of Iran’s maritime transport sector. The integration of digital technologies like Blockchain, IoT, and Al is crucial
for streamlining operations, reducing costs, and improving safety. Furthermore, effective digital governance
frameworks are necessary to manage these technologies and ensure their successful implementation. The study
also emphasizes the need for further research into the regulatory and legal aspects of digital transformation in the
maritime sector. Future research should explore the integration of digital technologies within the context of global
trends and regulations, as well as the development of robust strategies for the implementation of digital
transformation in the maritime industry.
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Table 1. Different dimensions of the research framework along with the weight of the words specified in open coding
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Table 2. Axial coding - extracted categories and subcategories centered on digital transformation components
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Table 3. Conceptual framework of digital transformation components
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Fig 1. Conceptual model of the relationship between digital transformation and categories and subcategories
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Table 1. Different dimensions of the research framework along with the weight of the words specified in open coding Digital
Business Model

Category Concept Weight (Frequency) Rank (Priority)
Digital Business Model (323) Smart maritime transportation 218 1
Importance of digitization 22 2
Changing importance of digital in the maritime sector 20 3
Fifth industrial revolution 14 4
Connection of ports and ships 13 5
Business opportunities from digital transformation 11 6
Changes in maritime trade 10 7
Smart ports 9 8
Areas of change 9

Digital Technologies

Category Concept Weight (Frequency) Rank (Priority)
Digital Technologies (965) Elements of digital transformation 522 1
Electronic navigation technology 205 2
Development of innovative technology 147 3
Digitization 63 4
Technology in ports 28 5
Digital Management and Governance
Category Concept  Weight (Frequency) Rank (Priority)
Digital Management and Governance (127) Effects of digitization 35 1
Digital journey 31 2
Environmental 21 3
Benefits of digital transformation 18 4
Digital economy 17 5
Digital culture 5 6

JUd Jgod (shalge Cu joom b ol g5l (sadlgle 5159 Walgho — (5)95% ()5S .Y Jgua
Table 2. Axial coding - extracted categories and subcategories centered on digital transformation components

Main Category Subcategory Subcategory Details

Electronic navigation technology, vessel traffic services, radar, maritime safety information
system, GPS, heading control system, digital maps, digital global distress calling system,
electronic data, robotics, vessel positioning system, satellite internet, elements of digital

transformation, artificial intelligence, 3D printing, cybersecurity, automation, big data,
blockchain, cloud computing, supply chain, Internet of Things.

Digital Digital
Transformation Technologies

A
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Table 3. Conceptual framework of digital transformation components

code

Concept Category

1- Future collaboration between humans and robots 2- Robots are an intelligent system to assist
humans 3- Greater synergy between humans and machines 4- The fifth revolution is the return
of human hands and minds to intelligent systems 5- The emergence of intelligent transportation
6- Collaboration between non-human agents, intelligent agents, and mariners 7- Focusing on
intelligent technology puts the role of humans in the background.

The Fifth
Industrial
Revolution

1- Use of Electronic Bill of Lading (Electronic Data Interchange) 2- Automatic communication
of autonomous vessels with commercial offices on land 3- Automation and robotic technology
in vessels 4- Real-time monitoring of vessel position and activity 5- Data transfer with
embedded sensors in vessels 6- Cost reduction through the use of modern technologies 7- The
emergence of the Internet of Things in the maritime transport industry 8- Development of
satellite systems 9- Cyberattacks on vessels 10- Digitalization of the maritime transport industry
11- Data sharing and quantitative and qualitative evaluation of communications 12- Ship
navigation with the help of robots 13- Use of intelligent technology in supply chain management
14- The impact of digital transformation on business models 15- Digital ship design and
shipbuilding using automation 16- Digitalization of intelligent port operations and port
community systems 17- Digitalization of all maritime processes and services, marine traffic
management 18- Electronic interaction through digital transformation.

Smart
maritime
transport

1- Ports are the interface between ships and land 2- Emergence of new standards due to the use
of artificial intelligence and automation technologies in ports 3- Transfer of data from ship to
land and vice versa using sensors 4- Use of sensors for better management and control in ports.

