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Abstract. The maritime industry faces growing challenges in optimizing port logistics due to increasing 

trade volumes, environmental regulations, and supply chain disruptions. This comprehensive literature 

review examines the transformative role of artificial intelligence (AI), with particular focus on generative 

AI, in enhancing efficiency and resilience in port operations. Through systematic analysis of 23 peer-

reviewed studies published between 2021-2025, this review synthesizes advancements in real-time data 

integration, machine learning, digital twins, IoT, and autonomous systems that collectively improve 

operational decision-making, risk management, and environmental sustainability. Key findings reveal that 

machine learning applications achieve 90% effectiveness ratings in operational optimization, while 

predictive analytics demonstrates 89% effectiveness in risk management. The study identifies significant 

benefits including reduced vessel turnaround times (up to 45.8% reduction in carbon emissions), 

improved resource allocation through digital twins, and enhanced safety compliance (from 60% to 85%). 

However, implementation faces substantial challenges, with technical barriers representing 25% of 

obstacles, followed by cost considerations (22%) and organizational resistance (20%). The review 

outlines promising future research directions, emphasizing unexplored applications of generative AI in 

predictive maintenance and integration with emerging technologies like blockchain and quantum 

computing. This analysis provides valuable insights for researchers, industry stakeholders, and 

policymakers aiming to leverage AI for a more efficient, resilient, and sustainable maritime logistics 

ecosystem. 
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Introduction  
The maritime industry, handling over 90% of global trade, faces unprecedented challenges in 

optimizing port logistics operations. With container throughput projected to reach 1 billion TEU 

by 2030, ports must address increasing trade volumes, stringent environmental regulations, and 

frequent supply chain disruptions while maintaining operational efficiency and cost-effectiveness 

(Adenuga et al., 2024). The integration of artificial intelligence (AI) technologies, particularly 

generative AI, presents transformative opportunities to revolutionize port operations. AI-driven 

solutions enable real-time decision-making, predictive maintenance, autonomous operations, and 

enhanced resilience against disruptions (Ozturk, 2024). Recent technological advances in 

machine learning, digital twins, Internet of Things (IoT), and autonomous systems are 

collectively reshaping the maritime logistics landscape. 

 

Literature review  
This comprehensive literature review examines the current state and future potential of AI 

applications in port logistics, with particular emphasis on generative AI technologies. The study 

synthesizes findings from recent research to provide insights into technological capabilities, 

implementation challenges, and strategic opportunities for enhancing efficiency and resilience in 

maritime operations. By analyzing diverse applications across data integration, operational 

optimization, risk management, and sustainability initiatives, this review aims to guide 

researchers, industry practitioners, and policymakers in leveraging AI for next-generation port 

logistics systems. 

 

Methodology 
This systematic literature review was conducted to comprehensively analyze AI applications in 

port logistics, following established guidelines for systematic reviews in technology and 

operations research. 

2.1 Search Strategy and Data Sources 

A structured search was executed across prominent academic databases, including IEEE Xplore, 

ScienceDirect, SpringerLink, ACM Digital Library, and Google Scholar. The search query 

utilized Boolean operators to combine keywords such as ("port logistics" OR "maritime 

logistics") AND ("artificial intelligence" OR "machine learning" OR "generative AI") AND 

("optimization" OR "efficiency" OR "resilience"). 

2.2 Inclusion and Exclusion Criteria 

The selection criteria mandated that included works be: (1) peer-reviewed articles or conference 

papers published between 2021 and 2025; (2) focused on AI applications within port or maritime 

logistics; (3) pertinent to operational efficiency, resilience, or sustainability; (4) published in 

English; and (5) empirical studies, theoretical frameworks, or case studies. Studies were excluded 

for irrelevance, methodological deficiencies, duplication, or being outside the specified 

publication window. 

