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Abstract

A Study to Improve Port Competitiveness based on
Analysis of Introduction Plan for Automated Container

Terminal in Busan New Port Phase 2-3

Park, Choon-Hwa

Department of Port Logistics
The Graduate School of Maritime Industrial Studies,
Korea Maritime University

(Directed by Professor Chang, Myung-Hee)

It is expected that Introduction and operation of Automated
Container Terminals will be increased according to requiring low-cost
and high-performance container terminals. This trends are affected
from increasing global container handling volumes and scale-up of
container vessels.

Also we are expecting to increase Automated Container Terminals
in Korean container ports as well as Worldwide container ports, and
first of them are under construction in Busan New Port(Phase 2-3).

The first Automated Container Terminal for Busan port is
scheduled to start operation from 2012, and construction for

infrastructure and port facilities are in progress.
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BNCT(Busan New port Container Terminal Co., Ltd.) who is the
operating company for Busan New port Phase 2-3, have executed
planning and analysis to introduce Automated Container Terminal in
Busan New port. The analysis is focused for Competitiveness,
Efficiency and Profitability for introducing Automated Container
Terminal.

The major subject of this Study is to analyze as different angle to
the Introduction Plans for Automated Container Terminal which is
reported by BNCT.

In this study, the analysis for Introduction Plan is executed as
wide angle, such as the point of view by Terminal user or Shipping
lines as well as Terminal operators.

The purpose of this study i1s to represent efficient solution for
introduction Automated Container Terminal in Korean container ports
by analysis through business case.

This study includes theoretical background, the needs of Automated
Container Terminals, the comparison between Conventional Container
Terminals and Automated Container Terminals, and the consideration
factors and operation targets for Automated Container Terminals.
Also the study 1s carried out to survey operating cases about
Automated Container Terminals in Worldwide container ports and

introduction plans for Korean container ports.

The results of this study is as follows;

It 1s attractive to operate Automated Container Terminal for
Terminal operators or Investors, because it has profitabilities and
competitiveness by saving operational costs and labor costs.

It is not attractive to operate Automated Container Terminal for

- viii -



Terminal users or Shipping Ilines, because it is not expecting
significant improvement for productivity.

It may expect several beneficial effects, such as prior occupation
for new technology and accumulation for operation know-how.
It may expect several potential problems, such as precariousness for
stable operation, trials and errors in starting period, lack of certainty
for efficiency in Korean container ports, and incomplete verification

for operating systems and IT.

The conclusion of this study is as follows;

Introduction and operation for Automated Container Terminal is
needed more circumspect consideration and analysis as point of view
by Terminal users or Shipping lines as well as Terminal operators.
Also, it i1s needed to more obvious verification for technologies,

operating systems and information technology.
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ol 2708 Aoz e, A Aol= 655m, 4l 155mel o
Aduk oF - Aok ZAgI of=d o]Fe FAYOR AHEsta o of=
o] Aeloly A g F<20 RMGCE o] &3t Aso= AHsta
A

TMPE= 3l A deje] of=5 o]l&ata JARE 2 uj Ao A =
dA2 e} FAS FEHE FHeta o] FF SHdAEste Aol
g JAol Uk <F O-2>+ 9= TMPY &S vepdth

<E I-2> 9= TMPe A

T W&
A4 o] 655m

a S 685k m’
EEEE 5505 TEU

CC 69 (Single Hoist)
RMGC 194

N A 19903 o

A5 0 AEY F(2005), “AF3E Aoy ud A HFo ‘I AF7,
e =795, , Vol. 47, No. 0, p.64.

A7FEE PPTE <3 O-3>0A H& npe} o] AAzo]= 2267mo]

a1, WAL J0wkmiol ™ CC(+#-¢1), OHBC(Over Head Bridge Crane : %
?l), RMGC(+%l) & ol&ste ZHolY AAAFS Fdsta At
PPT+ 1993 FE OHBCS AGVE o] &3 253 Aeolyend 7

of A&HPot AGVE NBEHL FHA Eake] @A OHBCHS

_‘IO_



o] &3to] ZH Y A S Flsta dv= AAo|th AFste] it
Ao =aslo] AYstar glom <F O-3>& A7FEL=E PPTY A
L& YERATL

<¥ I-3> A7[Z=2 PPTY &3

T & W&
A4 o] 2267m
a S 807k m’
EEEE 2279 TEU
CC 229 (Single Hoist)

OHBC 194

RMGC 244

AGV 924

N A 1976

A5 0 A F(2005), “AF3 AdHoHEnd AL HFo] |3} AF7,
Fej & 799, Vol. 47, No. 0, p.65.

