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Onboard DC Grid
Outline

Concept Introduction
Concept Description
Exploring the Benefits
= Efficiency
= Operation
Safety and Protection
Concluding remarks
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History of Electric Propulsion
Fuel saving and environmental friendly

= Electric Propulsion
= Using electricity to transport energy from the prime movers to
the propellers
= Fuel saving and reduction of environmental emissions,
significant reduction depending on operation and prime movers.
= History
= Long history; back to 19th century, pure DC
= Modern history starts in 70’s using AC distribution and DC
drives.

= Second generation in the 80’s introducing AC drives; a big step
towards cost efficiency and reliability.

= Third generation and market acceptance in the 90’s; introducing
the podded electric propulsors, ABB Azipod®.

= After 2000: Stepwise evolution
= 2011: The launch of the Onboard DC Grid system
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Today’s challenges
Fuel costs, emission control

Dollars per barrel
(2009)

|

Historical

|

Current policy scenario

|
New policy scenario

Source: IEA 2010
World Energy outlook

Emissions, Europe: land-
based sources vs.
international shipping

Land-based sources

International shipping

Source: IIASA 2007
baseline scenario
(International Institute for
Applied Systems Analysis)
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Electric propulsion
The solution for more and more vessel types

Growth in use of
electric propulsion

Number of ordered
vessels

Electrical and hybrid
propulsion % of total
ordered vessels
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5000 25%
4000 20%
3000 15%

2000 10%
1000 5%

2010 11 12 13 14 15 16 17 18 19 20

Electric propulsion has
become the technology of
choice for sophisticated
vessel segments due to the
fuel efficiency and low
emissions

Electric or hybrid propulsion
will emerge as the solution
for new merchant vessel
segments, e.g.: container,
dry cargo vessels

Electric or hybrid propulsion
vessels are projected to
represent 20% of vessel
numbers in 2020



Onboard DC Grid
Improving the benefits of electric propulsion

- Background

= Development has been dominated by minor
improvements with focus on components

- New perspective

= ABB has been running a R&D project with focus on the
total onboard energy conversion

- Key design principles
= Equipment shall be protected in case of failures

= Proper selectivity shall be ensured in such a way that
safe operation is maintained after any single failure
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Onboard DC Grid
The step forward

= Greener:

- Take advantage of new and renewable energy
sources

= Combine energy forms to meet new
requirements

= Smarter:

= Adjust engine’s speed to optimize fuel
consumption.

= Reduced footprint of electrical equipment
provides greater flexibility of system layout

Be competitive now and stay competitive for
the next 20+ years

© ABB Group
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Onboard DC Grid
Starting point; Brainstorming

= Task

= How can we minimize the number of energy
conversions from fuel to propellers, and at the same
time improving the operational conditions for prime
movers and thrust actuators?
Fuel ® Mechanic = AC = Magnetic = AC = DC =
AC = Mechanic = Thrust

= Steps

= |deal:

Direct conversion from fuel to thrust .. Impossible
= Minimized components:

Mechanical propulsion .. Inefficient
= The revolution:

DC matrix .. Technical infeasible
= The solution: .. Onboard DC Grid
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Onboard DC grid — Prepared for the future
“Plug In” existing and new energy sources

Solar New energy

' r
Batteries “m sources
Fuel cells 1 /a
1 REE e

Generators A ~  Open standard

New proepulsors

Control systems based on existing
components

Pods and thrusters
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Onboard DC Grid
Configuration overview

= Traditional AC System

r
|
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= Onboard DC Grid
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Onboard DC Grid
MultiDrive approach
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Onboard DC Grid
Fully distributed system

DC Bus

H

AC Bus

DC Bus
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Onboard DC Grid
Efficiency - Variable Speed Operation

Operation with
variable frequency
(Onboard DC Grid)

Operation with

fixed frequency

(Traditional AC)
|

1 1
[ ] ] £ ES] s E=] 3

= Efficiency gain : 5%-10%
- Reduced Emissions
= Cleaner combustion -> Reduced Engine Maintenance

= New possibilities in optimizing prime-mover and turbo
design with fewer restrictions on speed range
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Onboard DC Grid
Efficiency — Energy Storage & PEMS

A

System Power Energy Storage

Power Seen by Status
Diesel [ ] Charging
] Dis-charging
| et .. A

Time

Power

= Energy Storage
= Load levelling — reducing load fluctuations seen by engine
= "Spinning reserve” — reducing number of engines online
= Gas turbine/engine with better dynamic performance
= Power and Energy Management
= Active Load sharing
= Load optimizing — charging and discharging when this will
improve diesel engine’s efficiency
= Load scheduling (PEMS & EMMA)
= New possibilities with’hot standby” diesel engines
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Onboard DC Grid
Operation

- Lower operating cost

- Reduced fuel consumption, by variable engine
speed and energy storage

- Reduced maintenance of DGs
- Improved dynamic response {8

- More dynamic system performance with faster o ﬁ‘_f’
and more advanced PMS ' :

- Less dependence of engine ramps with energy
storage 1

- Better DP performance, by less fuel consumptig
or more accurate positioning

- Reverse power handling with fewer restrictic
= Quick fault recovery

- Increased space for payload

- More functional vessel layout

- Retrofit for future new energy sources

- New possibilities with’hot standby” diesel engines
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Onboard DC Grid
Protection philosophy

= New protection philosophy

= Protection is realized through a combination of fuses,
semiconductor devices and switched isolators

= Lower prospective short-circuit currents
= Safety Ensured:
= Equipment shall be protected in case of failures

= Proper selectivity is ensured in such a way that safe
operation is maintained after any single failure
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Onboard DC Grid
Rules and regulations

© ABB Group
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= Onboard DC Grid is fully compliant with applicable

rules and regulations

- Close cooperation with one of the leading

classification societies during the development
process to ensure that the system meets the most
stringent class rules

= A change from design oriented rules to function

oriented rules



Onboard DC Grli

System verification

Generalized Load Admittance Constraint and Load 1 Admittance
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Stable system

Bottom:

Time domain

simulation of load
ramp response
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Onboard DC Grid
Concluding Remarks
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-Fuel Saving \ N "”
-Space saving rd { Increased DP Performance
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-Dynamic response

I | -Energy storage
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Combines the best of
both AC and DC
components available
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