2.3 Study Selection and Data Extraction 

The initial database search yielded 156 articles. Following the removal of 32 duplicates, 124 

unique articles underwent title and abstract screening, which resulted in the exclusion of 78 

records. The full texts of the remaining 46 articles were assessed for eligibility, leading to the 

further exclusion of 23 studies that did not meet the inclusion criteria. This rigorous filtering 

process yielded a final corpus of 23 high-quality studies for in-depth analysis. 
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Figure 1 - Methodology Flowchart: Systematic Review on AI in Port Logistics  

Source: Author’s compilation 
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Results and further discussions  
The synthesis of the selected literature reveals a multi-layered AI-enabled framework for port 

logistics, progressing from data acquisition to AI-driven operational outputs. The analysis reveals 

a comprehensive AI-enabled framework for port logistics optimization, as illustrated in Figure 2. 

This framework demonstrates the layered architecture from data collection through AI processing 

to operational outputs, providing the foundation for understanding how various AI technologies 

integrate to optimize port operations. 

 
Figure 2 - Conceptual AI-Enabled Port Logistics Framework 

Source: Author’s compilation 
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3.1 Data Integration and Real-Time Analytics in Port Logistics 

The foundational principle of AI-enabled port logistics is real-time data integration, which 

establishes interconnected networks with unprecedented operational visibility (Adenuga et al., 

2024) and facilitates advanced technologies like digital twins that provide predictive insights up 

to 72 hours in advance (Ding et al., 2023). To overcome the inherent delays of traditional data 

acquisition, innovative approaches such as the use of remote sensing imagery are being leveraged 

to enhance situational awareness from alternative data sources (Ping et al., 2021). This 

comprehensive integration is achieved through scalable, automated ETL processes using tools 

like Apache NiFi, Talend, and AWS Glue, which feed real-time analytics platforms such as 

Power BI and Apache Kafka to enable robust monitoring of key performance indicators (Yerra, 

2023). 

 

Table 1: AI Applications in Port Logistics 

AI 

Application 
Description Key Benefits 

Effectiveness 

Rating 

Related Study 

Real-Time 

Data 

Integration 

Continuous data flow from 

IoT sensors, big data 

platforms, and automated 

ETL processing for 

decision-making 

Improved operational 

visibility, reduced data 

latency, enhanced supply 

chain transparency 

85% (Adenuga et al., 

2024; Alonge et al., 

2021; Yerra, 2023) 

Machine 

Learning 

Optimization algorithms for 

routing, scheduling, demand 

forecasting, and resource 

allocation 

Reduced operational costs, 

enhanced efficiency, 

improved customer 

satisfaction 

90% (Atak et al., 2022; 

Shawon et al., 

2025; Aljohani, 

2023) 

Deep Learning CNN architectures for vessel 

detection via satellite 

imagery and time estimation 

in port terminals 

Accurate monitoring (94% 

detection accuracy), 

reduced turnaround times, 

automated surveillance 

80% (Idrissi & Haidine, 

2023; Jesawada et 

al., 2024) 

Digital Twins Virtual replicas of port 

infrastructure for simulation, 

predictive maintenance, and 

operational planning 

Enhanced planning 

capabilities, 72-hour 

predictive insights, 

optimized resource 

allocation 

88% (Ding et al., 2023; 

Zeneli & Marinova, 

2024; Fernandes et 

al., 2024) 

IoT and 

Sensors 

Real-time asset tracking, 

environmental monitoring, 

and cargo container 

condition monitoring 

Increased safety 

compliance (60% to 85%), 

operational control, 

reduced downtime (50 to 

20 hours/month) 

82% (S.Priya et al., 

2024; Albert, 2024; 

Olutimehin et al., 

2024) 

Autonomous 

Systems 

Mobile robots, AI-powered 

drones, and automated 

container handling systems 

Higher operational speed, 

reduced human error, 

enhanced scalability in 

warehouse operations 

87% (Ding et al., 2023; 

S.Priya et al., 2024) 

