
D I G E S T

Advances in power and propulsion systems and energy management improvements have to
potential to significantly reduce carbon dioxide (CO2) and nitrogen oxides (NOx) emissions
from shipping.

Due to the increasingly diverse operating profile of ships (e.g. off-shore vessels perform
transit and critical dynamic positioning operations while naval ships conduct patrol
operations in the open sea), the power and propulsion plant has to meet key performance
criteria (i.e. fuel consumption, emissions, radiated noise, propulsion availability,
manoeuvrability, comfort, maintenance and purchase costs).

Since the 1990s, the power and propulsion configuration has been adapted to a varied
operating profile with electric propulsion for various ship types such as cruise and capital
ships (e.g. aircraft carrier). Although electric propulsion is more efficient at low speed, it
introduces additional conversion losses of 5-15 percent of the propulsive power in electrical
components such as generators, power converters, transformers and electric motors.

The trade-off between efficiency and adaptability to diverse operating profiles has led to a
growing variety of power and propulsion architectures, which can be categorized as:
mechanical/electrical propulsion or a hybrid combination; power generation with
combustion engines, fuel cells, energy storage or a hybrid combination; and AC or DC
electrical distribution.

The study reviewed developments in current and future power and propulsion system
architectures and their associated control strategies for smart ships.
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The development of the clean ship

An assessment of developments in ship propulsion and power supply systems shows 
that hybrid architectures and advanced control strategies can reduce fuel consumption 
and emissions by as much as 10-35% while reducing noise and maintaining 
manoeuvrability and comfort. 
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The development of the smart ship
The variety and complexity of 
propulsion architectures means 
that there is an increasing 
amount of design choices to the 
ship control and systems 
designer. It is therefore essential 
to know the operational profile of 
the vessel.

Hybrid propulsion: economically 
beneficial if the ship sails below 
40 per cent of its top speed a 
significant amount of time.

Hybrid power supply: is 
beneficial when the total 
electrification load has a great 
spread over time and can 
improve availability and reduce 
noise. 

DC Power systems: have the 
potential to bring down 
conversion losses and can run the 
generator at a variable speed, 
reducing fuel consumption and 
associated emissions by up to 20 
per cent. 

The control strategy will determine whether the full potential of the selected architecture
can be applied in practice. Many intelligent control strategies have been investigated and
applied in other applications such as the automotive industry and land-based micro-grids.

It is only recently that advanced control strategies have been applied in the maritime sector
which have achieved 15-35 per cent reduction in fuel consumptions and emissions. This
reduction has been partly achieved by recharging batteries from the grid. Improvements in
propulsion availability, radiated noise and maintenance costs are also important for hybrid
power and propulsions systems.

The study concludes by calling for further research to establish the feasibility of an
integrated approach that examines the control of the:
• mechanical drive train for mechanical and hybrid propulsion architectures;
• electrical machine in hybrid propulsion architectures; and
• hybrid power supplies for hybrid and electrical architectures.

Research in these main areas will assist the design and development of smart ships that can
perform multiple functions effectively, efficiently and with minimal environmental impact.

Benefits and drawbacks of propulsion and power supply 
technologies


