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Abstract
Maritime transport, which moves the bulk of over 90% of
merchandise, and about 80% of its value, is a foundation of
global trade, and its pressures have grown due to
globalization, environmental regulations, and the complexity
in its operations. This systematic review analysis qualitatively
on how today’s emerging digital technologies, for e.g.
Artificial Intelligence (AI), the Internet of Things (IoT), Big
Data analytics, Blockchain, Digital Twins, and autonomous
systems can be used to transform the maritime into a more
efficient domain with a more environment sustainable, safer
operations. Systematic methods of literature review, of 1,333
records of peer-reviewed journals, conference papers, policies
and official reports of institutions was conducted, about 217
publications were filtered to be included in the qualitative
synthesis. The review can also point to essential applications
in ship operations, port management, maritime logistics,
supply chains, and governance with such measurable
benefits as fuel optimization, emissions reduction, predictive
maintenance, improved cargo throughput, open information
exchange and enhanced navigational safety. Comparative
assessment suggests that the maritime digitalization is further
behind other sectors of the economy like in aviation and
manufacturing because of the extended assets lifecycle,
fragmented ownership, and the complicated international
regulations frameworks. This review is a synthesis of the
technological, operational, environmental, and policy aspects
of digitalization of the maritime sector, which offers a future
research, policy-making, and implementation of a digitally
empowered, sustainable maritime sector.
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1. Introduction
The global economy cannot be completed without maritime transport because it facilitates international
commerce, economic growth, and globalization as in Figure 1 (Garciano, 2023; Rodrigue & Notteboom,
2024). It is common knowledge within the literature that the maritime industry transfers more than 90%
of the world freight and approximately 80% of freight value, which is the most energy-efficient mode of
transportation of large-scale freight transfer (Meeuws et al., 2023; UNCTAD, 2023). The global seaborne
trade in 2022 is over 11 billion tonnes, which demonstrates the stable increase in the long-run, regardless
of the disruptive impact of COVID-19 pandemic, geopolitical unrest, and the shocks in supply chains (Ha
& Singh, 2023). The stability and performance of the maritime sector are thus pegged directly with
economic stability anddevelopment of the world at large (Zhao et al., 2021).

