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[Abstract] With the global shipping industry's urgent need for energy conservation, emission reduction, and green
low—carbon development, ship energy efficiency optimization has become a core issue of industry concern.
Regulations such as the Energy Efficiency Design Index (EEDI), the Ship Energy Efficiency Management Plan
(SEEMP), and the Carbon Intensity Indicator (CII) introduced by the International Maritime Organization (IMO)
have imposed higher energy efficiency requirements on ship operations. Traditional energy efficiency optimization
methods based on experience or physical models face challenges such as insufficient adaptability and limited
accuracy when dealing with the complex, dynamic, and high—dimensional ship operating environment. In recent
years, machine learning technology has demonstrated great potential in the field of ship energy efficiency
optimization due to its powerful capabilities in data—driven modeling, nonlinear fitting, and adaptive learning. This
paper systematically reviews the influencing factors and evaluation systems of ship energy efficiency, and deeply
explores the key technologies and application paths of machine learning in ship energy efficiency modeling, speed
optimization, route planning, main engine load distribution, and comprehensive energy efficiency management
systems. By constructing an energy efficiency prediction model based on ensemble learning and deep learning, and
combining reinforcement learning to achieve dynamic speed decision—making, this paper proposes a practical
application—oriented energy efficiency optimization framework for intelligent ships. Finally, through case analysis,
the effectiveness and feasibility of the proposed method are verified, and future research directions are prospected.
The research shows that machine learning technology can significantly improve the management level of ship
energy efficiency and provide strong support for achieving green and intelligent shipping.
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Carbon Intensity Indicator (CII)
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