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A Study on the Improvement of Ship Energy-Efficiency
through ESS(Energy Storage System)

Hun-seok, Lee

Department of Marine Engineering

Graduate School of Korea Maritime University

Abstract

This paper deals with the ship power management system using energy
storage system. Energy storage device is used for the improving energy
efficiency and improving power quality and energy shifting etc.
Representative examples of the energy storage device is a ultra-capacitors,
flywheel battery and secondary battery. In order to select the most
appropriate energy storage device to the ship, Comparing the energy
storage device and analyzed. Among the comparison results of energy
storage system, middle-large secondary battery was deemed most
appropriate in conjunction with a ship power management system linked

energy storage system is proposed.

The Purposed of this paper is the capacity selection of secondary battery
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and generator suitable ship for energy efficiency improvements of ship

with applied the secondary battery.

Analyzed the operational data of each ship type in the actual operation
date for capacity calculation of the secondary battery and generator
suitable for ship. Analysis ship type is car carrier, container ship, LNGC
and ship operation data such as a ship power consumption, operation mode
time, heavy consumption usage time were analyzed. The simulation was
performed using the LabVIEW program based graphic user interface and
modeling the ship electric load was modeled through the analysis of ship
power load. To improve the reliability of ship load modeling was added
10% of margin power load. Re-selecting the capacity of the generator
based on the power date that analysis, it was established the capacity of

the secondary required to this.

The simulation result shows quantitatively by comparing the ship power
management system linked battery and exiting power management system
using diesel generator specific fuel oil consumption. As a results, the ship
power management system appling secondary battery can improved by 2%

of ship electric energy efficiency was confirmed.

KEY WORDS: PMS(Power Management System) X #gA|2HE;
Rechargeable Battery ©|x%A]; Generator efficiency 7] &&; Ship
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Table 3.1 4,600TEU container ship specification

AE 4,600TEU z1H|o]q A=k

Bow Thruster 1th / 2,000kW / 53
(A Xt} =/Capacity/ A x| A8} 4) | 1 / 1,800kW / 14

Generator Engine

4t | 1,700kW / 63
(A X v} 4=/Capacity/ A x| A8} ) o/ /

ook

Y Al 1 Z

)

9]

] A7 -5
A7 4 B4 A 2 =7 Al dsdEey s o
2} 3th~4di o] HH7] +F
Table 3.2 8,600TEU container ship specification
Az 8,600TEU Z1E|oly] Au}
sow Thruster 1o / 3,000kW / 6%
(A X o) %=/Capacity/2 X) A8} &) ’ B
Generator Engine 4o [ 3,300kW / 53

(A A ) <#/Capacity/ A= A8} <) | 4tH [ 3,470kW / 14

FafiAl 1] 27| &

3 dE R =T Al deAE Y sl o
2} 3ti~4th o] 7] &
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1
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Table 3.3 LNGC ship specification

Al <% LNG &Rk w8}

Bow Thruster 1o) / 2,000kW / 4%

(A Xt <=/Capacity/22 x| A8} )

Generator Engine 3t) / T/G 3,300kW <2, D/G 3,300kW x1

(A Xt 4~/Capacity/ 2 x| A8 ) |/ 44

sl A BHl #BH7)(T/G, Turbine Genera
A7) 24 &4 tor) 1the] HH7|% -5

A3 2 =3k Al 20), unloadingA] 3th

LNGCAHte] A-¢- 95 HH|E o] &3t HHOJHE st HHo|HA A
+ 28 LNG(Liquefied Natural Gas)E & AW 7} F=(Cargo pump)E At
g3te] st we} UnloadingAl B2 AgS 8= 3o & 2 =
- 2 2E AMSO R UM B2 HEES FoF e AeHolvAdde 2

=

L:l

LNGCH ] 7% INGE stedat 7la HIZAEOR Qste] U o
HU o 2o A¥S WaE ShoE s 3n W )
47 (loading) A9l 913-9] LNG o] HZE o] gale] Mmooz muoz Au