Figure 1.OverviewofMaritime domains and globalization

Meanwhile, themaritime industry is increasingly experiencing hindrance with environmental sustainability,
operational efficiency, safety, and regulatory compliance (Riadh, 2024). International shipping contributes
about 2.9% to the global anthropogenic CO2 emissions, which may increase to a considerable amount in
the absence of effectivemitigation (Deng&Mi, 2023; Lu et al., 2023; Selin et al., 2021). Global pressure in
response has increased to decarbonize transport in the sea, enhance energy efficiency and cut emissions of
sulphur oxides (SO2), nitrogen oxides (NO2) and particulate matter (Onishchenko et al., 2024; Sotirakos,
2023). These pressures are in line with overall technological changes related to Industry 4.0, which focuses
more on digital connectivity, automation, cyber-physical systems, and data-driven decision-making (Alanhdi
&Toka, 2024; Bousdekis et al., 2021).
Digitalization has proved to be a major enabler in taking care of these issues in the field of maritime
(Karlsson et al., 2023; Tsvetkova et al., 2021). Recent academic literature interprets maritime digitalization
as the introduction ofmodern digital technologies, including Internet of Things (IoT) (Park&Bang, 2016;
Sanchez-Gonzalez et al., 2019), artificial intelligence (AI) (Munim et al., 2020), big-data analytics (Munim et
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al., 2020), block chain (Yang, 2019), digital twins (Mouzakitis et al., 2022), and autonomous systems
(Baldauf et al., 2018) into the workflow of the maritime industry. In the maritime supply chains these
technologies can be used in real time to track vessels and cargo, predict maintenance requirements,
improve fuel efficiency,monitor navigational safety andopen information exchange (Mar-Ortiz et al., 2018;
Simion et al., 2024). It has been empirically indicated that digital solutions may lead to a reduction in fuel
consumption (10-15%), minimization of the operational costs (Tsvetkova et al., 2021), and a significant
increase in the safety performance (Ichimura, 2021).
Regardless of these advantages, the maritime industry has traditionally been in the background of other
economic sectors (Ma, 2020), including manufacturing, aviation, and automotive, in terms of digital
maturity (Ramirez-Peña et al., 2020). Cross-industry comparisons of the levels of digitalization show that
maritime transport is defined by incoherent ownership systems (Mansouri et al., 2009), long-life assets
(Lazarev, 2023), safety culture conservativeness (Antonsen, 2009), and complicated international
regulations and are slow in adopting disruptive technologies (Bălan, 2020). Conversely, such sectors as
aviation have been quick to adopt predictive analytics (Chung et al., 2020), automation, and built-in digital
platforms because of the increased safety regulation and the shorter development timeline. However,
recent publications indicate a definite increase in the pace of digital transformation in the maritime
industry where over 70%percent of shipping and port organizations are currently involved in some type of
digital project (Almeida, 2023;Heilig et al., 2017;Raza et al., 2023).
Digitalization also has a close connection with the changing world regulation context (Kapidani et al.,
2020). The key policymaking body that guides technological and digital transformation is the International
Maritime Organization (IMO) (Canton, 2021; Christodoulou & Echebarria Fernández, 2021), which
implements technological and digital change with the help of the E-Navigation Strategy Implementation
Plan (Jeevan et al., 2020), the Original and Revised IMOGHG Strategies (Bilgili & Ölçer, 2024; Joung et
al., 2020), and mandatory energy-efficiency schemes, including the Energy Efficiency Existing Ship Index
(EEXI) and theCarbon Intensity Indicator (CII) (Bayraktar&Yuksel, 2023; Ivanova, 2021). These systems
are becoming more dependent on digital data collection and monitoring, reporting, and verification
systems, supporting the need to have efficient digital infrastructure throughout ships and ports
(Progoulakis et al., 2023). At regional level, other policies like the EUEmissions Trading System (EU ETS)
and FuelEU Maritime also provide a greater role of digital tools in monitoring and fulfilling emission
through complying policies (Almeida, 2023;Angeli, 2024).
In this light, a literature on the research of individual technologies or selected applications of digitalization
in themaritime industry is on the rise (Kyaw, 2024; Qi, 2021). Nevertheless, the literature is still disjointed
across fields, and there is notmuch synthesis between the emergent technologies, sustainability deliverables,
safety of operations, and global governance frameworks. This review paper fills this gap by systematically
discussing the importance of new technologies in digitalizing the maritime sector, evaluating their
contribution to efficiency, environmental performance and safety, and juxtaposing the maritime
digitalization paths to those of other sectors. Additionally, the paper critically analyzes how the IMO and
the globalmaritime policies have a role to play in a digitally enabled and sustainablemaritime future.

3.Dataset andMethodology
3.1ResearchDesign
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The literature review (SLR) methodology is implemented in this study because the investigation aims to
examine the effects of emerging technologies and digitalization on the further development of efficiency,
environmental sustainability, and operational safety in the maritime environment. The systematic review
method was chosen to reduce the likelihood of transparency, reproducibility, and a wide range of peer-
reviewed scholarlymaterials, policy records, andofficial institutional reports. Themethodology adheres to a
set of standards of systematic reviews in transport, sustainability, and engineering studies, specifically,
PRISMA (Preferred Reporting Items to Systematic Reviews andMeta-Analyses) framework (Abbasnejad et
al., 2024; Kraus& Proff, 2021; Tahir et al., 2024; Zubair et al., 2023). It is both qualitative and integrative
in form as it gathers results of many streams of research such asmaritime transport, digital transformation,
Industry 4.0, environmental management, and maritime governance. Instead of dealing with one
technology or sub-sector, the study gives an overall evaluation of ships, ports, shipping operations,maritime
logistics, and regulatory frameworks.
3.2DataCollection
The literature used in this review is peer-reviewed journal articles, conference papers, and institutional
reports that were accessedmainly via Google Scholar and complemented with journals indexed in Scopus-
and Web of Science- in order to make the review academically sound. Google Scholar was chosen as the
main search engine because it covers a wide range of interdisciplinary literature about the maritime,
engineering, and policy. The search of literature involved the period between 2010 and 2024, selecting
both the initial conceptual work and the latest shifts in the digitalization of themaritime sphere.Other grey
literature came through international recognized bodies among them, the ones listed include:
International Maritime Organization (IMO), United Nations Conference on Trade and Development
(UNCTAD), World Bank, OECD (A non-profit organization that offers the world's ports and harbors
congress and engages in policy development), International Association of Ports and Harbors (IAPH).
International Association of Ports andHarbors (IAPH) is a non-profit organization that serves as the world
congress of ports and harbors and participates in the development of policies. These sources were added as
it would be possible to combine policy, regulatory, and industry views that are not always present in
academic journals yet are extremely relevant to themaritime digitalization.