Connecting
ports and
ships

1- The three stages of optimization, expansion and transformation of the maritime industry
require change. 2- Information technology currently plays an important role in ship navigation
and control systems. 3- The maritime transport industry is rapidly digitizing. 4- New
technology is a catalyst. 5- Automatic prediction of ship arrival times with artificial
intelligence. 6- The first digital transformation occurs in navigation and maritime
communications, and the second is automation in ship machinery.

The
changing
importance of
digital in the
maritime

sector Digital

1- Digital transformation is the use of transformative technology. 2- Digital transformation is a
lever for quality improvement. 3- Digitalization requires interaction between institutional,
political and technological elements. 4- The use of digital technologies is to achieve
sustainability goals and gain competitive advantage. 5- Increase efficiency through optimizing
fleet control, security, reducing risks and accidents, and improving environmental protection.
6- Digitalization brings the advantage of improved performance, efficiency, and better
integration with suppliers and customer effectiveness for container lines. 7- The logistics
industry lags behind other industries in terms of digitalization. 8- Digitalization in container
shipping includes online booking, online pricing, digital documentation, online tracking, and
customer service. 9- Data integration is essential in port communities and companies operating
in the vicinity of ports.

Business
Model
(YY)

The
importance of
digitalization

1- Improvements create more opportunities for trade and drive economic growth 2- New
business opportunities using blockchain technology to store and track shipments 3- Bring value
to global trading environments and supply chains.

Business
opportunity
from digital

transformation

1- Ports include information, digital and smart ports. 2- Smart ports represent new business
models. 3- Container terminals consist of three areas: ship operations, container stacking
operations, and truck and train operations. 4- Ports have cargo clearance operations, loading
and unloading, mechanical and robatic transportation, and planning to reduce time loss.

Smart ports

1- Digitalization is applied in eight areas 2- Areas of change include autonomous and robotic
vehicles, artificial intelligence, big data, the Internet of Things, cloud storage, cybersecurity,
3D printing, and additive engineering 3- Specialized software exists to remove barriers and
record container and transportation processes.

Areas of
change

1- Safe digital transformation ensures cybersecurity by promoting environmental protection
and risk management 2- Digitalization has already significantly changed maritime trade 3- The
maritime transport industry is studying and exploring the use of the Internet of Things, big data,
analytics, mobile computing and cloud computing 4- Large organizations in the transport
industry have invested in implementing business models based on big data management and
digitalization.

Changes in
maritime trade

AR
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1- It is a smart port that has benefited from automation and innovative technologies, artificial
intelligence, the Internet of Things and big data. 2- Most organizations still use traditional
communication tools such as email, telephone and messengers. 3- Container booking is one of
the main activities in the maritime transport chain. 4- The digitalization of customs and
regulatory processes has created new opportunities to improve cooperation between customs
and competent authorities. 5- The main objective of personal communication services is to
facilitate paperless procedures by providing an automated platform for the exchange of
information and documents related to ports. 6- The concept of smart ports is the use of new
technologies.

Technology in
ports

1- The use of technologies in robotics and automation in the mechanical and control equipment
of unmanned vessels 2- It is a standard communication platform for data exchange between
customers and terminals 3- Digital nautical charts reduce costs and reduce staff 4- Electronic
Chart Display and Information System is a complex and vital computer-based ship technology
system 5- It plays a key role in the safe navigation and transportation of ships 6- It provides
automatic, dynamic and voyage-related identification in accordance with the Convention for
the Safety of Life and Life at Sea 7- It organizes ship berthing with online information related
to navigation operations 8- It is smarter products with communication capabilities, computing
and a combination of microprocessors and artificial intelligence 9- The International Maritime
Organization has introduced the concept of electronic navigation to provide digital information
and infrastructure to increase safety and efficiency in the maritime domain 10- One of the
important elements of electronic navigation is the integrated navigation system 11- The task of
electronic navigation is to monitor Continuous monitoring of the position of ships relative to a
pre-planned route 12- Alert management is a concept for monitoring, managing, distributing
and presenting alerts 13- Navigation data functions for manual and automatic control of ship
navigation 14- Central alert management is an interface between machine and man 15- The
basic function of the electronic chart display and information system is to support safe
navigation 16- Multifunction display is a visual display unit that can present information from
more than one function simultaneously or through a series of selectable pages 17- NAVTEX
automatically displays navigational warnings, weather forecasts and other urgent messages
related to safety at sea and on the coast 18- X-Band and S-Band radars are capable of detecting
and tracking targets with high accuracy in adverse weather conditions.

