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Abstract: Shipping by sea moves the bulk of the 

world’s goods easily over 80%. Yet, actually 

managing those fleets comes with more complications 

than many realize. Old systems are still being used, 

and they often fall short. Things like keeping track of 

ships, making sure, they don’t waste fuel, or 

preventing breakdowns can get complicated fast. 

Lately, AI has started to show up in the industry. It's 

not perfect, but it’s helping with things like planning 

smarter routes, checking fuel use, spotting problems 

early, and even making work onboard safer. The tools 

are there, but not many companies are using them yet. 

Some just can’t afford them, and others aren’t sure 

how to fit AI into what they already have. This paper 

looks at how AI is being used now in fleet 

management, what the benefits are, and what’s still 

holding things back. The idea is to see if AI really has 

a place in the future of shipping. 

Keywords: Maritime fleet management, Artificial 

Intelligence, predictive maintenance, route 
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I. INTRODUCTION 

Shipping by sea is still how we move most of the 

world’s goods  about 80% of trade happens this way  

(UNCTAD, 2023). But running a shipping fleet isn’t 

getting any easier. Operators now deal with tighter 

rules, environmental pressure, and rising costs. 

There’s a lot on the plate for shipping operators 

nowadays. They’ve got to make sure everything runs 

without major hiccups, avoid safety issues, and also 

try to keep things eco-friendly and somehow do all of 

this at once.Running a fleet involves all sorts of tasks. 

stuff like planning where the ships go, watching how  

much fuel is getting used, sorting out crew shifts, and 

making sure everything’s done by the book it’s a lot. 

Most of the time, people had to do all this manually or  

 

 

rely on old systems that didn’t really work together. 

That usually meant slow decisions, unexpected 

problems, or just a lot of catching up after things had 

already gone wrong. 

Now, AI is starting to show up in bits and pieces. It’s 

not some high-tech miracle, but more like behind-the-

scenes tools that make certain jobs easier. Instead of 

replacing people, it’s helping them stay ahead and 

avoid issues before they get too big.. Some systems 

now help figure out better shipping routes by looking 

at live weather or port updates. Others can catch 

warning signs from ship equipment before anything 

goes wrong. It’s less about replacing people and more 

about helping them make quicker, smarter calls when 

needed. 

 It can also watch for signs of engine trouble before 

something actually breaks. Some systems even help  

with crew safety, using cameras or sensors to send 

alerts (Rath & Sinha, 2021). And these tools aren’t just 

about saving time or money — they’re also helping 

companies stick to newer rules, like the IMO 2020 

limits or the Carbon Intensity targets. 

Still, even with this tech becoming more common, not 

everyone’s jumped on board. Some companies are 

holding back for different reasons. A lot of ships still  

run on older systems that don’t mix well with new 

software. There's also concern over data security, and 

not all crews are trained to use digital tools effectively 

(Acciaro et al., 2020). So even if the tech works, 

getting it onto ships and making sure it’s used right is 

still a big job. 

This paper looks into how AI is being used in 

managing fleets today. It explores what’s working, 

where things are still stuck, and what might help move 

the industry forward. The goal is to understand how AI 

could make shipping more efficient and more 
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sustainable without making operations harder for 

people on the ground. 

II. LITERATURE REVIEW 

2.1 Traditional Fleet Management Practices 

Long before the introduction of smart systems in 

shipping, managing a fleet was largely a manual 

process shaped by human judgment and experience. 

Ship captains and crew made navigational choices 

based on fixed shipping routes and their knowledge of 

past weather patterns. There wasn’t much room for 

flexibility — if the sea turned rough, they had to 

manage with limited information and little 

technological support. 

Ship maintenance, too, followed a rigid schedule. 

Whether or not equipment needed it, routine checkups 

and servicing were done at set intervals. This time-

based approach sometimes meant fixing things that 

weren’t broken, or worse, missing signs of failure 

because inspections didn’t align with actual wear and 

tear (Stopford, 2009). 

When it came to fuel, decisions were made using 

average historical consumption figures. Since there 

was no real-time tracking, fuel efficiency was hard to 

monitor or improve (Ziarati, 2007). Onboard crew 

management involved physical paperwork and manual 

scheduling, which made the whole process time-

consuming and occasionally error-prone. 

Communications between ship and shore were slow 

and limited. Satellite phones, radios, and sometimes 

email (when available) were the only options, which 

delayed decision-making — especially in 

emergencies. On top of that, meeting international 

maritime rules like those outlined in SOLAS and 

MARPOL required keeping handwritten logs and 

passing physical audits. It made the process of proving 

compliance both tedious and vulnerable to mistakes 

(IMO, 2020).Looking back, traditional fleet 

management worked — but it came with many 

inefficiencies, mostly because decisions couldn’t be 

made with the speed and accuracy that today’s tools 

allow. 

