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1. Introduction 

In October 1973, an international agreement to limit marine pollution was 

accepted.  

International Convention for the 
Prevention of Pollution from Ships 

(MARPOL)  

Attachement I - Prevention of pollution by oil & oily water. 
Attachement II - Control of pollution by noxious liquid substances in bulk. 
Attachement III - Prevention of pollution by harmful substances carried by sea in 

packaged form. 
Attachement IV - Pollution by sewage from ships. 
Attachement V – Pollution by garbage from ships. 
Attachement VI – Prevention of air pollution from ships. 
(exhaust fumes, vapors of cargo or substances that destroy the ozone layer) 

Rys.1. International Maritime Organisation 



1. Introduction 

Attachement VI to the MARPOL 
convention, limits the emission of the 
main air pollutants contained in the 
exhaust gases of ships:  

• sulfur oxides (SOx) 

• Nitrogen oxides (NOx)  

•  prohibits the emission of ozone-

depleting substances (ODS)  

• emission of volatile organic compounds from tanks 

Rys.2. Ograniczenia w emisji spalin przez statki [1] 

One of the methods of reducing SOx and NOx emissions to the atmosphere is the use of 
electric propulsion, which allows the use of several energy sources, e.g. hydrogen-
powered fuel cells. 



Electric drives 



2. Electric drives - advantages 

• Hybrid drives enables for integration many 

energy sources (e.g. fuel cells), which reduces 

the use of generators driven by internal 

combustion engines, and in selected situations 

even turns them off completely (e.g. when there is 

no power demand). 

• It can be used both for driving electric motors 

and auxiliary systems. 

• The electric drives uses the power of the internal 

combustion engine continuously, which increases 

its efficiency, reduces fuel consumption and the 

emission of harmful substances 

• Fig. 3 shows type of electric drive that reduces 

noise and mechanical vibrations due to the lack of 

mechanical connection of the internal combustion 

engine with the gear and the propeller. 
Fig. 3. An example of a ship's propulsion system. 

Serial hybrid system layout [2] 

 

Main AC 

power  

bus-bar 

 



Fig. 4. HNLMS Rotterdam with electric drive [2] 

 Electric propulsion is popular in the cruise ship 

industry. The engine failure of one diesel generator 

has almost no effect on the operation of the other 

propulsion components of the ship 

 Due to the lack of mechanical drive shafts, which is 

normally located near the ship's engine room, the 

electric drive allows to independent location of 

machinery spaces.  

 The lack of mechanical drive shafts allows to noise 

reduction from diesel engines by placing diesel 

generators on special vibration dampers. 

 Electric propulsion is also used in ferries, drill ships, 

icebreakers and warships. 

2. Electric drives - advantages 



Electric drive with hybrid additional power source is a 

combination of two or more types of power sources 

that can provide motors energy and for auxiliary load. 

Energy sources can be divided into: 

 

• Diesel engines, gas turbines or steam turbines (1), 

• Fuel cells, batteries, etc.(2). 

 

Advantages of the system with additional energy 

bank: 

• Allows to switch off one or more internal combustion 

engines. 

• Cooperation with the internal combustion engine 

allows to operate at optimal exhaust emissions. 

• Fuel savings, reduction of exhaust gases, noise and 

vibration reduction. 

 

3. Series hybrid powertrain with additional 

energy storage 

Fig. 5. Diagram of a series hybrid drive 

system with additional energy bank [2] 
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Fig. 5 shows the MV Hallaig (Great Britain) ferry with electric drive and hybrid power supply. 

 

35% fuel savings, were 24% were saved by batteries charging at night and additional 11% by 

the optimization of the cooperation of the combustion engine and the battery. 

Advantages of the additional energy storage 

(cont.): 

• Increased travel comfort. 

• Possibility of temporary work only with electric 

drive, in particular during a breakdown of the 

internal combustion engine. 

• Possibility of cooperation with renewable 

energy sources. 

 
Fig. 6. MV Hallaig ferry with hybrid drive 

3. Series hybrid powertrain with additional 

energy storage 



4. Series-parallel drive system 

Fig. 7. Diagram of a series-parallel hybrid drive 

system [2]  

 

The series-parallel hybrid powertrain is a combination 

of two types of energy sources. However, the integrating 

element of energy sources is the mechanical gear box. 

 

Advantages of the series-parallel drive system: 

• High efficiency of energy conversion, 

• Ability to work with the lowest exhaust emissions from 

an internal combustion engine, 

• Depending on the operational conditions, the system 

can be powered by the combustion engine only or by 

electric power only or both. 

 

Disadvantages of the series-parallel drive system: 

The drive shaft must be positioned at a certain position 

relative to the propeller. 
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5. Series-parallel drive system with an 

additional energy storage 

Fig. 8. Diagram of a series-parallel hybrid drive 

system with an additional energy storage [2] 

The series-parallel hybrid drive system with additional 

energy storage bank includes: 

 

• Internal combustion engine driving the gear, 

• Internal combustion engine driving the generator, 

• Energy storage (battery, fuel cell). 

 

System advantages: 

•  At low power, only electric drive is used and the main 

engine can be switched off. 

•  Ability to work with the lowest exhaust emissions, 

• Depending on the operating conditions, the system 

can be driven by: an internal combustion engine, 

generators working with maximum efficiency, and  

energy storage bank. 
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Historically, DC systems have been used in submarines. 

However, failure protection capabilities and system stability 

issues have limited their use. 