3.3 Search Strategy
The structured keyword search strategy was used by combining the terms such as Maritime digitalization,
shipping emerging technologies, maritime transport and Industry 4.0, smart ports, artificial intelligence in
maritime, IoT in shipping, maritime sustainability, digital technologies and IMO digitalization and
environmental regulations. Search results were narrowed down using the Boolean operators (AND, OR).
Backward and forward snowballing was also done to select other relevant studies using reference lists of
highly cited articles (Badampudi et al., 2015;Wohlin et al., 2022).

3.4 Inclusion andExclusionCriteria.
In order to ascertain relevancy and quality, clear inclusion and exclusion criteria were used. The inclusion
criteria was authoritative conference papers and peer-reviewed journal articles. Publications covering digital
technologies in the maritime transport, ports, shipping, or maritime logistics. Digitalization and efficiency,
safety or environmental sustainability. International policy/ regulatory documents of established
international bodies. The exclusion criteria paper not related to the maritime or waterborne transport.
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Articles that only dealt with technical design and are not relevant to operations or sustainability and non-
peer reviewed news. The final dataset of publications was saved after going through titles, abstracts, and full
texts to undergo proper analysis.

3.4.1. Identification Phase
Purpose: Find out all the potentially relevant documents on the topic of digitalization and emerging
technologies in the maritime field. Database Search: 1,246 articles were found in Google scholar, Scopus
andWeb of science databases with the help of structured key-words in the form of maritime digitalization,
emerging technologies in shipping, and Industry 4.0 maritime transport. Additional Sources: 87 records
were acquired based on institutional reports, regulatory documents, and reference lists of important
publications, such as thematerial of the InternationalMaritimeOrganization (IMO), UNCTAD,OECD,
andWorldBank.

3.4.2. Screening Phase
To ensure the maximum coverage of the academic, industry and policy literature the screening phase
applied for duplicate removal. 312 duplicate records were eliminated and 1,021 unique publications were
left to the screening. Title andAbstract Screening: Records were screened to evaluate their relevance to the
process of maritime digitalization, supportive efficacy, sustainability and safety. Records Excluded: 603
records were filtered out as irrelevant, not related to the maritime, non-maritime studies, study not
centered on digital technologies and opinion pieces lacking empirical or analytical data. Remaining
Records: 418 publications went to full text review. Exclusion Criteria: 201 studies were eliminated because
of the following reasons: Lack of attention to new technologies or online tools. Not connected with the
outcome of operational efficiency, safety, or sustainability. Non-peer-reviewed (e.g. newsletters, blogs, or
opinion pieces).

3.4.3 Inclusion Phase
Final Dataset comprising 217 peer reviewed journal articles and institutional authoritative reports were
incorporated in the qualitative synthesis. The studies that were chosen address a variety of thematic areas:
Ship operation, fuel optimization, emission tracking, predictability and navigation (Martelli et al., 2021;
Rafalias, 2024; Yuan et al., 2021). Port and terminal management (Kuo et al., 2022). Digitalization of
maritime logistics and supply chain (Smerichevska et al., 2024). Environmental sustainability Safety and
risk management (Durlik et al., 2024), Smart and intelligent shipping (Rafalias, 2024; Xiao et al., 2024).
Cybersecurity Policy and governance systems (Ben Farah et al., 2022) Table 1. Digitalization of cross-
industries (Tran, 2020). These publications constitute an empirical and theoretical foundation to the
analysis of the transformations of digital technologies in the maritime industry to become efficient,
sustainable andoperationally safe.

3.5DataAnalysis and Synthesis
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The thematic content analysis was used to analyze the chosen literature. The studies were coded and were
classed into broad thematic areas such as:
 Newdigital technologies (AI, IoT, big data, blockchain, digital twins, autonomy)
 Applications in themaritime industry (ships, ports, shipping activities, logistics)
 The result of changes in operational efficiency (fuel optimization, predictive maintenance, cost

reduction)
 Environmental sustainability effects (reduced emissions, energy efficiency, compliance)
 Safety and riskmanagement (navigation, human factors, cybersecurity)
 Policy and governance systems (IMO strategies, international and regional regulations)
 Comparative digitalization (maritime versus other industries) Comparisons across sectors cross-

sectoral comparisons were based on the synthesis of the results of the maritime studies with
digitalization literature across the aviation, manufacturing, and logistics industries. This allowed
determining digitalmaturity gaps, best practices, and transferable innovations.