2.2 Recent Technological Advancements in Fleet 

Operations 

In the last several years, there’s been a big shift in how 

fleet operations are handled, mostly because of 

improvements in technology. Things like artificial 

intelligence, data analytics, and smart sensors have 

started to play a big role. Earlier, voyage planning was 

pretty static, but now ships can adjust routes in real 

time. They consider things like weather forecasts, 

traffic at sea, and even port delays to figure out the best 

path — which helps save time and fuel. Rath and Sinha 

(2021) discuss this in the context of AI-based route 

optimization. 

Maintenance has changed a lot too. Ships are now 

equipped with sensors that track how the equipment is 

performing. So instead of following a fixed schedule, 

the system tells you when something’s about to go 

wrong — which means maintenance can happen only 

when it’s actually needed. This not only avoids 

breakdowns but also saves costs. Pallotta and 

colleagues (2013) covered this kind of predictive 

maintenance using machine learning and IoT. 

Fuel efficiency is another area that’s improved. With 

smart systems onboard, things like engine speed or 

power can be adjusted based on the situation — which 

reduces fuel waste. Managing the crew has also 

become easier. Instead of handling everything 

manually, now there are digital tools that take care of 

scheduling, logging hours, and even identity checks 

using biometrics. Online training is also becoming 

more common. 

As for communication, that’s become way more 

efficient than it used to be. Ships and control centers  

on land can now share data continuously using cloud 

platforms, which helps in making quicker and more 

informed decisions. Finally, reporting for regulations 

like SOLAS and MARPOL — which used to involve 

a lot of paperwork — is mostly automated now. It’s 

faster and more accurate, and it reduces the chance of 

human error (Acciaro et al., 2020; Rath & Sinha, 

2021). 

2.3 Gaps and Limitations in Current Studies 

AI, sensors, and all that tech have helped a lot in the 

shipping world — no question. But to be honest, 

there’s still quite a bit that feels a little... unfinished, or 

maybe just not fully figured out yet. One issue is that 

most of the research doesn’t really look at the whole 

system. You’ll see papers about fuel use, or maybe 

planning better routes, but not much on how 

everything’s supposed to fit together. That kind of 

split-up approach makes it harder to actually use these 

systems together in practice. Another thing is, not 

every ship has good sensors or data systems. And even 
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when they do, the data might not be very reliable — 

like missing values, stuff not syncing, or things just not 

being recorded right. Also, many companies are 

hesitant to share their data. It’s probably because of 

business reasons or privacy, which is fair, but it still 

makes it hard to train models that work across the 

board. And a big issue is whether these AI models can 

scale. Like, they might work fine on a certain type of 

ship, but we don’t know how well they’d do on others. 

Different ships, routes, weather — it all varies a lot. 

So the models might not generalize that well. 

There’s also cybersecurity. As ships go digital, they’re 

more open to being hacked or messed with. But not 

many papers really talk about that side of things, which 

is kind of risky. 

Oh — and then there’s the people side. Not every crew 

member is super comfortable with tech. Some might 

not trust it or might not know how to use it properly if 

they haven’t been trained. That’s a real barrier. It’s one 

thing to install tech; it’s another to get people to 

actually use it. 

And finally, laws and regulations keep changing. 

Different countries have different rules, and global  

standards for digital systems on ships aren’t all settled 

yet. Some studies don’t really factor that in, which 

makes it harder for companies to know what to follow. 

III. COMPONENTS OF MARITIME FLEET 

MANAGEMENT 

3.1. Fleet Planning and Scheduling 

Route Optimization 

Route optimization in maritime fleet management 

focuses on minimizing costs, reducing fuel 

consumption, and ensuring timely deliveries by 

selecting the most efficient path from origin to 

destination. Traditional routing used fixed sea lanes 

and manual planning, while modern methods apply 

AI, machine learning, and heuristic algorithms—like 

genetic algorithms and ant colony optimization—to 

adapt routes in real-time. Incorporating live weather 

and ocean data helps avoid delays and hazardous 

conditions (Wang et al., 2021). These advancements 

enhance safety, efficiency, and support environmental 

goals set by the IMO (IMO, 2020; Mourtzis et al., 

2019). 

