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A study on appropriate ship power system for pulse load combine with secondary
battery
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Abstract: Problem of greenhouse gases associated with global warming and the world rise in fuel oil prices
due to the depletion of fossil fuel has attracted attention. For this reason, maritime transport business, has
shown interest in green-ship technology to reduce the consumption of fuel and reduce greenhouse gas for en-
vironmental protection. Power system of the ship is one of the most important factors for safe operation.
Therefore, at design of ship power system, most of existing vessel used comparative large capacity generator in order
to respond peak load such as bow thruster, crane and etc. In the navigation of ship, marine generators most would
be operated at low load operation. In the low load operation of the generation rate of 50% or less, the operation ef-
ficiency of the generator it deteriorated, to consume more fuel oil. It also, it means that adversely effect the life of
the generator. In this paper, studied how to apply for a secondary battery in container ship that relatively frequent
arrival and departure in port. As a result, in order to apply the secondary battery to increase the operating efficiency
of the generator during the voyage, it was confirmed that it is possible to reduce fuel consumption.

Keywords: Generator load factor, Secondary battery, Ship power system, Green ship, Pulse load

1.4 8 A2 e nzd ne ARs 7149 F

T Corresponding Author: Division of Mechanical & Energy Systems Engineering, Korea Maritime University,
Dongsam-dong, Yeongdo-gu, Busan, 606-791, Korea, E-mail: ojs@kmou.ac.kr, Tel: 051-410-4283