W Hxe HEZFF §lo] dUAdgRets S7HsHA =t o8 g LNGCAH e
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Table 3.4 Car carrier ship specification
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Table 3.5 Ship power analysis at seagoing

s A S EEE I s
4,600TEU A 1,079 kW 1,229 kW
4,600TEU B 1,189 kW 1,440 kW

z’ﬂtﬂﬁglolziljj‘i} 4,600TEU C 1,050 kW 1,300 kW
4,600TEU D 1,074 kW 1,228 kW
4,600TEU E 977 kW 1,126 kW
8,600TEU A 2,447 kW 2,930 kW
8,600TEU B 1,700 kW 2,089 kW

8,600TEU
78] o] 1 Al 8,600TEU C 1,573 kW 2,008 kW
8,600TEU D 1,787 kW 2,221 kW
8,600TEU E 2,041 kW 2,760 kW
LNGC A 2,236 kKW 2,358 kW
NEEA LNGC B 2,194 kW 2,450 kW
LNGC C 2,199 kW 2,245 kW
LNGC D 2,204 kW 2,654 kW
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Table 3.6 Ship power analysis at arrival and departure
U= B HY | A= BT AY

A % A
(B/T “0° Pitch) | B/T ‘Full” Pitch)
4,600TEU A 3,076 kW 4,256 kW
4,600TEU B 1,946 kW 3,126 kW
4.600TEU 4,600TEU C 3,115 kW 3,645 kW
A v o] 44}
4,600TEU D 1,531 kW 2,711 kW
4,600TEU E 1,290 kW 2,950 kW
8,600TEU A 2,799 kW -
8,600TEU B 2,217 kW -
8,600TEU
8 o] 1 A 8,600TEU C 1,983 kW -
8,600TEU D - -
8,600TEU E 2,500 kW -
LNGC A 3,817 kW 5,726 kW
LNGC B 4,495 kW 8,368 kW
LNGCA v}
LNGC C 2,924 kW 4,674 kKW
LNGC D 2,351 kW 4,127 kW

3 2 =3 A Aule M&Eo 7haz 9lsled ®BZ7]7](Aux. blower )9
3 2

Aste] FFeff AlET g
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Table 3.7 Ship power analysis at harbor anchorage

A F A et P4 AE H A AH
4,600TEU A 831 kW 900 kW
4,600TEU B 852 kW 970 kW

ﬁt}?gﬂ;ig& 4,600TEU C 743 kW 880 kW
4,600TEU D 849 kW 1,106 kW
4,600TEU E - -
8,600TEU A 1,576 kW 1,829 kW
8,600TEU B 1,091 kW 1,323 kW
8,600TEU
78l o)1 Al H} 8,600TEU C 877 kW 1,099 kW
8,600TEU D 976 kW 1,217 kW
8,600TEU E 833 KW 1,000 KW
A 8t Loading A ¥ Unloading %
INGCH 1} LNGC A 3,716 kW 7,368 kW
Loading/ LNGC B - -
Unloading LNGC C _ _
LNGC D - -
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F3t7] flsl s=old HEE ol&del wet Frb HdEAn v A
st9(UnloadingAlell= AW LNGE SHSoE olFslr] s &9 H/ID
Comp.& ©]&& ol wet 3 % =3 AR €53 g2 ™o a74d<s &
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28 NS o E 3.8%Eo] YERSIT

Table 3.8 Time of heavy comsumer used by arrival and departure

= 013} ul
M u} U R BT | ang | sgagn
23 A7 | AEAT
Ae ol Alnr 2T 302 _ _
LNGCA1 49} 2A] 7k 308 8A1 7+ 11A1 7
AEabewd | 147 0% | 308 _ _

