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ABSTRACT |

A Study on an Energy Cost—-Saving Plan for

Container Terminals

The merger of the mega-carriers following the increasing trend toward globalization
with the increase of worldwide container cargo, the increase of the fuel-cost component
in shipping expenses and falling fares are all factors inducing the enlargement of
container vessels, from a feeder scale of 700 TEU of the past first generation to very
large container ship-scales of 11,000 TEU of an eighth generation that are being
operated currently. In the future, the turnaround time of vessels needs to be reduced
within 24 hours. The enlargement of vessels is acting as the main factor in the increase
of port costs, such as equipment facilities and equipment operating costs.

Port costs almost doubled compared with three years ago, the year of 2006 when the
international crude oil prices started soaring. The future crude petroleum price is
determined by showing the rising trend of the present and the increasing global demand.
This trend has a direct influence on the port. In particular, the port costs and operating
costs in most container terminals using diesel engines such as the YT-RTGC system
are rising and there is a big possibility that the cost diminishes a port’s power .

The international crude petroleum price surpassed US$90 per barrel in October 2007.
According to the results of an analysis of the business profit rate of main terminal
operators for the first half of 2006, it was revealed that business profits were reduced
2%-3% due to the high oil costs. And with new container terminals opening of trade
ports, including Busan New Port and Gwangyang Port, we expect that container
handling equipment on hand will increase continuously.

The domestic and foreign container terminals are making many efforts to reduce



energy utilities and energy costs. To realize this, the plan to address the operating costs
involves reorganizing the yard cranes to use diesel engines for the electricity. This is
being implemented by Busan Port Authority (BPA), and terminal operators reduce the
idling of the container handling equipment or are promoting the use of alternative
electricity for some equipment. Due to the switch of the electricity for the container
handling equipment, applied from April 1, 2003 in the ports to an industry electricity,
it is up to 1.5 times cheaper compared with general electricity. In cases where gasoline
is used for power instead of electricity for the container handling equipment cost
reductions are substantial due to the size.

Hence, for domestic ports to make Korea progress into becoming a logistics hub
nation in Northeast Asia and to occupy predominance in competition with surrounding
competing ports, we must improve the charge structure of the ports and lower the port
charges. Following this strategy, we can strengthen competitive power and we must
continuously lead the way in transshipment cargos. Based on the above research
background and objectives, the performed research results are as follows.
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dE A 2]
1992 3186.8 3170.4
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1994 3237.1 3204.4
1995 3280.9 3252.4
1996 3375.9 3335.4
1997 3480.9 3420.7
1998 3547.6 3436.9
1999 3479.3 3499.3
2000 3613.8 3537.2
2001 3593.7 3554.9
2002 3572.0 3589.0
2003 3705.8 3655.6
2004 3865.3 3798.6
2005 3895.0 3836.8
Ag s AGALR oA
<14l 205 Y M AR A 9 AH| HE
4000
3500
—— AU AL
3000 & “=H|
2500 T T T T T T 1
™ [52] =t L Lo M- om L=y =] — ™ [52] =t LM
L) ] (=31 =) ] (=31 L) ] (=31 =) ] (=31 = =] = =] =] =
[=)] Ly ] L)) Ly ] L)) Ly ] [=)] Ly ] =] =] =] = =] =]
— —l i —l i —l — —l (] i~ (o] (] (o] 4




2) AIA 771e] st
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g0l 9otk AL 28 44IES AowA AA 2o AYLREE 27 g
g AR $7F 43 Ao wAE e B A gsi,
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K71 9lgLont 10017 Aujael 71 259 velz QYA soli 99l
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1990 20.50 30.7
1991 16.56 -19.2
1992 1721 39
1993 14.9 -13.4
1994 14.76 -0.9
1995 16.09 9.0
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de 717 ($/bbl) =1 &%)
1996 18.56 15.4
1997 18.13 2.3
1998 12.16 -32.9
1999 17.24 41.8
2000 26.12 51.5
2001 22.84 -12.6
2002 23.88 4.6
2003 26.80 17.3
2004 33.77 26.0
2005 49.37 46.2
2006 61.50 24.6
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4 Dubai Brent
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07 69.16 73.65
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104 71.23 82.8
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i 280 ol=3alol RYY AFER Hs Bx
2001 2002 2003 2004 2005+
TR 2 [ ug |22 | 08 | 5% | U | 2% | g | 2% ] 6