1 Department of Marine Engineering, Korea Marine Engineering University, E-mail: gar4153@naver.com, Tel:
051-410-4866



2

3F9-~7}

S

A3k

=R AF2=

i) —y]|_ ;qu‘L"%]di}o
TAZE 2™

NN
=
) I
QW@EHETEE J.
ﬂZL, X M T pARN]
o o o X0 H
= N o < o SRS Ca
o e 4 = N e I
ﬁllnor_.@mautﬂ . Ny
@nﬁnﬂ#ﬂ%ﬁ zwmﬁar._ﬂﬂ
ad A B A le]ﬂo L
leﬂcugosa NG ol I
I A o= o Y 3 | %]
Jqo]a_.ldLl M X
m) X .ﬂ; ; I 0 b
) ™ _zT.: %o 1o ~ E.:| H;I ?L =N =
:.LA_E Eo%oaleﬂeTELlo#E IS =) NE
o T < all‘_oyé g HIHmE
m#%ﬂﬂ,%ﬁmm%ouxurmnﬂ 1 B HERE IS
%J@%éﬂ %@Eﬂm}fa . 2 4
o .6H24%|L4LmﬁﬂL7AT1FAﬂA|L - z = @ I
No B o PR W D ; ©F 3 = k3
X i el 5 T or 3 Es L
%%u%% %%&%%iﬂmm g b 7
EJIELXALC7 MHE on < 2 .
owﬂafr}mﬂu mﬁ ﬂm_xaﬁ@fr g 4 2 £ Ol : 2
ofaiw% A ) | g At :
M.L.Eﬂ&.dﬂ ﬂhimo#ﬂbzogq - =
b= o B o] 3 ﬂaogo 3 = % 3
A = ] = ep32 o g g
= wg]F?EE - SEgg8| | 2 5 g
N ,_.E.MHT W2 g | oo o = 2
BOoT o O 3 t = N
}NI%NFH_OI memm o
A\ giel | g
KEnEr Loyt s8l [&|| 8 5
MCMMEE_S] HUMﬁﬂH\mM@ﬂEOTLI 5 _|n|_|5
]_ﬂoﬂjl7 X _1r1r;om_x11
! o _io‘wwlﬂol ,Q OE ‘ml‘:ﬂ__.:Wo #01 o HT % HT il
%MAW@ ﬂjm.,@luﬂaiaoﬂ_z o T
oo g = aﬁ_déwéﬂa%%%@}o mﬂﬁlaﬂ%l
X o LT @JM__O%EO. ly_bot qu}@ o N
oiﬂﬂloﬂa A,aHT (\‘Ulmﬁ7ﬂﬁﬂzﬁ Hﬁmﬂ,o|7}£015%|
ZE%NrmMmﬁMMoJlﬂmJWﬂﬂ]a%ﬁnﬁﬁiﬂ ﬁoﬁe.EWﬂeE%,_ T oo Bo
Eeo‘@HHALmOWOSHM_‘HﬁﬂﬂiHEﬂwLoE\h or,_.rowMo ﬂ@]ﬂ “lmﬁWlWﬂ@dlwr
)ﬂumx]ﬂliﬂuéﬁﬂhﬂw LLLI L ﬂuﬁ‘DllrFLmEH T ~ Ll,Ao
7 = ~ S o T T 1) o ey T oh < X4 o = ol o Bl
Ga% @ﬁgi _CHP7QHT@Q g o g oo T m.x.sogé%
wﬂsiﬁoﬂwnoﬂe%aﬂvmvﬁéoM(L quﬂm)joﬂow& _ aoah%aﬁme,z
wﬂrmm;ﬂm;@@%%ﬂhi%%&ﬂ mﬁ%anmgmﬂ T %ng% 27
Hﬂ;uzﬁﬂ_%%é%b#%.xmﬁﬂﬁui xby%w\%ﬁaaﬁ " 1anrﬂmﬂw,m_x
n%._@ﬁﬁ Pﬂ1dAw)ixLL1ﬂ oy Bz W R B N R E T
3 Hutdl7 oxaﬁé_goo %7}1,}% uTua% K 4L7xgoaA
o = Do R A |~ 3 o3 B A 5 ] ~ W
G@éﬂi@%@m{ﬁ,mﬂcﬁ& .ﬂéﬂ&ﬂ%éxmﬁmﬁ A magm_xwﬂm%\
G,zhﬂlmﬂ%o%Eﬁ%ﬂ._gmﬁmﬂwﬂw%@nmﬂ ﬁWLﬁEHLNﬁ T ﬂ%aoﬁtﬁmﬂo
— - — — P
muaé%wmmmﬁﬂ?ﬂrmcAQB@,MMHAgoﬁﬂ%thwﬁm oy MomMoHToImmem%
( T o = = T B ™ _
H%@gﬁée@mgﬁ%Ewﬁmw%ﬂggww&7m Fpziziel
‘DI OT_ Zﬁ.o 10° ’ EO %w OT_ ‘l__/l MM = ﬂvu EO ‘mwo JI - ﬁwe ‘.L,oﬁ . HD M MT 1,.._-W_| O“_o ‘m_-Wﬁ m ﬂAl‘_
B A N m AT]JAI g — X° do B! o) .8 T.IL N " K X! op X 5 om
~ A =& o%_urmi < T 8"
UEHE-Ll(\OEﬁﬂ‘_E E X - torTﬂAE\h
o W: iy J o 2 %A ‘UI,UI <~ aﬁopﬂﬂ\ﬂ\m
o 4 AT = e fir dﬂﬂmo ) N Wxﬁ =)
HodF o ._.._L%xﬂ 8
4 K T x IHﬁAL]LI. e
X o T 7Z,DFLI
1 ~ EE =) ﬂAH_ e o w
o X B 1~ S
- 2 % |
U =
o W oE

963

37
A|377 A|8%(2013. 11)



A A7) 71Ee dHor 7 AR
o83k A7)t gigk o] FTkelH A,
Aut U] As7] o2 A% A8 WEES o A
A RAoz oAt old uE B AT A=
Figure 29} o] 719l MFHAAEo] o] 2AA] &
AT AHA RS Akt A|Qksls d Al
25l AAE flste] E ATl E HaRs)
(BM<] TANET} =2 Aol Auks giige
2 AN 2ES Ak} gt

» Caterpillar Engines: 50 Hz 1500 rpm 400 Volts

00 \
£ 2 [ ':"\.