The development of power electronics ensures the 

maintenance of the stability of the system based on DC 

voltage. 

The use of a Direct Current (DC) power supply system as 

the main integrator of the power system has own individual 

advantages and disadvantages which are different from  

AC systems: 

• Power electronics systems are simpler in control and 

construction od main circuit. 

• Increasing the efficiency of energy conversion has 

influence to reduction of fuel consumption. 

• Very expanded electric current short circuit protection 

systems in comparison to the AC power system. 

Main DC 

power  

bus-bar 

6. Series hybrid drive system with DC bus 

Fig. 9. Diagram of a series hybrid drive system 

with a DC bus-bar [2] 



The DC power grid architecture allows for 

variable operation of the diesel engine, 

potentially leading to additional: 

 

• Reduce noise emissions. 

 

• Reduction of the mechanical and thermal 

load of the combustion engine. 

 

• DC architectures are fault tolerant because 

power electronic systems allow for instant 

control of electrical variables. 

7. Description of selected units with DC 

system 

Fig. 10. Illustrative diagram of the vessel using 

AC and DC power grids [3] 

All power sources and loads must be connected to the DC power grid via power converters. 

 

If a large number of loads are powered by AC with a constant frequency, this can lead to a 

significant increase in the cost of cooling systems. 



USS Zumwalt (DDG-1000) is a next-generation 

prototype destroyer built for the U.S. Navy. 

The power system is based on an all-electric 

architecture that supplies energy to the drive 

system and other devices. 

The main features of the ship: 

• Savings in fuel consumption 15-19%. 

• Use of 5 main electric motors instead of 7 and 

flexibility in their location. 

• The quiet drive meets the acoustic requirements. 

• The integrated power enables the supply of 

weapons systems to be developed in the future. 

7. Description of selected units with an 

electric power system 

Fig. 11. USS Zumwalt (DDG1000)  [4] 

Basic parameters of the drive system: 

• 2 gas turbines with a total capacity of 70.8 MW. 

• 2 combustion generators with a total capacity of 

7.6 MW. 

• 2 propellers driven by induction motors with a 

total power of 78 MW. 



DC electrical systems have recently been widely used in recent years on ferries and marine 

vessels [5]. 

 

• Alewijnse company supplied the Offshore Supply DC Power System to Jaguar in 2012, 

• Siemens company delivered its first hybrid-enabled DC system to the Edda Ferd supply vessel  

platform in 2013. 

• Siemens company delivered the Ampere ferry in 2015, powered only by batteries. 

• ABB company delivered its first hybrid DC network in 2013 to the Dina Star. 

 

7. Description of selected vessels with an 

electric power system  

Fig. 14. Ferry MV Ampere Fig. 13. ShipMV Edda Ferd Fig. 12. Ship MV Jaguar Fig. 15. Ferry MV Dina Star 



A hybrid power structure using silent electric 

drive, renewable energy sources and energy 

storage is increasingly found in luxury yacht 

designs. 

 

The purpose of implementing such supply 

networks is to increase the comfort of traveling 

without losing the yacht's mobility. 

 

The implementation of such challenges is 

possible through the use of a DC voltage 

network, which ensures easy integration of all 

components of the yacht's power supply system. 

 

7. Description of selected units with an 

electric power system 

Fig. 16. Luxurious leisure yacht with PV panels and  

DC power grid [6] 
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8. Types of power converters  
Application: 

 

(Input) - Connections with 

internal combustion 

generators. 

 

 

 

 

High power HVDC energy 

conversion. 

 

 

 

(Output) - Converting 

energy to supply AC loads. 

Fig. 17. Input and output waveforms in various types of power electronic converters 



8. Types of power converters 
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Fig. 18. Description of the types of converters used in the drive system [2] 



9. Popular topologies 

Fig. 20. Full-bridge three-phases DC/AC 

converter 

Fig 19. DC/DC converter (chopper) 

Fig. 18. Full-bridge three-phases AC/DC 

converter 

Fig. 21. Bidirectional DC/DC converter 

(with galvanic insulation) 



Fig. 22. Block diagram of Voltage Oriented 

Control (VOC) 

10. Control of converters 

Fig 23, Fig 24. Space vector pulse width modulation  (SVPWM) 



Fig 25. Waveforms input voltages (AC) and output voltage (DC) 

10. Control of converters 



The most frequently observed disturbances in 

the considered power systems are: 

• Changes in the voltage value and its frequency, 

• Voltage asymmetry, 

• Harmonic distortion of the signal time curve. 

• Inadequate distribution of active and reactive 

power between sets of generators  working in 

parallel. 

11. Disturbances in the operation of 

converter devices. 
Reasons of disturbances: 

• low quality of design and implementation of 

the system, 

• errors in operation - „human error” 

• failures of important system components. 

• switching processes and the resulting 

overvoltages. 

• influence of applied electric power devices. 



Electrical and electronic devices operating in the ship's environment are exposed to 

extreme external conditions, such as: 

• high and low air temperature, 

• salt fog (mist), 

• flooding with water,  

• high air humidity,  

• vibrations, shocks and rocking.  

 

In the case of a large sea wave, the rotational speed of the main engine changes.  

As a result, the quality of electricity generation by the generator coupled with the main 

engine is changing. This phenomenon is particularly visible in the case of direct connection 

of the shaft generator to the main AC bus-bars. 

12. Environmental disturbances 
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Thank you  

for your attention 