() [ ) | () | *%) | () [ %) [ () | ) | @) | %)
RTGC| 241 | 803 | 254 | 812 | 143 | 87.7 | 395 | 795 | 755 | 781

59 19.7 59 18.8 20 12.3 102 20.5 212 21.9

oA | 300 100 313 100 163 100 497 100 967 100

F01) 200392 A9 WA 284717) WRE LU ZPMCOIA WAL 121718 Hoke Aol WLEA
oot A9
2) 20051 o] o] Fe 2006w 4U7kA| o W xS}
A& Cargo Systems, ZJWd &

ot RMGC7} 453 % th@ate] o 4= AT 4715 A§FORH 157}
Aehe] AR A7 o] thE §ARS Y B 3 FueGoldo] P4
S w9 B AES I Q) dielch B A9 HAEGY frEe
331 Gt RTGC St A A8 §7b7} Z7h48 f5uleh 22 28 oo
b 45 S dholg] 29 7aE AT ot
<t 2.0 Rargel O AR SR B
T A o AlA Kl Azt -6 A
RTGC 35 32 39 17 13 12
YT 68 79 81 36 20 23
RS 4 9 9 4 2 1
FL 13 10 6 4 - -

2= . RS : Reach Stacker, FL : Folk Lift
A& BPA, Fakek AdlolystE A 9 454, 2006
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SHC - 30 27
RS/TH 13 4 2
1) FARAFE 2-30H) o] Tl WIZHEAAHE AL WRARE Fxalgon AFFel AREA FF
A ks
2) SHC : SHuttle Carrier, TH : Top Handler
AR HAAIGEE Foo] ]
2007 114 FA fr7h= v $77 el (Frtol i 7E)E Adelskal oy
AEANES FF S04 5 35 A0 dAsta o] $575 Agati 5o
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A H FFEe v AAA 8 Y] A EAAERE T LA
A H[aLsh7] el A kAl AR R A A Ak Bet Aol A 884

(%5} : 300TEU, 350FEU, 25} : 300TEU, 350FEU), A|7He ok =1ej <] A44-4] 30Box
(OTEV)E 7|20 Bl BAshe tha) 2t

TAMA Foente] FMALAZE HR

<k 33> (29 : A
. 7
R 2Ab el A | tew 5 +F |RH=E"| B
EA 11,630 4,393 1,281 554
LI 0w 8532| 5198| 1350| 1,165| 3,847| 2087| 26130| 1,706
Aos 2,266 842| 6690| 3313| 7,067 2108 - 605
R T 8,400 | 9,000 -| 38,290
b A w) 10,980
=AE 1962 5711| 13467 | 3,304 503| 2350 | 9120| 3,001
AR 2471 6330| 6509| 2030| 149 | 2160| 3840| 1,79
stola 85,250 | 105,317 | 283,000 | 123,550 | 163,540 | 406,500 | 156,000 | 63,000
At a 61,710
Aen 6,800 | 5,400 -1 6,143 231 - -] 6,800
3 2] 7 o) &= 486 113 - - - - - 486
GIPAEY 8,996 - - -| 2,652 - - 9,620
grolal Sy & 250 64| 3185 285 408 172 3,000 379
Aeld g A 8 3341| 23557| 2000| 1785| 1,741| 1,740| 5520| 3,341
e 338
AR 15
7= 110
MWF - - - - 119
ZE| o]y A 40,000
2d 7|0 AR 104 225| 1,000 19 612 - - 104
3t 7 168,858 184,704 | 321593 | 181,165 | 244,480 | 417,240 | 203,610 | 90,836
(128,858)
W i 100 109 190 107 145 247 121 54
(100) (143) (250) (141) (190) (324) (158) (70)
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¥ MWF : Maritime Welfare Fee

* R GUAAAGE A Amgete] R AT( 04 9IRS oR AR )
s 9244 18 oy
- ABbtn ;5300 TEUH 7Z1H| o] L] 41(66,654GT, 24,405NT, 67,115DWT)