Voyage Planning 

Voyage planning involves the strategic scheduling of 

a vessel’s journey, including route selection, speed, 

and port calls, to ensure efficiency and regulatory 

compliance. Traditionally manual, it has evolved with 

tools like GIS, ECDIS, and AI-based decision systems 

that use real-time weather, tide, and traffic data 

(Psaraftis & Kontovas, 2013). AI further enhances 

efficiency by optimizing speed and port arrival times, 

reducing delays and fuel use (Acciaro et al., 2014). 

Integrated systems also help meet environmental 

regulations like ECAs and adapt to operational 

uncertainties (Rath & Sinha, 2021). 

3.2. Maintenance Management 

Predictive vs Preventive Maintenance 

Preventive maintenance in maritime fleets is done on 

a fixed schedule, often leading to unnecessary 

servicing and downtime. Predictive maintenance, 

however, uses real-time data, sensors, and machine 

learning to forecast equipment failures and schedule 

maintenance only when needed. This approach lowers 

costs, reduces unexpected breakdowns, and improves  

efficiency (Tsai et al., 2020). It also helps optimize 

spare parts inventory and minimizes human 

intervention. As digitalization grows, predictive 

strategies are becoming standard in modern fleet 

operations. 

Condition-Based Monitoring 

Condition-Based Monitoring (CBM) supports 

predictive maintenance by tracking machinery health 

through sensors that monitor vibration, temperature, 

and other factors. Maintenance is triggered only when 

abnormalities are detected, making operations more 

efficient. CBM systems are increasingly integrated 

with fleet management tools for real-time diagnostics 

and better decision-making (Cheng et al., 2019). This 

enhances operational safety and helps avoid costly 

mid-voyage equipment failures. CBM also plays a key 

role in achieving higher vessel uptime and compliance 

with safety standards. 

3.3. Crew Management 

Training and Certification 

Training and certification are fundamental to 

maintaining a skilled and competent maritime 

workforce. Seafarers must comply with international 

standards such as the Standards of Training, 

Certification, and Watchkeeping for Seafarers 

(STCW) Convention, which outlines minimum 

training, certification, and watchkeeping requirements 

(IMO, 2017). As vessels become more technologically 
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advanced, ongoing training in digital navigation 

systems, engine automation, and cybersecurity is 

essential to ensure safety and regulatory compliance 

(Lu et al., 2020). Continuous professional 

development also improves operational efficiency and 

reduces risks during complex maritime operations. 

Work-Rest Regulation and Safety 

Work-rest regulations are vital for minimizing crew 

fatigue and enhancing maritime safety. The Maritime 

Labour Convention (MLC, 2006) sets out mandatory 

minimum rest hours and acceptable working 

conditions for seafarers to ensure physical and mental 

well-being (ILO, 2006). Studies have shown that 

fatigue is a major contributor to maritime accidents, 

making compliance with rest regulations crucial for 

operational safety (Smith et al., 2006). Technological  

tools for crew scheduling and fatigue monitoring are 

increasingly used to enforce compliance and reduce 

human error during critical operations. 

3.4. Regulatory Compliance 

IMO Regulations 

The International Maritime Organization (IMO) plays 

a central role in establishing global standards for the 

safety, security, and environmental performance of 

international shipping. Key regulations include the 

International Convention for the Safety of Life at Sea 

(SOLAS), MARPOL for pollution prevention, and 

STCW for seafarer certification. These frameworks 

ensure uniform safety and operational practices across 

the industry (IMO, 2020). Compliance with IMO 

regulations is essential for fleet operators to legally 

navigate international waters and maintain safety and 

environmental standards. 

Emission Control and Sustainability Mandates 

Environmental sustainability has become a priority in 

maritime operations, driven by strict emission control 

policies. The IMO’s 2020 sulphur cap limits the 

sulphur content in marine fuels to 0.5%, significantly 

reducing harmful emissions (IMO, 2019). In addition, 

the IMO’s Initial Strategy on GHG Reduction aims to 

cut greenhouse gas emissions from ships by at least 

50% by 2050 compared to 2008 levels. Fleet managers 

are adopting cleaner fuels, energy-efficient 

technologies, and slow steaming strategies to meet 

these mandates and reduce their carbon footprint 

(Bouman et al., 2017). 

IV. TECHNOLOGICAL TRENDS IN FLEET 

MANAGEMENT 

4.1. Use of IoT and Real-Time Monitoring 

The integration of the Internet of Things (IoT) in 

maritime fleet management has revolutionized real-

time monitoring and operational efficiency. IoT 

devices, such as sensors and GPS trackers installed on 

vessels, enable continuous collection and transmission 

of data related to engine performance, fuel 

consumption, weather conditions, and cargo status. 