T3 HITE <& OD-4>8 o] HAZolE 3293moli, |32 921
m'el ™, CC(#91), RMGC(+91), RTGC(Rubber Tired Gantry Crane :

eSS ol&stel HHeYE AFska v, HITS RMGCe v
Huldah gy fFolAdu ol 4wt o FEG Heol|yE A - oAk & A4¢
49 E Yol Awt 5o m deste] 2AAar7t AdstaL, 1 o eo] 3t
M= Asom FAole Feolth watAd FF SHAE3E A=
of=gu W o] Fgu o] A stel] i @AAH HFLo] Bad Aotk

<% O-4>% &F HITY A4S depd

_‘I‘I_



<& O-4> &3 HITY d=F

T & W&
A2 o] 3292m
i A 927k’
EEEE 5505 TEU
CC 329 (Single Hoist)

RMGC 244

RTGC 924

N A 19764

A5 0 A F(2005), “AF3d Aoy ud AL HAFo ‘I AF7,
Fej =795, , Vol. 47, No. 0, p. 65.

S 2E s HEH o] HE ] E

®o

SdHA-Est AHUE M E 2 of= FAER ofyT} of=o A HAZF7}
Ao o]FAYd s Awsd AHOUE M EolH, dHATEE FFH L
de ZAeEoUEn YL ¥@#= ECT(Europe Combined Terminal)<}
% CTA(Container Terminal Altenwerder)E & 5 3l

g @= ECTolA 1993 AAHZE A 53 AdHolyE g
< DDN(Delta Dedicated North)© &, ©]3% DDE(Delta Dedicated East :
1996), DDW (Delta Dedicated West : 2003)Z #}5 3} 4 9& Fdjst

o & dHAol= 37Km=zA Huld R 8 e HdelA ol gl

A58t Au) D e e FxE st vk FA G A= G A u) A
Fejolar, FXF A 4946492 ASC(Automated Stacking Crane)

=) A}%%}L’ Atk AFAHEZE Double Trolley Z#ll& Abg-3hed
C/C(Container Crane)®] 3 #AdE& A3t 9o, olF4H <=
AGV(Automated Guided Vehicle)E AF&3tal ot of= & 74n<l
ASCe A% gude] gdi(DDN — DDE — DDW)gol uwe} 37 2

_12_



AE o] AA7ts GAF7 237 294 HoA dA 4@ o w ol
I B (Wire»Arm—Wire) = W 5 o] of= kA Al 7] ofsta
At 2 EE5E 1d 9 ASCE 7ssl2a2 ASC &4 A A dF

T 7t B7bsete] ARG Aol ALKHom o] FofAA X & A4
=29 2 (Rescue Crane)= FHatel #Ads Tt A7 HAdE =2
AeS FAFozRE 7pA 2 y2thE o] CTAY DRMGC(Double
Rail Mounted Gantry Crane)® 2] #}2] o] o]t} o] H2rd e 745 C/C
7b AEely ol e AGV-CCe g o] 2~7F CC2 Rail-spand]
of #jAlsta glo] o=zt &R folgk HFAlo] AU WA AGVY F
P2 AgAolojA AGVFHA A= wE H3A ZAE L
dlor & HaAo] k. 2@l ECTY A3 AR AL 37] gHud
oA JpEH o FPHL AR Al R HuES 3 @y o
FaL ot

19 2o 5d CTAE 19418 2@ Al&E vero] AFst dE o |E v

AW

{l

= ARAA"E Ee AE

R

O

o

9g A Foldh 1wAE 2002d 1149 ol EAAoz el
JERTE A4S Eiete] & euAelst 8l0moln, YH R T A
§ adae 45 Hd AEYL wolm Atk FAF WAL ©
A wAWolm, FAF LN 4% 1098 DRMGCE Agahv ]
9@ ECTS 29 3 o7k agel & 3% o @ ot 49 oA
g ol Aol ATk AREAEL To) v 2AHE AUt o]

© ECTEY r¥ AWz = 5 3t o
Back-Reach o}#fol AGV-CCe| QlEj#H o]~ o] 9AstaL 3lo] AGV
A0S T3 AY ApronZhe] AAA &
Fro= oy wo] A& Adow AddET
198 S4daE3t AdelelUend S txste 7H & 542 FAH