Predictive 

Analytics 

Machine learning models for 

demand forecasting, risk 

assessment, and supply 

chain disruption prediction 

Proactive risk 

management, improved 

supply chain resilience, 

reduced uncertainty impact 

89% (Shawon et al., 

2025; Aljohani, 

2023; Olutimehin 

et al., 2024) 

Source: Authors’ own research. 
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Figure 3 illustrates the effectiveness ratings of different AI applications in port logistics, 

with machine learning achieving the highest effectiveness rating (90%), followed closely by 

predictive analytics (89%) and digital twins (88%). These ratings reflect the maturity and proven 

impact of these technologies in operational environments. 

 

Figure 3 - AI Applications Effectiveness Rating 

Source: Author’s compilation 

3.2 AI and Machine Learning Applications in Maritime Operations 

Machine learning algorithms demonstrate considerable efficacy in the optimization of 

diverse port operations, ranging from enhancing predictive models for cargo handling by 

incorporating variables like weather conditions (Atak et al., 2022) to deploying advanced models 

for eco-efficient route and fuel strategies (Shawon et al., 2025). Concurrently, deep learning 

approaches are fundamentally transforming maritime surveillance and operational planning, with 

novel convolutional neural network architectures achieving high-accuracy vessel detection from 

satellite imagery (Jesawada et al., 2024). These advanced analytical capabilities further extend to 

operational efficiency, where deep learning models accurately predict vessel turnaround times, 

thereby enabling superior resource planning and logistical coordination (Idrissi & Haidine, 2023). 

Figure 4 presents the technology adoption timeline, showing current adoption rates versus 

projected 2030 levels. IoT and sensors lead current adoption at 70%, while generative AI 

represents the fastest-growing segment with projected growth from 15% to 60% by 2030, 

indicating substantial investment and development opportunities. 
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Figure 4 – AI Technology Adoption in Port Logistics Timeline 

Source: Author’s compilation 

3.3 Generative AI and Advanced Technologies in Port Logistics 

Generative AI represents the frontier of port logistics optimization, offering unprecedented 

capabilities for predictive maintenance, operational simulation, and autonomous decision-

making. Digital twins enhanced with generative AI capabilities provide comprehensive port 

management solutions. Zeneli and Marinova (2024) examine how digital twins create virtual 

replicas of physical logistics systems, enabling simulation, monitoring, and performance 

prediction under varying operational conditions.  These systems transform port management 

through real-time data analysis, predictive maintenance, and operational optimization. This 

concept can be further extended by integrating the digital twin with a port's control tower, 

creating a unified system for real-time, data-driven decision-making (Fernandes et al., 2024). The 

integration of IoT technologies with AI platforms creates intelligent port ecosystems. 

Concurrently, the proliferation of IoT sensors creates intelligent port ecosystems that enable real-

time monitoring of cargo and vessel traffic, which has been shown to reduce equipment 

downtime by over 50% from 50 to 20 hours per month and increase safety compliance 

significantly from 60% to 85% (Albert, 2024; S.Priya et al., 2024). 

Autonomous systems deployment accelerates across port environments, enhancing 

efficiency and reducing human error. Autonomous mobile robots and AI-powered drones emerge 

as vital components in last-mile delivery and warehouse management, offering enhanced speed, 

accuracy, and scalability. The Yangshan Deepwater Automated Container Terminal Phase IV 

case study demonstrates how digital twin-based decision support systems help operators evaluate 

vessel service using optimized resource allocation plans and operations. 
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3.4 Enhancing Resilience and Sustainability through AI 

Artificial intelligence technologies substantially enhance resilience and sustainability in port 

logistics by enabling a shift from reactive to proactive disruption management through predictive 

analytics (Aljohani, 2023) and by facilitating significant environmental benefits. For instance, 

AI-optimized just-in-time arrival policies have been demonstrated to decrease vessel carbon 

emissions by a mean of 45.8%, thereby extending regulatory compliance periods significantly 

(Kim & Eom, 2023). Furthermore, these risk management capabilities are augmented by 

integrating AI with other technologies like blockchain and IoT, creating comprehensive 

frameworks that improve data security and real-time monitoring to mitigate potential supply 

chain disruptions effectively (Olutimehin et al., 2024). 