Electronic
navigation
technology

— ——— - - - Digital
Digital transformation simplifies transportation operations, enhances customer experience -\ :
. L P L Technologies
and efficiency 2- Digital transformation is a process of change based on digital technology to (17)

create value for stakeholders and customers 3- The maturity of digital transformation gradually
integrates blockchain, artificial intelligence, big data and the Internet of Things 4- The Internet
of Things means that things are connected to the Internet, and does not mean that they are
physically connected 5- Smart autonomous ships have a similar concept to a smart car 6- The
era of connected objects has changed from the era of mobile-centric smart devices 7- Cloud
services are generally divided into public, private and hybrid based on the purpose of the service
8- The Fourth Industrial Revolution has changed with the emergence of new technologies such
as robotics, artificial intelligence, blockchain, the Internet of Things and autonomous systems
9- Blockchain technologies meet customer expectations and reduce operational costs by
making them secure 10- Automation reduces the need for skilled and human resources 11-
Security Cyber is the biggest challenge in the field of unauthorized access to objects and
alteration of data. 12- The scope of new ports is wider than smart ports. 13- The era of IoT,
along with the management of huge volumes of data, has created serious architectural flaws in
critical infrastructure. 14- The role and impact of 10T has created a detailed insight into the role Elements of
of sensors on ships. 15- The use of big data in the analysis and analysis of maritime traffic data digital
has been classified. 16- Big data has been proven to increase productivity in the maritime  transformation
industry. 17- 10T has security challenges due to two-way data storage and retrieval methods.
18- The less the human factor, the more cybercrime. 19- One of the most significant challenges
due to the increasing reliance on digital technologies is the increase in cyber attacks. 20- The
characteristics of big data are volume, speed and diversity in decision-making. 21- Maritime
supply chains rely on electronic and paper-based processes. 22- Digital execution Blockchain
can improve the efficiency and effectiveness of maritime supply chains. 23- Big data is for
managing diverse, complex sets of data. 24- Blockchain is simply a ledger of digital records
stored in a public database. 25- A combination of advanced digital and physical
communications helps shipping companies, seaports, and intermodal transportation providers.
26- Blockchain is not necessarily supposed to be the original version of the data, as digital
elements do. 27- Blockchain systems allow for the creation of records in a secure, reliable, and
transparent manner. 28- Automation has enabled the emergence of smart contracts in the market
online. 29- Implementing 10T sensors with a direct link to the blockchain can provide a
distributed and decentralized network with real-time data about the condition and location of
cargo at all times. 30- One of the benefits of blockchain technology is increased security. 31-

Y.
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Use of blockchain in the transportation and security industry It is a positive step for the
environment. 32- Electronic Data Interchange (EDI) helps improve the integrity, coordination
and efficiency of the supply chain through paperless and standardized communication. 33-
Radio Frequency Identification (RFID) is a contactless automatic identification technology that
enables the identification of tagged objects and the exchange of information carried by radio
waves. 34- Global Navigation Satellite Systems (GNSS) enable the location and tracking of
containers, ships, vehicles and equipment. 35- Blockchain has an impact on customs clearance
and management, digitization and ease of paperwork. 36- Automation is a vital and important
issue as part of the digital transformation of businesses. 37- Blockchain is one of the
technologies that can support various aspects of digital transformation in industries. 38- Cloud

.computing allows ports to increase or decrease their IT infrastructure

-YThe recognized e-way bill of lading standard is a step towards successful digital
transformation 2- The nature of digital ports is essential for digitizing all processes and
increasing flexibility in the shipping industry 3- Digital transformation introduces artificial
intelligence, blockchain, 10T, big data and other technologies to drive services and innovations
in the maritime industry 4- Digitalization leads to a series of changes in ship operations, crew
and automation, which together increase productivity 5- Digitalization is already changing
business models and creating more opportunities for supply chains 6- The digital
transformation framework consists of three main layers: business, operations and infrastructure
7- Digital transformation refers to the transformation of an organization or a network of
organizations at the levels of strategy, governance, leadership, culture, people, technology, etc.
8- Digital transformation in supply chain management enables businesses to make each stage
of their supply chain clearer, more transparent by using their resources more efficiently 9- The
concept of the fourth industrial revolution in which connectivity focuses on the convergence of
information technology and operational technology. 10- Digital transformation is the process
of implementing digital technologies and supporting capabilities to create digital business
models. 11- Digitalization focuses on both digital infrastructure and digital services.