3.6Reliability, Validity, and Limitations
Multiple databases and institutional sources were employed, and the inclusion criteria were always used.
Triangulation of academic, policy and industry literature was used to enhance the validity. Nevertheless,
the research is limited in some ways. First, it is based on secondary data and published literature that can
have a regional or a publication bias. Second, quantitative meta-analysis was not done because the studies
hadheterogeneity in theirmethodologies andperformance indicators. Themethodology helps to conclude
on evidence and gives a systematic structure of future research on the topics of the sustainable maritime
sector in terms of empirical observations, policy formulation, and implementation of technological
solutions.

Table 1.Maritime domain cover the theme for literature review
Theme Dataset / Literature

Focus
KeyTechnologies MainApplications KeyOutcomes

Ship Operations &
Navigation

Peer-reviewed journal
articles (shipping,marine
engineering)

IoT,AI,ML,Digital
Twins

Route optimization,
predictive maintenance,
voyageplanning

Fuel savings, reduced
downtime, improved
safety

Port & Terminal
Operations

Smart port case studies,
port authority reports

IoT, Automation,
AI,BigData

Cargo handling, berth
allocation, traffic
management

Increased throughput,
reducedcongestion

Maritime Logistics
&SupplyChains

Logistics and transport
journals

Blockchain, IoT,
BigData

Cargo tracking,
documentation, supply chain
transparency

Reduced delays,
enhanced traceability

Environmental
Sustainability

Environmental science
and transport journals

AI, IoT, Big Data,
Digital Monitoring
Systems

Emissionsmonitoring, energy
efficiency, compliance
reporting

CO₂ reduction,
regulatory compliance

Safety & Risk
Management

Maritime safety and
humanfactors studies

AI, Decision
Support Systems,
AR/VR

Collision avoidance,
emergency response, crew
training

Reduced accidents,
enhanced situational
awareness

Autonomous &
Smart Shipping

Experimental and pilot
studies

Autonomous
Navigation Systems,
AI, Sensors

Remote and autonomous
vessel operations

Operational
resilience, human
error reduction

4.Discussion
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As shown by the current review, there exist emerging digital technologies which are increasingly becoming
key towards efficiency, operational safety as well as environmental sustainability in the maritime sector.
This discussion synthesizes the insights of 217 peer reviewed and authoritative articles to understand how
digitalization applies in the most important domains of the maritime environment, such as ships, ports,
logistics and governance andplaces these insights in the context of cross industry comparisons.

4.1Digitalization in ShipOperations andNavigation
Cargo ships are multivariate systems that have risks in operation and environment. The combination of
IoT, artificial intelligence (AI), digital twins, and predictive analytics has made possible the creation of real-
time monitoring tools (Radanliev et al., 2022), predictive maintenance tools, and route optimization tools
(Durlik et al., 2024). Research shows that AI-based optimization of the voyage can decrease fuel
consumption by 8--5% (Rafalias, 2024; Zhang et al., 2024) that results into both financial and
environmental advantages (Miller et al., 2024; Tseng & Lin, 2024). Simulating the performance of a ship
in different conditions, digital twins contribute to the prevention of unplanned downtimes and help to
reduce risks in the context of equipment failure and prevent its proactive maintenance and safety
management (Folino, 2023; Nejad et al., 2021). Nevertheless, this is limited by the capital cost, and long
asset life, and limitation of adoption due to regulating compliance. The maritime digitalization is slower,
compared to aviation or manufacturing (Babica et al., 2019; Ellingsen & Aasland, 2019; Sullivan et al.,
2020), which have shorter innovation cycles and highly standardized platforms, which, however, the speed
of increasing the pace of autonomous navigation experiments suggests that a wave is gaining momentum
(Brandsæter&Knutsen, 2018;Chan et al., 2022) .

