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Abstract: With the escalation of global climate change and environmental pollution, the shipping industry urgently needs to 
undergo transformation. Electric ships, leveraging advantages such as zero emissions, low noise, and high energy efficiency, 
demonstrate significant potential and market prospects. This paper reviews the current research status of electric ships, discussing 
the latest advancements and challenges in battery technology and electric propulsion systems. While lithium-ion batteries remain 
mainstream, issues regarding range and charging speed persist, prompting exploration into new technologies such as solid-state 
batteries, fuel cells, and sodium-ion batteries. The Battery Management System (BMS) plays a crucial role in enhancing battery 
safety and reliability. Optimized design and intelligent control strategies have notably improved the efficiency and reliability of 
electric propulsion systems. The paper summarizes the technological advancements in electric ships, identifies current challenges, 
and outlines future development directions. 
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1. Introduction 
As a crucial pillar of the global economy, the shipping 

industry is responsible for about 90% of international trade 
transport[1], but it is also one of the main sources of energy 
consumption and emissions. Traditional ships primarily rely 
on fuel power, generating large amounts of pollutants such as 
carbon dioxide[2], sulfur oxides, and nitrogen oxides, which 
pose serious threats to the atmospheric environment and 
human health. Therefore, achieving green transformation and 
sustainable development in the shipping industry has become 
an urgent issue. In this context, electric ships, as an emerging 
green and low-carbon transportation mode, have gradually 
gained widespread attention from the international 
community. 

The research on electric ships began in the late 20th century. 
With the continuous development of battery technology and 
electric propulsion technology[3], the depth and breadth of 
research have gradually expanded. Currently, the research on 
electric ships mainly focuses on battery technology and 
electric propulsion systems. At the same time, electric 
propulsion systems provide power through battery packs or 
generators, driving motors to rotate propellers[4]. They have 
advantages such as good maneuverability, strong reliability, 
high space utilization, and excellent environmental 
performance. Researchers are dedicated to optimizing the 
design and control strategies of electric propulsion systems to 
improve their efficiency and reliability. 

 

 
Figure 1. Electric-powered ship 

2. Battery Technology 
Battery technology is one of the core technologies of 

electric-powered ships[5], playing a crucial role in their 
performance, efficiency, and economic viability. Currently, 
lithium-ion batteries have become the mainstream battery 
technology for electric-powered ships due to their advantages 
such as high energy density, long lifespan, and low cost. 
Lithium-ion batteries possess high charging and discharging 
efficiency, providing stable and reliable power output to meet 
the demands of electric-powered ships under different 
working conditions. However, lithium-ion batteries still face 
some pressing issues, including relatively slow charging 
speed, limited driving range, and safety concerns under 
extreme conditions. 

To address these challenges, researchers are actively 
exploring and developing new battery technologies to 
enhance the overall performance and competitiveness of 
electric-powered ships [6]. 

2.1. Solid-state Batteries 
Solid-state batteries are considered the representative of the 

next-generation battery technology, offering advantages such 
as high energy density, high safety, and long lifespan. Unlike 
traditional lithium-ion batteries, solid-state batteries employ 
solid electrolytes instead of liquid electrolytes, significantly 
reducing the risk of thermal runaway and enhancing battery 
safety. Additionally, solid-state batteries have a higher energy 
density, enabling them to store more electrical energy in the 
same volume, thus extending the driving range of electric-
powered ships. While solid-state batteries are still in the 
research and development phase with initial applications, 
their potential advantages make them an important 
development direction for future battery technology in 
electric-powered ships. 
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Figure 2. Solid-state batteries 

2.2. Fuel Cells 
Fuel cells are devices that directly convert chemical energy 

from a fuel (such as hydrogen) into electrical energy through 
an electrochemical reaction[7]. Fuel cells possess high energy 
conversion efficiency and zero emissions, making them 
highly suitable for electric-powered ships[8]. Hydrogen fuel 
cells only produce water during the power generation process, 
without emitting harmful gases, making them 
environmentally friendly. However, the main challenges 
facing fuel cell technology include the maturity and cost of 
hydrogen production, storage, and transportation 
technologies. Furthermore, the complexity and high cost of 
fuel cell systems limit their large-scale application in electric-
powered ships. Nevertheless, with continuous technological 
advancements and the promotion of large-scale production, 
the application prospects of fuel cells in electric-powered 
ships remain promising. 

 
" 

Figure 3. Hydrogen Fuel Cell 

2.3. Sodium-ion batteries 
Sodium-ion batteries, as an alternative technology to 

lithium-ion batteries, have gradually garnered attention due to 
their abundant raw materials, low cost, and environmental 
friendliness. Sodium-ion batteries operate similarly to 
lithium-ion batteries but use sodium ions as the primary 
charge carriers. Although sodium-ion batteries have a lower 
energy density compared to lithium-ion batteries, they 
possess certain advantages in terms of cycle life and safety, 
particularly suitable for applications sensitive to cost and 
resource dependence. 