Digitization

Artificial intelligence has been used to analyze huge data sets, reduce the probability of -)
errors, and make correct decisions in a shorter period of time than in the past. 2- Adoption of
Al technology in the shipping industry helps control repetitive, time-consuming processes in
loading and unloading operations. 3- The core of the Fourth Industrial Revolution promotes the
emergence of autonomous ships. 4- Intelligent information technology is an underlying
technology that performs information processing activities at a high level of cognition, learning,
reasoning, and decision-making. 5- Digital and intelligent systems make processes more
intelligently controlled, and ship operations and intelligent management reduce costs. 6-
Artificial intelligence is one of the fastest technologies in industry and tourism, shipping, and
the logistics sector. 7- New technologies such as the Internet of Things, digitalization, robotics,
automation, blockchain, and Al can strengthen the world economy. 8- Artificial intelligence
minimizes human error and leads to reduced staff and safe navigation. 9- Paper documents are
replaced by smart contracts. And unnecessary parties are removed from the transportation
process. 10- It is also easier to add artificial intelligence and machine learning to analytical
tools. 11- Artificial intelligence can be an alternative to automatic navigation on the bridge. 12-
Blockchain, the Internet of Things and automation are increasingly relevant to maritime
transport. 13- Smart ports using a variety of new technologies have greatly increased the speed,

Innovative
technology
development

.safety and accuracy of operations

improving

1- Maritime transport plays a vital role in global economic sustainability.2- Analysis involves
reviewing the digitalization status of supply chain-related aspects and discovering opportunities
economic performance through digitization.
3- Every digital strategy a company develops should start with the business aspect and customer
experience. 4- One of the key factors changing the economy and society is digital
transformation.

5- The development of the economy towards digitalization is increasing. 6- Digital Digital

transformation faces at least two challenges: the digital divide and decision-making culture economy Digital
worldwide. 7- The digital economy is advancing and overcoming the tsunami of digital data. 8- Management
Investment in digital economy infrastructure can act as a proxy to reduce investments in sectors and
previously disrupted by e-commerce. 9- For independent investors, digital economy Governance
infrastructure has become a new asset class that converts data into added value. 10- The digital (QAA))]

economy has the ability to manage the increasing flow of digital data.

1- The COVID-19 pandemic has acted as a catalyst for the development and advancement of
digital transformation in the shipping industry. 2- The maritime transportation supply chain has
recognized the recovery of digital transformation after COVID-19. 3- The environmental Environmental
committee's emphasis is on reducing the sulfur content in ship fuel (from 3.5% to 0.5%). 4-
Fuel cost calculation using a monitoring system for fuel consumption during voyages and

AR
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operations. 5- One of the influential factors is the adoption of a strategy for controlling and
reducing greenhouse gas emissions. 6- Digitalization is essential for reducing environmental
impacts and ensuring sustainability.

1- The advancement of technology and digitalization in the maritime industry has increased the
efficiency, productivity, sustainability of transportation, and logistics. 2- Optimizing ship
operations includes models for ship operations, loading, fuel, and anchoring for maintenance.
3- Analyzing these data allows for advanced operations and optimized maintenance. 4- The use
of digital technologies can achieve sustainable goals and provide a competitive advantage
through cost reduction, improved efficiency, and enhanced environmental protection. 5- One of
the main drivers of digital transformation (DT) in the maritime transport sector is the reduction
of information exchange costs and transactions. 6- Improvement in resource planning and
information flow is directly related. 7- The impact of digitalization is an increase in
productivity, efficiency, safety, and sustainability of maritime services. 8- One of the main
indicators for measuring efficiency, access to markets, trade facilitation, and sustainable
practices is closely related to digitalization. 9- Digital transformation in maritime transport has
created new business opportunities and revolutionized supply chains and trade geography. 10-
The maritime industry has identified digital services as a key factor for improving operations,
efficiency, safety, and environmental impacts. 11- The exchange of information in digitalized
logistics activities has a positive impact on communication and information exchange.