4.2Terminal and PortsDigitalization
Ports are important links in a global supply chain and digitalization in port operations is one of the most
effective methods to improve the input and efficiency (Alzate et al., 2024). Automation, AI-based berth
availability, IoT-based cargo tracking, and blockchain documentation are examples of technologies that
enhance the coordination of logistics andminimize turnaround times (Alanhdi&Toka, 2024). European
smart port case studies show that productivity increased by 20-30 % and that congestion is reduced
(Belmoukari et al., 2023; Klaffke et al., 2017; Suárez-Alemán, 2016). In addition, environmental
sustainability, which is facilitated by IoT-based sensors and energy management systems, assists ports to
adhere to the requirements of emissions regulation and excessively use energy (Mishra & Singh, 2023;
Nitonye et al., 2024). As the advanced ports are becoming themost digital, the smaller or developing ports
fall behind because of gap in infrastructure and low levels of digital literacy, and there is an unequal
distribution of technological benefits across regions.

4.3Maritime logistics and SupplyChain Integration
The concept of digitalization has supported the establishment of end-to-end visibility through maritime
supply chains, which have become connected to shipping, port operations, and inland logistics (Lind et al.,
2020). Cloud based platforms and blockchain give safe and clear records, minimizing the time delays,
shipment disputes, and malfunction (Liu et al., 2023). Demand forecasting and fleet utilization using big
data analytics can serve to increase efficiency (Tay et al., 2021) and the ability to withstand disruptions. It
has been compared with cross industries with maritime logistics performance scoring lower than air cargo
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and e-commerce logistics regarding real-time digital visibility and integration of supply chains because of
fragmentation in ownership and regulatory fragmentation (Andrei et al., 2024). Nevertheless, pilot projects
in digital freight platforms have shown success, which shows the possibility of scaling and making the
global trademore resilient (Gao et al., 2023).

4.4 Environmental Sustainability
One of the major reasons that drive the maritime digitalization is environmental consideration. IMO
GHGStrategy, EEXI, andCII frameworks demandpropermonitoring of the fuel consumption, emissions,
and energy efficiency (Bayraktar & Yuksel, 2023; Louizou, 2024). The use of digital technologies allows
tracking the level of CO2, SO2, NO2 and PM emissions continuously (Berg et al., 2012; Cammin et al.,
2020; Karachalios et al., 2023), which is why it is possible to comply with international standards and even
voluntary carbon reduction programs. Engine optimization through AI, together with predictive
maintenance has proven to save fuel by up to 15%, which is very considerable in terms of decarbonization
(Sarantopoulos, 2024). The review points out the fact that digitalization is not merely a technological
intervention but also a strategic enabler of sustainability, which incorporates operational, regulatory, and
environmental aspects (Martínez-Peláez et al., 2023).

4.5Operational Safety andRiskManagement
The issue of safety is a fundamental issue in maritime. New technologies, such as augmented reality (AR),
AI-powered decision support and autonomous navigation systems improve situational awareness,
minimize human error, and facilitate remote monitoring (Durlik et al., 2024). Predictive analytics detect
the possible hazards, which allows prompt actions (Kretschmann, 2020). Cybersecurity has become more
and more pressing due to the increase in the connection of digital platforms; blockchain and secure
communication protocols can help secure the operational technology (OT) systems against cyber threats.
Research suggests that there is positive correlation between technology adoption and incidents (collisions,
groundings and equipment failures) reduction (Durlik et al., 2024; Louizou, 2024). However, human
factors and training needs are still a necessity in order to achieve full benefits of safety (Galieriková, 2019;
Veltsin, 2024).

4.6 Policy,Governance, and theRole of IMO
The international regulation of the sea, through the International Maritime Organization (IMO), has
played a significant role in spearheading digitalization in line with the sustainability objectives. E-Navigation,
the IMODataCollection System (DCS), and even the compulsory energy-efficiency standards demand the
use of digital reporting and monitoring systems (Karim, 2022; Martínez de Osés & Uyà Juncadella, 2021;
Weintrit, 2011). The review holds an emphasis that regulatory frameworks are both stimulating and
restraining: they establish standardized channels of technology adoption, and complicated compliance
requirements and coordination issues globally may hinder implementation. Regional policies, including
the EU FuelEUMaritime and Emissions Trading System, are supplementary to policies at IMO (Kırval &
Çalışkan, 2022), and they show that digital monitoring tools are essential towards the implementation of
the policy.
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4.7Cross-IndustryComparison
Themaritime industry shows average rates of digital maturity as compared tomanufacturing, aviation, and
logistics (Hollming, 2017). Barriers include: asset lifecycle management and processes which are capital-
intensive, absence of single ownership and international control and poor vessel to port digital platform
standardization. However, the experience of other industries suggests that modular digital systems,
predictive analytics, and integrated platforms will be able to accelerate the adoption, improve operational
efficiency, and sustainability. Maritime digitalization is increasingly following this trend with autonomous
shipping pilot projects, smart port projects, and supply-chain integration projects (Galieriková, 2019;
Heikkilä et al., 2022).

