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Propulsion
control panel 

Connection to
400 VAC   shore grid

Battery set

SupercapsICE generator

Hybrid propulsion set

ICE engine

E-motor/generator

Grid
converter

CPP

Electric power

Control

Power supply to the DC grid

Power consumption or charging

Aux consumers

Hydrogen
fuel cell

Gearbox

kts

Speed setpoint

Propulsion mode

• Automatic
• ICE direct
• ICE electric
• Battery electric
• Off

Elec. Power mode

• ICE generator
• Zero emission
• Off

• ICE direct

Power suppliers

Power consumers

CH3OHDMEDiesel
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• Model-based System Engineering (MBSE) can support 
the selection of solution and its implementation into 
the design of the ship (just to ensure no single power 
system and functional system is forgotten)
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A step further in changes in ship design:
The most sustainable energy is the energy you don’t use…
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Ship speed

Yaw balance

Majority of side 
force close to bow

Additional rudder helm 
required to keep track

Drift angle
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δ0=-5.9°
Steady helm required to keep 
course in 7 bft, broad reach

δ0=0°
Neutral helm in calm 
water sailing  

• Course keeping and turning 
ability may either improve 
or worsen depending on 
many factors

• Possibly, additional 
measures are needed to 
ensure safe operations

• Currently WISP JIP 2 
investigates these aspects
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• Seakeeping in stern quartering wind and seas was tested
• More effort to keep course in high winds 

(30% thrust delivered by the rotors) 
• Roll damping improved

on the influence of alternative power sources, infrastructures and operations
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• Design changes:
• Change hull dimensions (more draught, …)
• Use V-shaped sections or box keels (in stern area)
• Avoid wide flat transom
• Enlarge skegs and bilge keels
• Use appendages (like keels or dagger boards)
• High-lift/multiple rudders

• Most of these modifications come with performance degradation when sailing
straight, in low wind.

• Find best compromise considering operational profile.

ship-technology.com / Yamanaka shipbuilding
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propeller thrust, 
without wind propulsion

propeller thrust, 
with wind propulsion

Reduction in thrust 
with even more 
wind propulsion

Propeller efficiency
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• On the influence of infrastructures
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How will be 
this map in 
2050?
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• On the influence of operations
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• Fast intervention ship
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• Multi-purpose vessel (similar to current MPV50)
• Buoy laying
• Ecological surveys
• Oil recovery
• Search and rescue tasks
• Etc.

• Multi-purpose vessel
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Environment of the PPE system
• The ship

• Dimensions
• Properties
• Resistance

• The sea
• Rules and regulations
• …

Scenario’s

Mission types

Event

Power/time charts

Scenario’sScenario’s

Mission types
Mission type

Event
Event

Event
Event

PPE System Requirements 
and Operational 
Capabilities

What are objectives and settings?

What does the user do with the ship?

What should the ship deliver?
Operational modes, power, duration

Power/time charts

Requirements 
for the ship
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Conventional diesel powered
Including re-routing – 15 knots

Wind powered (engine assistance)
Including re-routing – 11 knots

-75%

Scenario studies for alternative wind propulsion



Sustainable Ships Design & Shipping

Zero emission or carbon neutral waterborne activities are possible, if new ship 
designs integrate the following changes:

• Put sustainable performance first & start the design loop from an energy need 
and energy/power management perspective. This will drive the range of solutions

• Adapt displacement & payload to the constraints of the sustainable alternative 
energy carriers

• Reduce drastically energy use by adapting operations & mission profiles & 
logistics

• Use wind or solar as free and non-storable energy source onboard, in any case.
• In case the performance depends mainly on wind as primary source of energy, 

adapt the hull design and appendages accordingly, as well as the operational 
profile & logistics

• Work hand in had with infrastructure & energy sector, as sustainable shipping will 
only be possible with a joint and simultaneous effort.
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