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HYBRID ENERGY SYSTEM C

WARTSILA

Hvbrid Energy System =

Combination of several different energy sources
or power conversions and the means
to store energy in a storage medium.

Controlled by the Energy Management
System (EMS):
* Maximize the electric and mechanical

energy generated from the minimum
amount of fossil fuel.

« Maximize the useful work obtained from the
minimum amount of generated energy.
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HYBRID ENERGY SYSTEM

BENEFITS of ENERGY STORAGE

* Optimized engine operation
« Energy storage support operation of engines at optimal
specific fuel consumption

* Reduced engine transients

* Energy storage will be used to reduce transient loads
In engines. Transients will increase fuel consumption

and emissions.
» Maintenance cost will be reduced

* Increased redundancy and efficient operations

* Power redundancy requirements requires engines to
run at low loads. With energy storage as redundant
power the engine will operate more efficient on higher
loading and secure back-up in case of trip of engine.

* Engine operation time will be reduced.
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HYBRID POWER DISTRIBUTION

WARTSILA

Operation Principles Hybrid System
with Shaft Generator / Motor System PTO/PTI (gearbox type)

INTERNAL 11.12.2019 Wartsila Shaft Generator Systems



HYBRID POWER DISTRIBUTION

WARTSILA

Operation Principles Hybrid System
with Shaft Generator / Motor System PTO/PTI (in-line type)
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REFERENCE HYBRID SYSTEM — CHINA - C

_ _ WARTSILA
Shipyard: Yantai CIMC Raffles Offshore Ltd.
Hull Nos: YCRO H479 / Cargo Vessel
End Customer: Aker BioMarine Antarctic Services

— under construction -

Scope of Supply Technical Features

* Battery Solution « Wartsila hybrid propulsion solution
supported by batteries
- results in very low emission levels

* Hybrid Drive Switchboard « Engine’s load fluctuations and vessel load
variations
- will be absorbed through batteries

» Energy Management System (EMS)

« PTI/PTO electric motor/generator

* 690V Main Switchboard « The engines can be operated close to its
- Tunnel Thrusters Frequency optimum design point, o
Drives —> will provide the highest level of efficiency

= minimised exhaust emissions

* Tunnel Thrusters E-Motor :
* The vessel can operate on battery in harbour

- minimizing noise and local pollution.
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REFERENCE HYBRID SYSTEM — CHINA -

11

YCRO H479 / Cargo Vessel
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REFERENCE HYBRID SYSTEM — CHINA - C

WARTSILA

Customers: Jinling Shipyard / Finnlines

Vessel Type: 3x “Green Ro-Ro Vessel”
238m long, 5,800 lane meters
— under construction -

Scope of Supply Technical Features
« 2x Shaft Generator / Motor System; » Wartsila hybrid propulsion solution
Power Take-Off (PTO) 2000kW, supported by batteries
Power Take-In (PTI) 2000kW - results in very low emission levels
Slow-speed, in-line type « Engine’s load fluctuations and vessel load
_ variations
* 2x Hybrid Power Converter, - will be absorbed through batteries

AFE-PWM-type, incl. modules for
Bow Thruster Motor (1800kW) and
for battery

* The engines can be operated close to its
optimum design point,
—> will provide the highest level of efficiency
= minimised exhaust emissions

* 4x Battery System each 1250kWh _ _
» The vessel will operate on battery in harbour

- Energy Management System (EMS) - guaranteeing “zero emissions in port”.
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REFERENCE HYBRID SYSTEM — CHINA -
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HYBRID REFERENCES
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WARTSILA HYBRID TEST CENEREINTRIESTE /AITALY \

Scope of Supply

o

=

o

ARG

Battery Solution
Energy Management System (EMS)
Hybrid Drive Switchboard

PTI/PTO electric motor

Generator
Engine

2® lechnical Features

+ First ever full scale Hybrid Centre
+ Developments and demonstrations
of Wartsila HY technologies and
operating principles
“ Energy efficiently transformed into
power according to vessel demand
thanks to Emergency Management System logics
«  Batteries — 500kWh battery capacity. Energy storage to be
used at any time with 1000 kW charge/discharge rate
v Power Drives — It distributes the power according to the
Energy Managements System logics,
connection power generators and consumers
v~ Energy Management System — The brain of
Wartsila HY controls and optimizes the energy
flows between the different power sources