RN

22 —3;— =
' i ATen =3
18] 1 0 0 ns 0.6 07 0 1
Power (%)
Figure 3: Diesel generator SFC curve[6]
Ak 55 JYAAE 7 ER dd 2
Al AxHE, FHE F gule] §AH] 5

SFC(Specify Fuel Consumption) =41& YERNH,
7] Fabg(%)o] ES5 a8 e S

e 5 g,

Mt A of £
304 vheh}ol
FrelekA R, Bavat A%
of g o7t Bastme

Gutd X Yol g 3h3] 2] 4377 A|83.(2013. 11)

Table 12 H Adubs|ate] Aoy kel
A FRE FEste] Advte] AEARERS e
W Zlojtk. AEloly Adute] AnbHel 2 54
vpetsly] flal ool AElely Aute] whsle] d)
oe] 4, WA st on] vt g2 At
S

Table 1: Vessel operated power status (H Shipping
company)

Before B/T St’by
B/T St’by Time x B//T.
GIE GIE operatlon
- - mode,
operatlon operatlon G/E total
number number load
x|oad xload
2-hour x FULL,

gégetK\jv 3-set 1460 KW
x 490 KW | ~2380 KW
13-hour x FULL,

S}Y'ZetK\XN 3-set 1410 KW
x 400 KW | ~2895 KW

) 2-hour x FULL, Bow
ﬁzsgtlg/v 3-set 1530 KW | Motor
x 520 KW | ~3250 KW | 2000 KW
lset x 1.5-hour x FULL,

1090 KW 3-set 1630 KW | Generator
x 540 KW | ~3350 KW | 3300 KW
1.5-hour x FULL,

S;L?:(S)e’[KCV 3-set 1303 KW
x 430 KW | ~3100 KW
3-hour x FULL,

S}é(s)etK\XN 3-set 1413 KW
x 427 KW | ~3020 KW

2-set x Osghgg “ | FULL,

1150 KW | gan iy | 5000 KW

2-set x O'S'Qggt’ . FULL,

1110 KW | goo kw | 5250 KW

1-set x 0'8'5_‘;‘;{ . FULL, Bow

1530 KW | eor e | 4100 KW Motor
Toh 3000 KW

1-set x : 323{ 8 FULL,

1800 KW 733 KW 4500 KW | Generator
i 1700 KW
0.4-hour x

2-set x 3-set FULL,

1380 KW x 1000 5100 KW

KW
2-set x 0'8'5_‘;‘;{ “ | HALF,
1350 KW | gon iy | 4200 KW
964
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Table 2: Container vessel operation properties

Item Ratio%)
Avrrival and departure time 78%
(Less than 2-hour)
B/T Load AH& AlZE
(Less than 40-minute) 84%
Time ratio of B/T using time
of B/T St’by time 65%
(Less than 40-minute)
Load factor of the generator
per unit less than 50% of 85%
seagoing
Load factor of the generator
per unit at B/T full load of 55%
arrival and departure
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Figure 4: Hybrid vessel emerald ace

Table 3: Emerald ace specification

Ship type Vehicle carrier
Year build 2012
160KW(768 solar power
Solar power panels)
Battery capacity 2.2MWh
Battery configuration 324,480 x“l?ésuss()" cylindrical
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Table 4: Target vessel specification

Peak load at seagoing 7,333 kW
Average load at seagoing 7,145 kw
Peak load at harbor 7,801 kW
Average load at harbor 7,478 kW
B/T St’by power consumption 587,4 kW
B/T rated power consumption 3,000 kW
arrival and departure time 60 min
B/T full load operation time 30 min
B/T operation voltage 6,600 V
B/T no-load current consumption 89 A
B/T rated current consumption 314 A
B/T starting current consumption 1,727 A
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Figure 5: Simulation block diagram
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Table 5: Result of simulation
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Condition

Required battery
capacity

Generator capacity : 4,250kW
Number of operation
Generator : 2-Set

1,700 kwh

Generator capacity : 4,500kW
Number of operation
Generator : 2-Set

1,200 kwh

Generator capacity : 4,750kW
Number of operation
Generator : 2-Set

800 kwh

Generator capacity : 2,900kW
Number of operation
Generator : 3-Set

1,500 kwh

Generator capacity : 3,000W
Number of operation
Generator : 3-Set

1,250 kwh

Generator capacity: 3,100kW
Number of operation
Generator : 3-Set

1,050 kwh

Generator capacity : 3,250kW
Number of operation
Generator : 3-Set

850 kWh
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