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Key Al and Data-Driven Strategies
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Route Optimization & Fuel Efficiency

Data-driven route planning and
fuel consumption optimization

Al-Driven Predictive Maintenance

Advanced analytics for equipment monitoring
and failure prediction

Enhanced Situational Awareness

Real-time monitoring of vessel surroundings
and traffic for improved navigation safety

Real-time vessel monitoring
and simulation capabilities

Autonomous Vessel Technologies

Development of autonomous and
semi-autonomous shipping solutions

Data-driven Environmental Compliance

Automated monitoring and
reporting of environmental metrics



Intelligent Route Optimization and Fuel Efficienc

Al analyzes weather patterns and traffic to optimize routes. This minimizes fuel consumption
and reduces emissions. Improved efficiency leads to significant cost savings.
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Real-time Monitoring Weather Analysis Traffic Assessment

Continuous tracking of vessel Advanced weather pattern prediction. Live maritime traffic monitoring.
position and conditions.
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Dynamic Routing Fuel Management Wave Analysis

Continuous route adjustments. Optimized fuel consumption tracking. Ocean current optimization.
Speed Optimization Port Planning Emissions Control

Ideal speed calculations. Efficient harbor approach timing. Environmental impact monitoring.
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Proximity Awareness Hazard Detection Cost Efficiency

Detection of nearby vessels Early identification of navigation risks. ROl and savings tracking.
and objects.




Enhanced Situational Awareness

Employs computer vision and deep learning for target detection, presenting a
panoramic view of detected ships and navigation information.

Situational Awareness for Safety

Enhances safety by reducing
human error.

Supports safe decision-making to
avoid collisions and groundings.

Offers 360-degree surveillance for
detecting hazards.

360-Degree View

360-degree view AR image using
multiple fish-eye cameras, offering
intuitive surround-view monitoring.

To further aid in situational awareness,
the system provides an equidistance
line easily perceive the distance
between the ship and surrounding
objects.

Comprehensive Information Display

Includes Night Vision using Thermal or
IR cameras for target detection in low
visibility.

Integrates individual indicators into a
Digital Overhead Indicator.

AIS/ARPA data is visualized on a map,
showing locations and collision risks.

Tools for Analysis and Recording

Video Recording is used for accident
prevention and incident data
recording.

The Fleet Dashboard provides tools
like the Safety Evaluator, which
analyzes vessel operation data.




Autonomous Vessel Technologies

Advanced data integration and Al technologies are revolutionizing maritime fleet operations through

comprehensive digital solutions that enhance situational awareness and operational safety.
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Smart Navigation

Al-powered route optimization
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GPS Integration

Precise positioning

M
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Cargo Management

Automated handling

Situational Awareness

360° environment monitoring
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Enhanced Security

24/7 threat monitoring
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Data Analytics

Real-time insights
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Fleet Connectivity

Synchronized operations
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Cloud Integration

Remote monitoring
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Automated Control

Self-managing systems
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Weather Adaptation

Dynamic routing
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Power Optimization

Efficient energy use

Collision Avoidance

Autonomous obstacle detection



IMO Degrees of Ship Autonomy (MASS)

As of 2025, the maritime industry operates across four distinct levels of autonomy, as defined by the International Maritime Organization (IMO). These levels reflect the

growing integration of autonomous technologies and situational awareness capabilities in shipping.

Degree One: Decision Support Degree Three: Remotely Controlled
Seafarers maintain primary control of the ship, with The vessel operates without onboard crew, controlled entirely
automated processes and systems providing decision from shore-based facilities. All systems are monitored and
support. Situational awareness relies primarily on human managed remotely. Advanced multi-sensor fusion creates
observation enhanced by basic sensor data and navigational comprehensive situational awareness with 360° visualization
displays. and automated obstacle detection.

1 2 3 4

Degree Two: Partial Automation Degree Four: Fully Autonomous
While crew remains present onboard, certain operations are The Al system makes all decisions independently, handling all
automated. Systems can take control of specific functions aspects of navigation and operation without human
under human supervision. Enhanced sensor arrays provide intervention. Complete situational awareness is achieved
improved situational awareness through integrated radar, AlS, through Al-powered sensor integration, predictive analytics,
and environmental monitoring. and real-time environmental modeling.

While most commercial vessels in 2025 operate at Degrees One and Two, significant advances in remote operations, Al, and situational awareness technologies have

enabled successful trials at Degrees Three and Four, particularly in short-sea shipping and specialized operations.