4.8 Synthesis of Findings
The discussion reveals that: The new technologies are changing the way operations are conducted in the
sea, at ports, and even the supply chains (Liu et al., 2023). Digitalization is associated with operational
efficiency, environmental sustainability, and safety that comply with the IMO acts and the objectives of
global decarbonization (Mba, 2024). Adoption is done differently in different regions and even in different
subsectors, with the larger ports and shipping firms being the ones with highmaturity and the smaller ones
being far behind. Policy frameworks are dualistic: they encourage the adoption of digital but demand
major investments and adherence to them (Agarwala, 2022). Cross-industry benchmarks are practical data
points, which indicate that modular and interoperable digital systems can hasten change (Jensen et al.,
2021).

4.9ResearchGaps andFutureDirections.
Although the literature is growing in size, there are a number of gaps: The lack of empirical studies on the
environmental effects of digitalization in the long term (Gavalas et al., 2022). Autonomous shipping
requires additional research on cybersecurity and human-factor integration. Existence of short cost benefit
studies on digital investment in port construction and small fleets. Continual difficulties when it comes to
globalization of digital systems.
In order to realize sustainable digital transformation in the maritime industry, further studies should
provide holistic models, whereby technological elements are coupled with policy elements, environmental
factors, forecasting and human factors. The review highlights the fact that digitalization is not a secondary
remedy but rather an enabler of themodernmaritime activity. The industry can also be efficient to increase
safety by achieve environmental goals, and align by using new technologies which will help meet
international standards. A comparative analysis shows that maritime transport is aligning with other
industries in digitalmaturity, but continued investment, alignment of policies and growing the workforce is
essential to maximize the potential of a digitally transformed and sustainable maritime industry (Li et al.,
2023).

5. Conclusion
The impact of the new technologies in developing the digitalization, operational effectiveness,
environmental responsibility, and safety of the maritime industry is radical as it is presented in this
systematic review. The maritime industry, which manages the world merchandise, is experiencing
increasing pressures due to the economic globalization, environmental policies as well as the intricacy of
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maritime operations. These challenges can be overcome with the help of digital technologies such as
artificial intelligence, the Internet of Things, big-data analytics, block chain, digital twins, and autonomous
systems, which are the key facilitators.
As the review shows, digitalization improves the operations of the ships, themanagement of ports, logistics,
and integration of the supply chain with quantifiable positive effects of fuel optimization, lowered
emissions, improved cargo throughput, predictive maintenance, and improved navigational safety. Digital
monitoring and reporting systems are becoming increasingly popular with environmental compliance
being facilitated under IMO regulations and international sustainability frameworks, both in reduce
carbonization efforts and compliance with regulations.
Although the maritime sector has traditionally been behind other industries as a sector in terms of digital
maturity like aviation and manufacturing because of the long life cycles of assets and the fragmentation of
ownership and the invisibility of extensive regulatory requirements, there have been recent trends of
increased adoption of digital technologies. Examples of how the sector is shifting towards Industry 4.0
paradigms are smart ports, autonomous shipping trials and integrated supply chain platforms.
Opportunities of knowledge transfer, modular adoption of digital and policy-based standardization are also
highlighted by the cross-industry comparisons.
Nevertheless, there are still gaps in simulation techniques, cybersecurity, human factor adaptability,
sustainability tests, and cost benefit analysis especially to developing regions and smaller operators. To fill
these gaps, the continued investment in digital infrastructure, training of the workforce, and ensuring the
alignment of the global and regional policies to facilitate the coherent digital ecosystem is necessary. To
sum up, digitalization is not a technological movement but a strategic facilitator of the sustainable
development of the maritime industry. The sector can improve its efficiency, safety, and sustainability by
overlaying new technologies with policy, operation, and environmental factors, which would eventually
lead to resilient global trade and economic growth as well as climate objectives. The future research must
deal with holistic and cross-disciplinary models in order to maximize the long-term socio-economic and
environmental advantages of technology implementation.
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