S 2000TEU(°k0} 300TEU - 350FEU, #3}: 300TEU - 350FEU)
- A7 GC AYAHA : 30BOX (40TEU)
() Aol A AR o W v g

SAEEO] kA A AR S 1000] AL 3 ), At
FE 107, A7 E 2L 145 T 247, ZH 2L
Aw 22zo|t}, o] 3t u]% 20079 19 1952 EMEJ
73 A

Hhel 2ol Ak Xlﬁlm’ A 7HAAAEE M AL A& H o7 A
Acte AL ofu|git.
< 345 4% Zslol] Haly®(2007.7)
(9] : TEV)
, , A vl ; ,
T 064 74 074 79 %) 061 1~79 | ‘07l 179
0
2] 281,328 298,549 6.1 1,972,154 2,154,392
2z 282,647 314,909 114 1944312 2,120,145
429
o 563,975 613,458 838 3,916,466 4274537
H
a4 437,883 553,510 26.4 3,029,876 3,458,389
ol 559 600 73 24,725 3,793
%7 1,002,417 1,167,568 165 6,971,067 7,736,719
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< 35> (59 : W)
8 2ol e s Fol e
ol 7AH] 26,511 29% R 1= 689 1%
ERE 4,679 5% 7)€k 2 4 u] 9,413 10%
=Ll 5,158 6% ZF7HAF 2] 4,981 6%
2] 82 v 3,539 4% Aol g 31,572 35%
A G A H] 683 1% Thufj -2 1] 2,377 3%
SARY R 815 1% H| &7 90,417 100%

AR o BAF PR AR

(2) S=b|o| 74
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Aeu] 82 ot Ay Qe Hen| &t YsESo A AHEEE d9RlE, 7]E
(23) AGH§O2 = 4 9

7} ot 3ol M| g

FoF AH B oA At 2006 0] AAAEE EUE Qb A Q1o du]g
S BEMg] Hd ekl 2719 Xﬁﬂ AYAHES 13157]19) 75 7t
190,300KW2 AF-3 11, 1325 7] 9] A0 917F 194526KW2 A §EE} SERE-

4O 2 ArEeld 1315 7])9) A% 15 858KW7} =, 1325719 749 16,210KW7}
ek A4 200 HES BE, AV 294 098 tes) Bo] AxEE
3Y/HA M4 o] Wit ol5te] £H 5 Holn, WA} B AL 4U%E 9
WA o] Aesnapol Bt ol4e] 24 ek olc,

oy Asiojdel FeY ¥ 2

< 3-6> (5F9] : KWH, #9)
GIC
o 1315 1323
Gk =9 A =9
19 9,280 530 9,630 551
29 13,960 798 12,320 704
3¢ 12,790 731 13,910 795
49 22,050 1,109 22,280 1121
54 20,290 1,021 19,960 1,005
64 21,970 1,106 24,440 1,230
74 16,170 1,201 15,910 1,182
8y 16,880 1,254 16,700 1,241
9¢ 18,900 951 17,260 869
104 14,980 856 13,506 772
14 9,040 517 15,730 899
124 13,990 800 12,880 736
3H 190,300 10,876 194,526 11,106
3t 15,858.33 906 16,210.5 925

AR BT A g RAR
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@

Aefekol] wheba] KW oF 571798 A &sko] obdl A 19] Apgof w2 7t
A ARGH 82 18157]9] 79 108767 ¢S A=stglon, 132579 72
11,1054 & A &stoict.

Fokak Al o] ATPA T, AYAIE D A S e A b R A5
W 131571 9] 79 43,930Vans& A efskel onf, SAA A7 1,3284]7F, 4]
11384 7F, A7 EA3AF4 33.07Van, <=AJAF4 38.60Vano|v, 13235.7]9] A<
42,220Vang A elshl on, FAAAIZE 1278 X 7F, A AIZE LISTAIZE, Al 7he
ZAIALA 33.05Van, «:AAHg 37.14Vano] T},

Y AE(D|Ee| ®2l=2, Az | Yoy

<it 3-7>
e 2 A7t A AHA (Van/Hr)
qw| Ve TEU | BN | 24T | FAAN | 24
. =& . . HlE | Hl& - _
ks 3} 3} ks oz ;,L hz| E
‘ﬁ7:” (%) u7:“ uﬁ] (%) ‘ﬁ7:“ (%) [ [SRU