This real-time data allows fleet managers to make 

informed decisions, optimize routes, predict 

maintenance needs, and enhance safety (Klemas, 

2018). Moreover, IoT-enabled monitoring supports  

compliance with regulatory standards by providing 

transparent and accurate records of vessel operations 

(Zhao et al., 2020). As IoT technologies evolve, their 

role in creating connected and intelligent maritime 

fleets continues to expand, offering significant cost 

savings and environmental benefits. 

4.2. Artificial Intelligence and Big Data 

Predictive Analytics 

Predictive analytics in maritime fleet management 

uses historical and real-time data combined with 

machine learning algorithms to forecast future events 

such as equipment failures, maintenance needs, and 

fuel consumption patterns. By anticipating issues 

before they occur, operators can schedule maintenance 

proactively, reducing downtime and repair costs 

(Zhang et al., 2019). Predictive models also enhance 

route planning by forecasting weather and sea 

conditions, improving safety and efficiency (Li & 

Wang, 2021). This data-driven approach leads to 

smarter decision-making and optimized fleet 

performance. 

Autonomous Vessels 

Autonomous vessels represent a cutting-edge 

advancement in maritime technology, aiming to 

reduce human intervention through automated 

navigation and operations. These vessels use AI, 

sensors, and advanced control systems to perform 

tasks such as route following, collision avoidance, and 

speed regulation with minimal crew or fully unmanned 

operations (Pettersen et al., 2020). Although still in 

early development stages, autonomous ships promise 

increased safety, lower operational costs, and 

enhanced environmental performance. 
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4.3. Digital Platforms and Fleet Management 

Systems (FMS) 

Examples: DNV and ABS Nautical Systems 

Leading maritime organizations such as DNV and 

ABS Nautical Systems provide advanced fleet 

management solutions that incorporate AI, IoT, and 

data analytics. DNV offers digital services including 

predictive maintenance, risk management, and 

performance optimization to enhance safety and 

operational efficiency (DNV, 2023). ABS Nautical 

Systems provides integrated software platforms for  

voyage planning, compliance tracking, and asset 

management, enabling shipowners to streamline 

operations and ensure regulatory adherence (ABS 

Nautical Systems, 2022). These industry solutions 

demonstrate the practical application of digital 

technologies in transforming fleet management. 

Integration and Interoperability 

Effective fleet management requires seamless 

integration and interoperability among various digital 

systems and devices onboard and ashore. Integration 

ensures that data from IoT sensors, navigation tools, 

maintenance logs, and enterprise resource planning 

(ERP) software are consolidated for comprehensive 

analysis (Borg et al., 2019). Interoperability standards, 

such as those promoted by the IMO and industry 

consortia, facilitate data exchange between 

heterogeneous platforms, enabling real-time decision-

making and coordinated fleet operations (IMO, 2020). 

Achieving robust integration supports improved 

efficiency, reduces errors, and enhances 

responsiveness to dynamic maritime conditions. 

V. CHALLENGES AND RISKS 

Data Integration and Cybersecurity: Integrating 

diverse data sources from IoT devices, navigation 

systems, and enterprise software remains a major 

challenge due to incompatible formats and legacy 

infrastructure. Additionally, increasing digitalization 

exposes fleets to cyber threats, requiring robust 

cybersecurity measures to protect sensitive operational 

data and ensure system integrity (Kessler & Levin, 

2020). 

Capital Investment and ROI: Implementing advanced 

AI and IoT technologies demands significant upfront 

capital investment, which can be a barrier for many 

shipping companies, especially smaller operators. 

Demonstrating clear return on investment (ROI) is 

crucial but often difficult due to long payback periods 

and uncertain cost savings (Merk & Dang, 2019). 

Human Resource Limitations: The maritime industry 

faces shortages of skilled personnel capable of 

managing and maintaining sophisticated digital 

systems. Training and retaining talent with expertise 

in AI, data analytics, and cybersecurity is essential to 

fully realize the benefits of technology adoption 

(Psaraftis & Kontovas, 2013). 

Environmental and Legal Complexities: Compliance 

with evolving environmental regulations, such as 

emission control areas (ECAs) and ballast water 

management, adds complexity to fleet operations. 

Legal frameworks vary by region, making it 

challenging to standardize practices and ensure global 

compliance while optimizing operational efficiency 

(IMO, 2020). 