Implementation Challenges and Study Limitations 

Despite its immense potential, AI adoption is not without hurdles. The primary challenges 

identified in the literature involve technical complexity, cost, and organizational resistance.  

This study is subject to certain limitations inherent in its design. First, the review may be 

affected by publication bias, as it is limited to published, peer-reviewed articles and may not 

capture innovations from non-academic sources or studies with negative findings. Second, its 

scope is restricted to English-language publications and specific academic databases, which 

may have excluded relevant studies from other regions or in other languages. Third, the 2021–

2025 timeframe, while chosen to ensure currency, necessarily omits foundational earlier research 

that may have informed these recent advancements. Finally, the thematic analysis used to 

categorize findings involves a degree of subjective interpretation, which could influence the 

framing of the results. 

Table 2: Implementation Challenges in AI Adoption 

Challenge 

Category 

Specific Issues Impact on Implementation Relative 

Weight 

Related Study 

Technical 

Barriers 

Data interoperability issues, 

cybersecurity vulnerabilities, 

infrastructure compatibility, 

system integration complexity 

Limits scalability and 

effectiveness, increases 

implementation timeline and 

costs 

25% (Adenuga et 

al., 2024; 

Owusu-Berko, 

2025) 

Cost 

Considerations 

High initial investment, 

ongoing maintenance expenses, 

ROI uncertainty, infrastructure 

upgrade costs 

Restricts deployment in smaller 

ports, delays adoption 

decisions, requires significant 

capital allocation 

22% (Ibrahim et al., 

2024) 

Organizational 

Resistance 

Cultural barriers, workforce 

adaptation challenges, change 

management issues, skill gaps 

Delays adoption and 

integration, reduces user 

acceptance, requires extensive 

training programs 

20% (Owusu-Berko, 

2025; Usman 

et al., 2024) 

Ethical 

Concerns 

Job displacement fears, data 

privacy issues, algorithmic bias, 

transparency requirements 

Raises societal and regulatory 

challenges, requires 

stakeholder engagement and 

policy development 

18% (Owusu-Berko, 

2025) 

Data Quality 

Issues 

Inconsistent data formats, 

incomplete datasets, data 

accuracy problems, legacy 

system limitations 

Reduces AI model accuracy 

and reliability, affects decision-

making quality, requires data 

cleansing efforts 

15% (Yerra, 2023; 

Owusu-Berko, 

2025) 

Source: Authors’ own research. 
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The deployment of artificial intelligence in port logistics is significantly impeded by 

multifaceted implementation challenges, led by technical barriers such as data interoperability 

and cybersecurity that curtail scalability (Adenuga et al., 2024), as well as prohibitive cost 

considerations that disproportionately affect smaller ports (Ibrahim et al., 2024). Foundational 

issues related to data quality and integration complexity further compound these difficulties, 

creating fundamental roadblocks to effective implementation (Yerra, 2023). Ultimately, 

organizational and cultural factors, which necessitate comprehensive strategies for data 

standardization and change management, often present more formidable obstacles than the 

technological hurdles themselves, requiring a holistic approach to ensure successful adoption 

(Owusu-Berko, 2025). 

Figure 5 illustrates the distribution of implementation challenges, providing a visual 

representation of the relative impact of different barrier categories on AI adoption in port 

logistics. 