131 | 43,930 | 5099 | 69,229 | 1,328 | 50.96 | 1,138 | 50.02 33.07 38.60

132 | 42,229 | 49.01 | 65084 | 1,278 | 49.04 | 1,137 49.98 33.05 37.14

o7 | 86,159 | 100 134,313 | 2,605 100 2,276 100 33.07 37.85

Y AED|del ety 3eQl nFARZE, FH7IEE R MHASY

<3t 3-8>
AT A RS E) e A (KWH)

=

i A R R B I
%) (KWH) )
g | 158 °E! L &
131 13.14 0.99% 18.29% 190,300 49 2.75
132 2.88 0.23% 17.60% 194,526 51 2.99
SHA| 16.02 0.61% 17.94% 384,826 100 2.87

F¥Y AHujd ol orH Ay Ql N, A7t eE, AYARE RS AR
2006 = 7|02 1315 7]9) AA|7FS 13,144 7k, A 71552 18.29%, A Y
AF-EF2- 190,300KWH R TEUY 2.75KWHE AF&-dl o 13235 7] 9] A 1AFA]
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b2 288417, AuIZMEELS 17.60%, AYAETS 194526KWHZ  TEUT
2.99KWHE ARgot @it of & Hatsh e A<l
2.87TKWH=E Ujebytet.

[¢] L = L
G $I3t opk e o] gL AU §L 4R F/bstel 8UIHY H97 B
Wo] upet gre Aol 2ulEu, o F 7] 20| wFobxlo] whah 21 du|ape] &
Erh 29S 9% /e oA EL U AYhuo] He PAE WU
i 395 WS U JIEHORIEE) HHIS

kRS 7] EH(eF7t £ )
73
212 2HKWH) () A2 H(KWH) ()

14 5,904 545,349 11,852 1,094

2 5,976 565,760 10,957 1,037

34 5,352 480,779 11,547 1,037

44 21,384 1,762,904 13,874 1,143

54 40,128 3,372,881 14,862 1,249

6 13,128 1,230,929 13,854 1,299

5! 12,264 1,337,424 14,527 1,584

8¢ 14,616 1,575,189 15,831 1,706

9 8,208 749,332 12,961 1,183

104 7,704 801,484 11,854 1,233

114 4,800 521,472 10,624 1,154

124 5,784 534,444 11,627 1,074

SHA| 145,248 13,477,947 154,370 14,796

Bt 12,104 1,123,162 12,864 1,233
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ch. M=ulg S3t

FEY AT AHn g et A AlE
gole) 45 TEUS Fat 28TKWHE ARgshl o, e
© 9 12,104KWH, ob7kz o] 7% 9 12864KWHS 2:v

< 3-10>
EEEL Y S
(KWHITEU) (KWH/Y) (KWH/2)
REPSHES 2.87 12,104 12,864
@ g
AelojHeujd o] {7H[E2 o=l ofEEY, YALHAR S5}
AR

7t of==2fel 7RHE|E
FoFg ABTI L 20068 #A) F 100 F Bee BEoR 3o ofs el
2 eogahi gou, FurelA A1 eld BIFE 1B4313TEUG o1, o= el
o] Hed BEFL 20STEUR ok= e 0lo] Heisfol el 8aFe] 164v) %A

FEAZRS FFA A7 9019470 n], JMEE B 41%, GRAETFLS
8.28A17t, TEUY i e Fat 1.01

<3 311> ok=3zel FRuIZ
T2 oz AR JamR TEUZ | A3t
AEA | B | e &% | s=
ws\| TV w | asw | xag
201 | 69377 | 2837 | 3908% | 74120 | 7.8 107 | 2613
205 | 74722 | 3071 | 4230% | 70970 | 846 095 | 2311
206 | 76515 | 3111 | 4285% | 78280 | 857 102 | 2516
A | 220614 | 9019 | 4141%* | 223370 | 828* | 101% | 24.80*
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L ofEEY RRHIS
20064 F4 o A g
%Hﬁ%&&wwH_W4ﬁ%ﬂiﬂﬁ%snﬂﬁﬂqﬂ%&%ﬁ&%%
e Eolu], A7tg Wt 6420 €5 4|