27} FAMARL o] oA ki Aelth FAMA FAY F2E &

lo

ol

-

A

e

[e3

-U



3. A&t AEolvEd e &9 An

(1) AGV(Automated Guided Vehicles)

9l o] FAHQl AGVE w3t A" olyE W dol A H¥ S AH oY
A A(C/C)o] Muro A 3Fdd A" olUZE C/C FHoAH AA3te] of
=389 stF7A olFeta, % HHolHe A= v B =
AA Ao AEst A HEHP oM AGVE] FR/ A= ol A
A Edte] AXE HHolY dY 399l TP(Transfer Point)7}A] o] o
A4 dede zH =" ECTS =< R3320 CTANAM AGV

T

2 $9 Folv FYPSEE AApglE 2L 6m/s, FHTIAE

ol

2
%N

1z

3m/sE FrAska dth

AGV F3 =9 g+ Closed Loop®2l(ECTH2])3} Cross LaneX 2
(CTA®2])o] lom Zzte] AgE AH B, Closed Loop W2
AGV7E et =89l e dAtel 2 AYstes WAoZ AGVE AR oF
A Ao A HAHA B W X (Back Reach) 9§ G704 A3 &<
FEE FPote YA OR HwE HA 3 B A7t sbeeA
Ha el AGV FIE Abo] o] 114, 23 o] Adute] FA] HAl AGV
Zduf =] o] of e, 12]al Cycled T A7 AdojA= @Ho] drt

Cross Lane W24]& AGVY FHF=Z ordzgele W x](Back

Reach)9d e shel A o281l Aol % ol Fetnz, ehsadqle) o %

=N lﬂ rlo

e,
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AT

of A gS
Loop®2 oiH] 40%

ulel

=]

A BFH S gl E

<19 O-2>+ Closed LoopH4 &

v

e

I, Cycled =3 A28 % Closed
o % AGV % =
AAA = 30% o] A

Jo] 1,

7

==

=

.

O o]

ds € B

A
A 2]

R

5o}

S - ol &

”

3 .
Mt E&3sk3) %, | Vol 51, No. 5, p. 9.

A

<y [O-2> Closed Loop

(2) S/C (Shuttle Carrier)

S/C=
I EE I

o]
H

A2 A o]y B ) o A
st 9o,
& TAll FsAR S/Ce
o eof==7glo]

) 7F AbEE AL 9
o-3>3 <3
WE YER Aot

=1
P

[e)

=

P

Heye 4

Nom,

o

I

AR Ao & Aol
of= =g ol
Romz AGVel H] 3|

[e] =] -
i) e

Fase g

(2003),

o) ok

LO?E']_-

o) 2

o7

O-5>= MEMe 9] %
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“AEsh AdolUEY &

25
T

7] o ol #A gl o]

Straddle Carrier
71 9] Straddle Carrier:= ZH o]y

ST}

ge A=

Ho

]

0] -

}\}\1__ 711;01% 7]-

o] 42

s A



(el ]]

AE o urE) - o] &3 - TAU(2003), “AHES AEUEHNY £ A
& FA7 Td@EEgE A, | Vol 51, No. 5, p. 10.
<oy O-3> A& AniAd

<% O-5> AGVE SHC #HHEA v

T AGV SHC
TT (=) 22.00 43.00
74 (m) 15.8%3.0%1.7 10%5.1%9.9
6.0"5s 8.7Ms
2EE
22km/h 30km/h
34 13.5m 10.5m

A7 ourEu) - o] &gk - FA(2003), “AE3 AHIUE MY £ AR
FA, TdeaEEgs 2, , Vol 51, No. 5, p. 9.

(1) Single RMGC (ASC, Automated Stacking Crane)

1709 of=E 2o 1719 AF A AASC)E 9= ot A
Az dxEs AeolyEndel uld@d=9o ECTAA 852

WA o ® 19939 391 over 2)9 FHE A5 AR E AL, 1996 =
719 FAASE A BHeste]l 491 over 3)9 FEIE EEglon
2003 el = ECT®] DDW(Delta Dedicated West)oll Tt A4k o] a4
® 591 over 4)¢] ASCE 7Wrsto] AbEshal Qltt,
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Single RMGC 42 253 1719 ada2 $9Fo2n Fu
BAe WA ot FABS Fakeh WE EE AT WP
of BAG MAT A FAEA A3 @ A AYWe AAHA