 
Figure 4. Sodium-ion batteries A 

 

 
Figure 5. Sodium-ion batteries B 

2.4. Battery Management System (BMS) 
Battery Management Systems (BMS) are crucial for 

electric ships, monitoring battery status in real-time to ensure 
safety and reliability. They prevent faults like overcharging 
and overheating while optimizing energy use and extending 
battery life. Modern BMS integrates big data and AI for 
efficient battery management, enhancing ship operational 
efficiency. Ongoing battery tech innovation is key for electric 
ships, boosting performance and sustainability in the shipping 
industry. 

3. Electric Propulsion System 
The electric propulsion system is another key technology 

for electric ships[9]. Its role is to convert electrical energy into 
mechanical energy to drive the ship forward. This system 
typically supplies electricity through battery packs or 
generators, driving motors to rotate the propeller, thus 
achieving the propulsion of the ship. Compared with 
traditional internal combustion engine propulsion systems, 
the electric propulsion system has significant advantages in 
many aspects[10], making it increasingly popular in modern 
ship design and applications. 

 
Figure 6. Electric Propulsion System 
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3.1. Advantages of Electric Propulsion Systems 
1.Electric propulsion systems boast excellent 

maneuverability [11].  
Since electric motors can provide instantaneous and precise 

torque control, electric propulsion systems can achieve more 
sensitive maneuvering responses. This is particularly crucial 
for ships requiring frequent speed changes and steering 
operations, such as harbor tugboats and offshore vessels. The 
quick response capability of electric motors ensures good 
maneuvering performance in various complex navigation 
environments. 

2.Electric propulsion systems are highly reliable.  
Compared to internal combustion engines, electric motors 

have fewer moving parts, reducing wear and failure. They 
require less maintenance and have a longer lifespan. Electric 
propulsion systems use redundancy with multiple motors and 
battery packs, ensuring continued operation even if one 
component fails, thus enhancing overall ship reliability. 

3.High space utilization is another significant 
advantage of electric propulsion systems.  

Traditional internal combustion engine systems use 
complex mechanical transmission systems that occupy 
significant space. In contrast, electric propulsion systems 
optimize ship interior space by flexible arrangement of 
motors and battery packs. This increases cargo or passenger 
capacity and allows for more innovative ship designs. 

4.Electric propulsion systems excel in environmental 
performance [12].  

They do not emit pollutants during operation, significantly 
reducing the environmental impact of ships. When powered 
by renewable energy sources, they can achieve true zero 
emissions. This is crucial for inland river navigation, port 
operations, and sailing in environmentally sensitive areas, 
effectively reducing air and water pollution and protecting the 
ecological environment. 

3.2. Development Trends in Electric 
Propulsion Systems 

Currently, researchers are working to optimize the design 
and control strategies of electric propulsion systems to 
enhance their efficiency and reliability. 

1.High-efficiency motor design 
High-efficiency motor design is key to improving electric 

propulsion systems [13]. Researchers are developing smaller, 
lighter, and more efficient motors by optimizing materials and 
manufacturing processes. These motors provide higher power 
and efficient operation, reducing energy loss and enhancing 
ships' economic and environmental performance. 

 
Figure 7. Ship Electric Propulsion Unit 

2.Intelligent control strategies 
Intelligent control strategies optimize electric propulsion 

systems using advanced algorithms like fuzzy control, neural 
networks, and adaptive control. These strategies enable 
precise power distribution and real-time adjustment of motors 
and battery packs based on operating status and 
environmental conditions, enhancing dynamic response and 
energy efficiency. 

3.Integrated system design 
Integrated system design enhances the reliability and 

maintainability of electric propulsion systems [14]. By 
combining motors, inverters, BMS, and control systems into 
a single unit, researchers reduce complexity and failure rates. 
This approach simplifies installation and maintenance, cuts 
operating costs, and boosts overall system reliability. 

4.Advanced energy management system 
Advanced EMS optimizes energy efficiency in electric 

propulsion by managing battery packs, motors, and 
equipment in real-time [15]. Integration of big data and AI 
enhances performance. Electric propulsion systems boost 
efficiency, reliability, and environmental benefits, supporting 
sustainable shipping. 

4. Conclusion 
Electric propulsion in ships has great potential. Advances 

in motor design, intelligent control, integrated systems, and 
energy management boost efficiency, reliability, and 
environmental performance. New battery tech like lithium-
ion, solid-state, fuel cells, and sodium-ion extend ship range, 
enhancing competitiveness. As green transport, electric 
propulsion reduces shipping's environmental impact, aiding a 
green transition. Future advancements will enhance 
performance, reliability, and eco-friendliness, making electric 
propulsion mainstream for green, efficient sustainability. 
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