VI. CONCLUSION AND FUTURE DIRECTIONS 

Adopting digital and predictive strategies in maritime 

fleet management is essential for enhancing 

operational efficiency, reducing costs, and minimizing 

environmental impact. Technologies such as AI, IoT, 

and predictive analytics enable proactive decision-

making, improved maintenance, and optimized 

routing, which collectively boost fleet performance 

and safety. As the maritime industry faces increasing 

regulatory pressures and market uncertainties, 

embracing these innovations is critical for maintaining 

competitiveness and sustainability. Looking ahead, 

future trends point toward greater automation, 

including the development of fully autonomous 

vessels that can operate with minimal human 

intervention, enhancing safety and efficiency. The 

push for carbon-neutral shipping will accelerate 

investment in green technologies and alternative fuels 

to meet stringent environmental targets. Additionally, 

the emergence of smart ports equipped with advanced 

digital infrastructure will further streamline logistics, 

enabling seamless integration across the maritime 

supply chain. Together, these advancements promise a 

more resilient, efficient, and sustainable maritime 

industry. 

REFERENCES 

[1].ABS Nautical Systems. (2022). Fleet management 

solutions overview.  

[2].Acciaro, M., et al. (2014). Environmental sustainability 

in maritime logistics.  

292



Proceedings of AMET Global Maritime Summit 2025: Sailing Towards Sustainability ,  Navigating the Future of 

Maritime Industry 2nd July 2025, Chennai, India 

 

AMET University 
Chennai | India                                                                                              ISBN   : 978-93-6290-481-2 

 
 

[3].Acciaro, M., et al. (2020). Digital transformation in 

shipping: Barriers and enablers.  

Borg, J., et al. (2019). Integrated systems for maritime 

operations.  

[4.Bouman, E. A., et al. (2017). Well-to-wake greenhouse 

gas emissions of alternative marine fuels. Journal of Cleaner 

Production, 172, 555–569. 

[5].Cheng, J., et al. (2019). Condition-based maintenance for 

marine machinery. Ocean Engineering, 190, 106437. 

[6].DNV. (2023). Digital services for fleet performance and 

compliance.  

[7].ILO. (2006). Maritime Labour Convention (MLC), 2006. 

International Labour Organization. 

[8].IMO. (2017). International Convention on Standards of 

Training, Certification and Watchkeeping for Seafarers 

(STCW). 

[9].IMO. (2019). Sulphur 2020 – IMO sets limits on marine 

fuel. International Maritime Organization. 

[10].IMO. (2020). Regulatory framework and compliance 

standards. International Maritime Organization. 

[11].Kessler, G., & Levin, D. (2020). Cybersecurity in the 

maritime domain: A rising concern. Maritime Policy & 

Management, 47(6), 791–804. 

[12].Klemas, V. (2018). Applications of satellite 

technologies in maritime monitoring. Remote Sensing, 

10(1), 34. 

[13].Li, Y., & Wang, T. (2021). Machine learning for 

maritime navigation and safety. Journal of Navigation, 

74(5), 1103–1121. 

[14].Lu, L., et al. (2020). Training seafarers for digital 

navigation systems. Maritime Education and Training 

Journal, 10(3), 210–218. 

[15].Merk, O., & Dang, T. (2019). Investing in maritime 

technologies: Costs and returns. OECD Publishing. 

[16].Pallotta, G., et al. (2013). Vessel pattern knowledge 

discovery from AIS data: A framework for anomaly 

detection and route prediction. Entropy, 15(6), 2218–2245. 

[17].Pettersen, A., et al. (2020). Autonomous maritime 

navigation systems: Current status and future directions. 

Ocean Engineering, 211, 107537. 

[18].Psaraftis, H. N., & Kontovas, C. A. (2013). Speed 

optimization under environmental constraints: A maritime 

perspective. Transportation Research Part D: Transport and 

Environment, 23, 105–111. 

[19].Rath, R., & Sinha, R. (2021). AI-based optimization in 

maritime logistics. Journal of Marine Science and 

Engineering, 9(4), 392. 

[20].Smith, A., et al. (2006). Fatigue in shipping: A review 

of the scientific literature. Maritime Policy & Management, 

33(4), 323–343. 

[21].Stopford, M. (2009). Maritime economics (3rd ed.). 

Routledge. 

[22]Tsai, C. Y., et al. (2020). Predictive maintenance using 

machine learning in ship operations. Journal of Marine 

Engineering & Technology, 19(2), 90–99. 

[23]UNCTAD. (2023). Review of Maritime Transport 2023. 

United Nations Conference on Trade and Development. 

[24]Wang, J., et al. (2021). AI-driven route optimization in 

maritime transport. Applied Ocean Research, 110, 102583. 

293