OfEEZo RFH|I2

<i 3-12>

TEAT 9 s E SRAEE

SR | FENGER) | 1RGN | $RAERW e
Z:H]ZH(LUHR)

W eE! W e,
501 616 8.48 3,888 6.31
502 605 8.33 3,415 5.64
503 709 9.77 4,845 6.83
504 540 7.44 3,595 6.66
505 1,105 15.22 6,950 6.29
506 967 13.32 6,220 6.43
507 1,121 15.44 7,245 6.46
508 1,058 1457 6,815 6.44
509 1,021 14.06 6,458 6.33
510 848 11.68 5511 6.50
511 825 11.36 5,480 6.64
512 878 12.09 5,680 6.47
513 974 13.42 6,272 6.44
514 998 13.75 6,315 6.33
515 805 11.09 5,240 6.51
SHA| 13,070 12.00* 83,929 6.42*

Cf. 2|A|AEHA FFH[S

TS A Y A LE A= 2ofolH, t ] FlEH oW E A=
AHE-ET A7F A e Bk 126,067TEUC| W, A7M7HE A 7HS 4575470 & 3+
2,288 7kof| 7} EEL W 31.51%0|t} A7 G HANSSFL 769102 H 2 U
a+ 6.30A17HS HsEtg o, TEUY S-S 4H| 2R 061882 A7 9o 16.81
2 EE aHgoh



M3 ZHOILHEDILS sleds+ % 24 27

(E 3-13) 2|X[2E}AH2| R7H|E

- o TEUY | 409
= y 1= 0] 0] i o = © =
B T | Asan | Aew B Sl B AR
; @d) | @)
301 80,248 2,765 38.09% 46,280 7.62 0.58 16.73
302 45,819 1,810 24.93% 30,630 4.99 0.67 16.92
A 126,067 4,575 31.51%* 76,910 6.30* 0.61* 16.81*

g
Rl S
T A FRHES Tt WY FRAGT LR FAeI of=A
1ol 45 TEUY Bat L0128 & AREshalen, of=E= ] 4% TEUT 0.63
2 e, 2 A LE A o - TEUT 058285 Avlslaltt. o] 2jeh TEUY ©hojaH]
Fo MO 2% LEH0] SRoNT AT dere] 444 5L
P2 vud 2 U
Boie ARioldel RRASE/TE
<3t 3-14> o9 2

== OFEEY 2| 2] 8 7|

FEAREF 1.01 0.63 0.58




4% ZLHQI olldXIHIS =2t Al 5 CHOK=
TEN

1. =Rl MUXIHIE E2& Ak

1) ECO-RTG
Siemens Cranes¥} APM Elujd & A28 RTG ETfo]H A AHL F= 7)ddl]
th. ECO-RTG AJA® oA mgo] wjf- wobi] Elujd 4o dash dx

AHE ZolA] H, o]% o8] 0@ WE U Lqu7t Zol5A =,
23]9) QA A2k 2] APM En] o] x| ECO-RTG Al S A% EAE 3
3}, sz 7} 50% ol4F Zrastolrh, ik ASA, QA v

& dREF 04 e 59 BikE e

Y
=)
P
do
)

<19 41> 2HQl YHA2tABe] ECO-RTG

2} & Kuilboer, R., Evaluating the ECO-RTG concept, Port Technology International, Issue 33, pp. 75-76, 2007



M4& =2 HILAHIE 22 Al &

40
o
i
g
FOl
=
i
=
e}
©

APM Elu]do| A= 7] RTG2} ECO-RTGY] A%< Hlashs A% o] A ¢

o 1A 45 50k vle) HolE AR 302 Aol E Aeishy
A

RTG: & 28.12]E 9 dR(A7tY 16.12]E)E, ECO-RTG+ 14.22 B (A (1Y 8
B)E 4ulshch o] AP /122 Bulde ECORTG Eefolu 4| 2go] 44
¥l 20019 RTGS whaedar 2006 ol 3 ¥z =Z#|elo] ol glch
A &Y< <¢l ECO-RTGE| AA| 45 dlol¥l«= tho] 9 ¢} ECO-RTG7}
A 9 Sk HYEPE U o] 7|7 &t ECO-RTG= AR+t 9.22]
o] AmE Aulslodrt 7]& RTGE: &9AIZM 16~252] €& 4| ic),
<y 41> ECO-RTGe ¢Z2H| 45 H0[E{(2007. 2. 20 ~2007. 2. 28)
RTG No. Total 2] Els Total Hours | Total Moves 2] E|s/Hour ] E]s/Move