7/



m-files://show/8B00819E-51E3-42DE-B8B7-4514EC7EB3CB/0-50060?property=PG6921D66411D44654B071A1413F031A1E
m-files://show/8B00819E-51E3-42DE-B8B7-4514EC7EB3CB/0-50060?property=PG80BE608AC70B407D90E36C17A22F186B
m-files://show/8B00819E-51E3-42DE-B8B7-4514EC7EB3CB/0-50060?property=PG1F4A4DDE8CED4EDB982CC0C9D7C226E5

ARG

R NRRSE

\ . -_'-“-“// = ‘ o c
AQA - WARTSILA

R#=iRaNRFMAPCALTERF TRIESTE \

o

-

HESTTE
SEhuysES

LB EIRRA(EMS) = < -
RO ‘ &7
PTI/PTO i A EaH o | y

EEH "

+
" O T g EiamsRamIL
Wf&-i S e R AR R R AR

L CETHEEERFR(EMS)ZIE, tiREMEEREGE
a7

v EEjtl — 500kWh BBith B =, EeERFEER TN MERA
1000 KW F&/FIEE IR

v BB IR E B RF(EMS)NZE D EE S,
Sy TR N AE=Z SR (AT TN 3

v BEEEEARS(EMS) - BH=BaINRFHIAMN, =
MBI REE AIHEE R



m-files://show/8B00819E-51E3-42DE-B8B7-4514EC7EB3CB/0-50060?property=PG6921D66411D44654B071A1413F031A1E
m-files://show/8B00819E-51E3-42DE-B8B7-4514EC7EB3CB/0-50060?property=PG80BE608AC70B407D90E36C17A22F186B
m-files://show/8B00819E-51E3-42DE-B8B7-4514EC7EB3CB/0-50060?property=PG1F4A4DDE8CED4EDB982CC0C9D7C226E5

HYBRID REFERENCES
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) Scope of Supply
Energy Management System (EMS)

Hybrid Power Electronic

v
v
= v Battery Solution
v Container for HY equipment
v

DNV- GL class notation “Battery (Power)”

Technical Features

Platform Supply Vessel with Fuel cell and
Battery

v

4| P

Battery and Fuel cell Class Notations
developed by DNV throughout this
project period.

15% reduced fuel consumption

25% reduced NOx emission
30% reduced CH4 emission

First documented consistent hybrid
operation
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HYBRID REFERENCES

VIKING PRINCESS ‘
OWNER: EIDESVIK OFFSHORE AS

.

Technical Features

v Hybrid conversion according to DNVGL
Battery Power notation

v Dual Fuel-Electric with Wartsila —
LLC Systemss  Powered by LNG & Ratter§

v Refit complete battery hybrid syste
complying with DNV-GL class notation
“‘Battery (power)”

xu

=_/ Energy Management System (EMS)

; v Hybrid Power Electronic
Replacing one generator set

Battery Solution
Fuel reduction DP (one eng + batt): - 30% :

Total fuel reduction - 15-17%

v
v Container for HY equipment
v DNV- GL class notation “Battery (Power)”

Reduced engine running hours - 33-38% e s
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HYBRID REFERENCES c

WARTSILA
6 x E-SHUTTLE CLASS

OWNER: TEEKAY

Scope of Supply

Technical Features

v It will be the most efficient shuttle
tanker in operation

Integrated Control and Monitoring System
Power Management System (PMS)

v" Highly redundant DP2 based on LLC LLC Transformer

v

4
power distribution system v Generators
v

/' Wartsila 34DF Engines ANNUAL REDUCTIONS —— Electrical motors for Main Propulsion and

v~ Emission Thrusters
— v Fully diesel electric propulsion CO2 > -42% : :
combined with battery support NOx - - 84% Sl e Haiisr SUE -

Particles =2 - 96% 690V Low voltage MSWBD
Fuel Consumption = - 22%
Bunkering =2 - 50%

Running Hours Machineries - - 25% Battery packages

\ e

___ v Optimization of engines, gas turbine,
batteries and the different fuels by
the Energy Management System

Propulsion drives, Multidrive & Hybrid Drive
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