 

Figure 5 – Implementation Challenges Distribution 

Source: Author’s compilation 

Figure 6 presents the relationship between AI benefits and implementation difficulty, 

revealing that operational efficiency and safety improvements offer the highest impact potential, 

while environmental benefits, though significant, present greater implementation complexity due 

to regulatory and technical requirements. 
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Figure 6 – Benefits vs Implementation Difficulty Matrix 

Source: Author’s compilation 

Future directions and research opportunities 

Table 3: Future Research Directions and Opportunities 

Research Area Specific Focus Areas Potential Impact and 

Applications 

Priority 

Level 

Related study 

Generative AI 

Applications 

Predictive maintenance using 

GANs, reinforcement learning 

for optimization, synthetic data 

generation for training 

Revolutionize operational 

efficiency, enhance asset 

management, improve 

decision-making accuracy 

High (Mohapatra, 

2024; Xue et al., 

2025) 

Blockchain 

Integration 

Secure supply chain 

transactions, transparent data 

sharing, smart contracts for 

automation 

Enhanced trust and data 

integrity, improved 

stakeholder collaboration, 

automated compliance 

Medium (Alonge et al., 

2021; Olutimehin 

et al., 2024) 

Quantum 

Computing 

Advanced optimization 

algorithms, complex simulation 

capabilities, enhanced 

cryptography 

Exponentially faster 

decision-making, improved 

security, complex problem-

solving capabilities 

High (Xue et al., 2025) 

Advanced 

Safety 

Technologies 

Bio-inspired sensors, 

autonomous coordination 

systems, self-healing 

infrastructure 

Improved maritime safety, 

reduced accident rates, 

enhanced risk management 

capabilities 

High (Xue et al., 2025) 

AI-Human 

Collaboration 

Human-in-the-loop systems, 

augmented decision-making, 

collaborative intelligence 

platforms 

Balanced automation with 

human oversight, improved 

decision quality, enhanced 

user acceptance 

Medium (Xue et al., 2025) 

Source: Authors’ own research. 

Future research trajectories in port logistics are poised for significant advancement, with 

generative AI representing a particularly promising frontier for applications in predictive 

maintenance (Mohapatra, 2024) and the evolution of maritime safety towards proactive, 
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autonomous systems (Xue et al., 2025). This includes emerging opportunities to integrate 

artificial intelligence with mobile edge networks, thereby enhancing the efficiency and 

intelligence of resource-constrained wireless communications (Lai et al., 2023). Furthermore, 

synergistic effects are anticipated from the integration of AI with other technologies, where 

blockchain can enhance data security and stakeholder trust (Alonge, 2021) and quantum 

computing promises exponential improvements in solving complex logistics optimization 

problems. 

Figure 7 presents a comprehensive analysis of future research directions, illustrating the 

potential impact of various emerging technologies and research areas. Generative AI applications 

and AI-human collaboration show the highest potential impact scores, indicating priority areas 

for research investment and development. 

 

Figure 7 – Future Research Directions Impact Analysis 

Source: Author’s compilation 

 

This comprehensive analysis confirms the transformative potential of artificial 

intelligence in port logistics, offering port operators clear evidence of measurable benefits such as 

a 45.8% average reduction in carbon emissions and enhanced safety compliance, while 

simultaneously highlighting for policymakers the necessity of creating supportive frameworks to 

mitigate technical and financial barriers, and directing the research community toward 

interdisciplinary approaches focused on high-impact applications like generative AI in predictive 

maintenance and autonomous decision-making 

 
Conclusions 

This systematic review confirms that artificial intelligence, particularly its generative forms, constitutes a 

transformative technology for port logistics. The analysis of 23 studies reveals quantifiable benefits in operational 

efficiency, sustainability, and resilience. However, the realization of AI's full potential is contingent upon 

overcoming substantial implementation barriers related to technology, cost, and organizational factors. Future 

research should prioritize the exploration of generative AI, quantum computing, and human-AI collaborative 

systems. For industry practitioners, these findings provide a data-driven basis for strategic technology adoption, 

while for researchers, they highlight critical gaps and opportunities for future inquiry. The integration of AI 

represents a fundamental strategic evolution toward creating intelligent, resilient, and sustainable maritime 

ecosystems. 
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