A Qi 8 FYAZE uhe s s ASAZES G0 AR R
1Al wel WERT ol wek 4T @ FF ATS FsHE AL wg o
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Fig 4.5 Charging-discharging hysteresis of the LIB
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5843 608.5 608.0 616.0 - - 6415 652.3 592.0 615.6
595.8 608.5 604.5 617.5 624.0 - 6405 667.3 597.0 622.6
593.5 606.5 619.0 629.5 625.5 - 3 675.3 597.5 621.1
5843 604.5 619.0 621.0 6245 - 6425 686.3 600.0 618.6
583.3 5975 610.5 615.0 619.0 - 6335 653.3 602.0 617.6
5825 5975 605.5 608.0 616.0 631.5 §32.0 627.3 604.0 6171
577.0 5975 611.0 6153 6245 637.5 - 6103 601.0 611.6
589.0 598.5 611.0 617.0 626.0 634.5 641.5 623.8 612.0 622.6
5B5.5 602.5 617.5 625.0 633.5 6415 649.0 621.8 603.0 620.6
5823 5885 609.5 6215 - 640.5 644 5 6258 601.0 618.6
584.0 600.5 - - - 647.0 642.5 624 8 595.0 612.6
588.0 600.5 610.0 618.0 627.5 639.5 640.5 632.8 605.0 620.6
582.3 5895 613.5 623.5 624 5 639.5 6455 625.8 597.0 612.6
583.0 5385 612.5 6215 624.0 6425 636.5 629.8 598.0 614.6
583.5 6005 617.5 624.5 627.0 643.0 637.0 625.8 594.0 615.6
582.0 600.5 617.5 622.0 6215 647.0 634.5 630.8 598.0 619.6
5813 5985 618.5 617.8 6155 638.0 630.5 627.8 601.0 615.6
578.3 597.5 619.5 617.0 617.5 634.5 630.0 629.8 600.0 613.6
572.8 5895 619.5 612.0 607.5 628.5 627.0 6288 594.0 610.6
580.3 5955 619.5 616.5 612.5 630.5 630.0 636.8 602.0 618.6
579.8 5945 624.5 620.5 618.5 634.5 635.0 659.3 599.0 614.6

Fig 5.2 MG-380 diesel oil price
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Fig 5.3 4,600TEU containership environmental condition
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Fig 5.4 4,600TEU SFC example of comparison chart

Table 5.1 4,600TEU containership simulation results

LAZI&F | olAA &% | Tope Tprore | IHAAEE | Payback
1,700 kW - 0 MT 1 -
1,350 kW 1,000 kWh 41.765 MT 1.019 15.55
1,400 kW 850 kWh 36.251 MT 1.016 15.22
1,450 kW 700 kWh 34.112 MT 1.015 13.32
1,500 kW 600 kWh 28.973 MT 1.013 13.44
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Fig 5.5 8,600TEU containership environmental condition
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Table 5.2 8,600TEU containership simulation results

L7 X | oA A] Tspe 01]_L17<l Payback | ¥l 1

7] g & Torsrc &

3,300 kW x 3 - 0 MT 1 -

1,300 kW x 3| 2,600 kWh | 87.177 MT 1.020 19.36

1,400 kW x 3| 2,000 kWh | 67.624 MT | 1.017 19.20

1,500 kW x 3 | 1,600 kWh | 52.012 MT 1.013 19.97

1,600 kW x 3 | 1,100 kWh | 24.520 MT | 1.006 29.13 | E95R%

1,700 kW x 3| 8,00 kWh | -2.080 MT | 0.999 - E

2,400 kKW x 2 | 1,200 kWh | 9.550 MT 1.002 81.58

2,500 kW x 2 | 1,000 kWh | 88.914 MT | 1.023 7.30 YRS

2,600 kKW < 2 | 850 kWh | 71.676 MT 1.018 7.70

2,700 kW x< 2 | 700 kWh | 50.730 MT | 1.012 8.96 Y RF

2,800 kW x< 2 | 700 kWh | 33.906 MT 1.009 13.4 YRS
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Table 5.3 8,600TEU containership simulation results

1}z 2k o] 2} =

fa}jjj]% EHO _,[ij ]g ;Z] Tspc Tprspe 02_;1 ; ! Payback
3,300 kW x 3 - 0 MT 1 -
1,600 kKW x 3 1,200 kWh 24.520 MT 1.006 31.77
2,500 kW x 2 1,200 kWh 88.914 MT 1.023 8.76
2,700 kW x 2 1,000 kWh 50.730 MT 1.012 12.80
2,800 kW x 2 1,000 kWh 33.906 MT 1.009 19.15
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Fig 5.6 LIB charging-discharging hysteresis control
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Fig 5.7 LNGC environmental condition
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