Al-Powered Fleet Maintenance Intelligence

Advanced Al algorithms analyze real-time sensor data and surrounding environmental
conditions to predict equipment failures and optimize maintenance operations.
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Fleet-wide Monitoring

Continuous sensor data analysis

Smart Scheduling

Al-optimized maintenance timing
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Lifecycle Management

Extend equipment lifespan
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Data Integration

Unified fleet monitoring
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Early Warning

Detect potential issues early
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Performance Analytics

Track system efficiency
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Cost Reduction

Minimize maintenance expenses
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Predictive Models

Advanced failure prediction

Dashboard

Centralized monitoring interface
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Equipment Health

Monitor component status
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Resource Optimization

Efficient resource allocation
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Maintenance Planning

Strategic repair scheduling



Digital Twins and loT Applications

Digital twins create virtual replicas of vessels for advanced simulation and monitoring, while 0T sensors provide

continuous real-time data streams for improved operational intelligence.
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Real-Time Monitoring Digital Twin Simulation Decision Support loT Integration

Live sensor data streams Virtual vessel modeling - Data-driven insights - Sensor networks

Performance metrics - Predictive maintenance - Risk assessment Data aggregation

tracking . Scenario testing . Optimization tools . Real-time alerts

Environmental
conditions

This integrated approach combines digital twin technology with |loT capabilities to create a comprehensive vessel

mManagement system that enhances operational efficiency, safety, and situational awareness.



Digital Twin Success Story: Port of Rotterdam

The Port of Rotterdam's digital transformation demonstrates the practical benefits of digital twin

technology in maritime operations.

Data-Driven Optimization

Real-time data from sensors is being used to
optimize ship movements, leading to reduced
waiting times. This translates to increased

efficiency and cost savings..

Progress Towards Automation

While fully autonomous shipping is a future
goal, steps are being taken in that direction.
The digital twin is a crucial componentin
enabling this transition.

The Unmanned container terminal on the
Maasvlakte is a good example of automation
that has already been implimented.

Enhanced Monitoring

The digital twin provides a much more
comprehensive view of port operations,
enabling better monitoring of weather
conditions, water levels, and other critical

factors. This contributes to improved safety.

Increased Data Sharing

The digital twin project has created a better
infrastructure for data sharing between port
operators and other stakeholders. This leads to
better collaboration and more efficient
logistics.

While the complete digital twin vision continues to evolve, the Port of Rotterdam has already achieved
significant operational efficiencies through data-driven decision making




HELLAS MARIANA

Cargo capasity Previous discharge port Ship typs Voyage

49 850 Dwt Rotterdam Chemical / Ballast leg: 0 days

52 019 Cbm product Load & discharge: 4 days
Idle: 0 days

Data-Driven Environmental Compliance

Estimated vovage emissior

je &
275 tonnes of CO2

EU ETS eliaible emissions Environmental compliance in shipping requires a systematic approach from monitoring through
275 tonnes of CO2
° reporting. Each step builds on the previous one to ensure complete regulatory adherence.

Emissions from port stays, idle, laden
100K EU ETS it Monitoring & Data Collection 1
Real-time sensor data for emissions and fuel
JOSE PROGRESS consumption tracking forms the foundation . .. .
Cargo capasity previous discharge por Shiotyoe womge . | of environmental compliance. This 2 AnaIySIS & Optlmlzatlon
57 423 Cbm product iL(::lzfusdigérwrzye: gggg: continuous data stream ensures accurate Cll rating improvement and efficiency
o ey baseline measurements. analysis help identify areas for operational
enhancement and emission reduction
77 tonnes ot coz o opportunities.
Compliance Management 3
377 tonnes of COZ Automated data processing and EUA cost
tracking streamline the management of
Otonnes of €02 Sl i i regulatory requirements and associated 4 Regulatory Reporting
fR U E T PE ELEID S expenses.
EU MRV and ETS compliance reporting
complete the cycle, ensuring all collected
e and analyzed data meets regulatory
Cargo capasity revious discharge port Voyage submission requirements.

51371 Dwt a ast leg: 9 days

51 869 Cbm Load & discharge: 4 days
Idle: 12 hours
Laden leg: 3 days

This structured approach enables shipping companies to effectively manage their environmental

Estimated voyage emissio compliance obligations while identifying opportunities for operational efficiency improvements and cost
19tonnes of CO

reduction.

EU ETS eligible emissions
1019 tonnes of CO2




Conclusion - Key takeaways

« Al-powered fleet management: Sophisticated algorithms are revolutionizing voyage

planning, emission monitoring, and predictive maintenance across integrated fleets.
Pioneering companies report 5-10% fuel consumption reductions and dramatic
decreases in maintenance-related downtime.

« Enhanced situational awareness: Cutting-edge Al systems have demonstrably

reduced collision risks by up to 40% while accelerating emergency response times by
35%.

- Data-driven insights: Transforming vessel routing, maintenance scheduling, and
port logistics through advanced analytics. Industry leaders have achieved up to 15%
reduction in operational costs while boosting asset utilization by 20% through

strategic implementation.

- Ecosystem collaboration: Strategic partnerships between shipping operators,
technology innovators, and port authorities are creating interconnected, efficient fleet

management ecosystems. The Port of Rotterdam's digital twin implementation
exemplifies how collaborative innovation drives maritime excellence.

The maritime industry stands at a crucial turning point. Digital transformation
and Al adoption is no longer optional - it's a competitive necessity. By
embracing these technologies and fostering collaboration, we can create a more
efficient, sustainable, and profitable maritime sector.
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