Benefits of
digital
transformation

1- The increasing global population, e-commerce, the development of various digital
technologies, and climate change have placed the maritime industry in a key position to promote
digitalization.2- Navigation routes and cargo delivery at customs are shared in real-time through
the Internet of Things.3- The digital transformation journey has started in eight digital areas:
autonomous and robotic vehicles, artificial intelligence, big data, Internet of Things, cloud
computing, digital security, and 3D printing.4- Shipbuilding, maritime transport, and ports,
based on a systematic literature review, are the areas that have so far been digitalized.5- Smart
procedures aimed at integrating port infrastructure and traffic management for achieving
intelligent traffic control and infrastructure are classified.6- Maritime transport is an important
method in maritime trade towards digitalization, and it is rapidly penetrating various fields.7-
Shipping, as part of the industrial logistics chain, is in a turbulent situation due to energy price
fluctuations, technological immaturity, and upcoming regulations.8- The maritime transport
sector, transport companies, and maritime stakeholders are at various stages of the digital
transformation
9- Digital transformation in the maritime transport industry must first standardize processes
before port communities can implement it.10- The shipping industry depends on the digital
transformation process and requires suitable systems for acquiring, transferring, storing, and
analyzing large volumes of related data.11- Access to digital processes, innovations, and
communication platforms to increase efficiency and reliability in logistics processes and supply
chains worldwide is essential.12- The digital transformation journey is ongoing, and researchers
and professionals believe that its pace will increase in the coming years.13- There are three
generations of digital transformation: traditional, automation, and smart automation.

Digital travel

journey.

1- Digital transformation provides real-time customer queries, quotes, cargo booking, customs
clearance, and services, reducing costs and increasing productivity. 2- The world is moving
towards digitalization. 3- The use of new technology in monitoring naturally reduces the volume
of programs and costs. 4- The effects of digitalization on maritime transport can be seen in three
stages: optimization, expansion, and transformation. 5- The expansion of digitalization goes
beyond efficiency to create opportunities for new services and businesses. 6- The
transformation and reinvention of logistics, trade, and business models are based on data-driven
revenue streams and changes in business flows. 7- Digitalization will not only transform port
and shipping trade but will also change the geography of global trade. 8- Optimizing
transportation operations leads to a reduction in accidents at ports and at sea. 9- It reduces
pollution and greenhouse gas emissions, and overall helps reduce negative effects and simplify
international transportation. 10- Digitalization in shipping can help achieve sustainable
development goals. 11- The overall impact of digitalization in maritime transport on achieving
sustainable development goals within the international framework and national policies
impacting transport, employment, environment, innovation, and competition depends on it. 12-
Digital transformation is referred to as a powerful and versatile transformational tool for various
activities such as financial services, science and innovation, transport, and logistics. 13-
Digitalization also provides an opportunity for tracking, allowing transport owners to monitor
the status of their commanders at ports and seas. 14- Digital technologies in transportation have
both direct and indirect trends. 15- Shipping depends on the digital transformation process. 16-
Digital transformation in shipping is related to data storage and analytics infrastructure. 17- The
digitalization of the shipping industry is on a new path, providing digital opportunities.

Effects of
digitalization
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1- Supply chain management is significantly behind marketing, product management, and
customer service. 2- The use of artificial intelligence in logistics and supply chain management
requires organizational maturity and cultural readiness. 3- A technology-driven culture, when
digitally less mature, focuses on individual technologies. 4- Different cultural practices can
influence the design and control of logistics chains and their impacts on business and social
coexistence. 5- The implementation of digital culture in transportation, both at sea and on land,
and innovation in automation has been weak. 6- Increasing employee skills and learning levels
have a direct relationship with the implementation of digital transformation systems. 7- To
optimize usage, organizations must develop a structured training program for employees.

Digital
culture

JBemd Jood s atlge (osrdo sl oo 2598 L 9o
Table 4. Volume distribution of conceptual components of digital transformation components

Conceptual Category Number of Conceptual Number of Conceptual Total Related
Groups Components Elements
Digital Business Model 9 58 67
Digital Technologies 5 86 91
Digital Management & 6 64 70
Governance
Total 20 208 228
vy
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