56 1,252 171 959 7.32 131

57 1,342 136 1,067 9.87 1.26

58 1,551 178 1,249 8.71 1.24

59 1,984 181 1,636 10.96 1.21

60 1,620 188 1,500 8.62 1.08

61 1,915 183 1,217 10.46 1.57

62 1,347 171 1,207 7.88 112

63 1,290 165 876 7.82 1.47

64 1,683 177 923 9.51 1.82

65 1,887 178 1,327 10.60 1.42

SHA| 15,871 1,728 11,961 91.75 135

Wt 1,587.1 172.8 1,196.1 9.175 1.35

A} : Kuilboer, R., Evaluating the ECO-RTG concept, Port Technology International, Issue 33, pp. 75-76, 2007

9) SlO[HE|= Ob= E2E]

u]=+ LA/LB(Los Angeles/Long Beach)d}of| A+= slo] B g|= o1 #] 7]
oF= EUEZ AIF £ati out st lEﬂl “ﬂl
]

_(i)__]:
9% 9% JheF BAAA AR o 4E T, 0



WA Aol tha A6k AFAS F/45ha ek K, dhoHeE /4L EY

BY §F ZIHEO WS TS g% AT A0R A ofs Ed

o) 3 A A A ALY 50% o) A4S Ak B3], dolHel /)%
og o3

<ol 42> 02 LA/LBES| st0|H2I of= S

2} & @ Kalmar Industries, A hybrid terminal truck for US West coast ports, Kalmar around the World, No. 1,
pp. 16-17, 2007
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3) HIO|Q CJA oAg

vS eEnkge v Hulde Bl MES Folu 3F AFIH AW
FE3t7] Qlstel Adlolu] A AuIg ol SAulo] vl e UH AR AFS AR
Sk 2006 4810f B0l T 8% 20% SN AERE G4 el

Aol 2 2-5% ek 71 3 2 HES GA A O R Shfrfo] 50%71A] 5718
%At

51227 BudE 2006\ off 18WITEUS A 2] 7Hgste s 93oflo] A= M5A &
AT Eud A= E ]2 Edg 31, of= A2l 6off, HalEe odf, =
AYZE e FAHIL, ofF G BE7F ubele A drw Ml
Hro] @ 1 o AR AN A Aol &S Erh 2AFE U, oby 7]
T o LB RE TEo| A= Hpol e tAE YA of ek wpiE o]l Ao
I 5Be AgAAA AN A5 PN B3 712 A AR vho]
Am7b F7he W e o] AT Hrole t Ao HlEo] 1%t e Wit
i An9 W SE 65%71A AT
Puget Sound Clean Air Agency+ <=4~ Hio] @ T]A ¢lg W &3}
AR5 AHEshe 2bdo] Heo] gdkt fi7]ed W&o E
vho] 9. T3t £t vholo 08 WE AT euE ofr|a
Erebe s, ol AlslEae] W &S 10-50%y1F Zoiz

=
o
]
I

o3 Etmokgel AEHE Halol(ClR st SokEx &)

<14 4-3>

Zh& : Kalmar Industries, Biodiesel meets its match in terminal equipment, Kalmar around the World, No. 2,
pp. 16-17, 2007
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upol e TAo] LU ge &
LEAW 1AUE Yo Zhy)
wk31

A ARRHE RAGS WD Y o) s HF ASAE 1A AelA
& 53 Qe Hhol o Y AFOE Aa /40 WAEH: W gL /A
w8 F7h2 Q8 egde 9A Bo

4) Ok AMRI F7|PE
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2} & : Octavio solis, "The Role of Energy Storage to Reduce Fuel Consumption and Emissions”, TOC Americas
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Lt Variable Speede| X-&
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