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Lithium-ion Battery Energy Storage System for Power Quality Improvement
in Electrical Propulsion Ships

Hyun-Keun Ku', Hye-Rim Seo', and Jang-Mok Kim™

Abstract

This paper explained the application of a lithium—-ion battery energy storage system to electric propulsion
ships. The power distribution in electric propulsion ships has low power quality because of the variation in the
power consumption of the propulsion motor. For proper operation of the ship, the power quality needs to be
improved, and the battery energy storage system is used to solve power—quality problems. The simulation
models of electric propulsion ship and battery energy storage systems are constructed on MATLAB/Simulink to

verify the improvement in power quality. The proposed system is applied in various scenarios of the propulsion
motor state. The power quality achieved by using the battery energy storage system in both voltage and

frequency satisfies the standards set by IEC-60092/101.

Key words: Electric propulsion ship, Lithium-ion battery(LiB, Li-ion battery), ESS(Energy Storage System)
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TABLE 1
POWER QUALITY REQUIREMENTS BASED ON
IBC-60092/101""
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TABLE I
COMPONENTS AND PARAMETERS OF THE
ELECTRIC PROPULSION SHIP SYSTEM WITH AC
DISTRIBUTION

Requirements
d System Component & Parameters
- Prime movermn : Gas turbine 10 [MVA]
— o 1 0, 0,
Steady-state voltage deviations +6%, 10% Power ~ Generatornn : 3-phase PMSG 55x2
. [MVA]
Phasg to phase voltage unbalance 204 generation ~ Governorns : Digital governor
(continuous) - Exciterna : IEEE DC Exciter
Voltage momentary deviation +20% - Propulsion motorn © 3-phase PMSM 8
Propulsion MVA]
Voltage transients recovery time 15s - Converterinl : 3-phase Diode rectifier
- Inverter) : 3-phase PWM inverter
THD 5% Energy - Lithium-ion batteryng : 500 [kWh]
A single distortion 20 storage ) ?UCk_bOOSF g(’/}? C cg;\//ﬁter.[m
(any harmonic greater than) ° nverter) : J-phase mverter
— Ship service load : single/three phase
Steady-state frequency deviations 5% Power active/passive load
. load - 3-phase rectifierol
Frequency momentary deviations +10% - Single/three phase inverteril
. . P
Frequency transients recovery time 5s ower Software(n]
management
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[M] : Changing parameters from Matlab preset model
[D] : Design & Development

< Fig. 1% Table 2o Yepdllch. AdA7]F21483 F4&
AH S e WA 28" (Power generation system),
F38E& HAshE F31A 2" (Propulsion system), X
Z dyx|del  olyx] A FA 2~ (Energy storage
system) Z} 1djof Auh o] AH]2~ FapQl A= sl Al
2®l(Load power system) 3 Aut d=€S #elebs A
AP A 2~8 (Power management system) = AC Wl
A A"l o= o] Fof7int

A 2EE 5], AWY, Bd7] B AR A
A ¥ Zb2he Matlab/simulinkoll A #| 3-8} preset &
g& 7jdto g Av]el & WSt AlEdold K
ds gAY FAA LR FAE = 3 9
2 57 ds7] BES ol&etda dET] e A
g QIMH S DC A9ARS 9 A77I= dubFel 3
A ES toler {7V R B A= R B

s nd

A | 2glel o] &= wiE e e Matlab/simulink
o] preset RHo] metulE WMAS Fa RPSAA,
AWM EAA 2= Buck-boost DC/DC 7AW E ¢} 374 <1
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Fig. 1. Single-line configuration of the AC grid electric
propulsion ship.
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Fig. 2. Configuration of the electric propulsion ship with AC
distribution in MATLAB/Simulink.

< Propulsion Motor Power Reference >
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Fig. 3. Power of the propulsion motor in the one generator
trip scenario.
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< Propulsion motor output power >
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< AC grid voltage (Phase A) >
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Fig. 4. Simulation results of generator trip without energy
storage system.
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Fig. 5. Simulation results of generator trip with energy
storage system.
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