B el glome ofEae AAAel welAi vl i, g
]_

Geomy ofEAde] AW Fud Fybel gl
=1

il

AR 0 AA2004), A5 AdoUE I ATC FHALI2Y L 143
dA A -AFE ASAPND AdF-", st vaje

<29 O-4> ASC Z#
(2) Twin RMGC (TRMG, Two Rail Mounted Gantry Crane)
EE59 2719 TdAlo]= RMGCE ¢ ZH el Axel AXsta &

o] A 3 F(Waterside)oll Al 2t stal, o & stve 9 FEH9

A ska 2 g Yl F=(Landside)oll A 2] &= w2 o] o},
|

==

&9 A AT Aol dAsHA &

=1 +
58 77t AdAe ARAIFA AYTG Ao o) YRS
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A kol drE o] wAlEl Al F Ao &3 (Landside)oll Al 3 =
Aol @A A Qo= Ao ez e Ay luko]
2 7 gonmz AAA Ak dQlo] = Aol 9l

Hd &= ECTY DSL(Delta Sea-Land)E "] ¥ 3} DDE(Delta Dedicated
East)Elu]dol A HEFolx, ZE| 293 Euromax EHudo] A& oA
oy, = FFvlo]= RBAAE 2-3¢A AE3 A" olHE v o] o] W
2lo] AgE AFo U} <29 M-5>= TRMG ¢f=2d MEI=E v
Bl Aol

T - o7 - FAWR003), “AEst AHUEHYE £F MEE
3]

Mre) B dde FARE e Aol =7k 47 e 2719 RMG

how 3

i
&
il
J
=2
=
of
-
&
Mo
o2
ot
ol
rlr
oL
1>
o
ui
o
-z
H
o)
r o
Lo



AU FA7F AedoerA FE wAFYo] Jhesith. wEA =
olyf F5olM AAcol & Aol Aol LA F3 Al

EACl 49e AT £ gomz oksgy AWgel & ol

_1>l

oz HAAdnGo] golAa, HH Y A
obA= BAlE EXO] meAdo] "Wolxe ©@xio]l Ut

S99 CTA A-&3t deolUgudel X o] BAs AHFFolH, Ui
of A% 2Fd 32 Awst AdH U EelA A8 Aol <2H

O-6><2 DRMG =Z# ¢l /d=E et Aot

=2 _ S N, tﬁ:&" : e ]
a "'E‘tﬁﬂ".’f, s> .-

&4 1 (2003), “AH53t Aol dE v %Oéﬂ N2 S
EJQ A, , Vol. 51, No. 5, p. 11.
g O-6> DRMG Z#dQ /MY =

A5 wFu - ol @
i

_19_



A3 A=A AdEeldyHudy As3t e ol mE

wla - B

1. A2 Aoy End

FAGUE o] §3tel DHUE M YHOE AFHE BE A
M7k % gulelm, BE Agjel &AW AYA s AuolUE A
G, AuAsg w3 g9l ofs A FgHE Hud 4o

AA AeolUE I E o A Abgrol AF AnlE xzbsty]
wol Zdu HlFo] 40% Wels kA st lo] tiets] xw& #Holet &
T AL, AEA AAdAFgAC] =2 Aol & dHelda & F Uk
T AEolH e of= A EZF o= i el A Ado]l Ha

ol AAA Aelojygrde] 5 okt e aeAe =

3|
ol7] ole& dAHAd A Tk A A AE ol E v o

qe o
okl <% O-6>3 24,
<# O-6> A2 AeHelyynde 54

T = 4

i} FoA(HFA) Adely =Zd<Ql, F= Single Trolley W2 A=,
&7 n]

Rail-span°l] F=3=Z $1%]

o] A H] (A A) YT(Yard Tractor), #%(H A) RS(Reach Stacker) &
oF = | 2 (5 N) TC(Transfer Crane), # (4 A), SC(Straddle Carrier) %
oF= 3 g A ek 3] A

A5 0 HAYY 5(2005), “AHF3E AdHoluUEHuE i Ak #I A7,
e & FA7, , Vol. 47, No. 0, p. 61.
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2. A4 AeoldE ey} A3t e olyEud Ml

A Aol uEnd AF5 AdelUE Y (AT, FEA
e A7 Hold 5L AAL dol A4EH Ade UYL A
37 AaAE ode) A FwelA BAo] AaHojcl P,

WA B SweA AEs AU dn A Auel v
e WA, BQAR(FGA 5), dgol, of= FAWE, A4 A,

TEUZ A& 2o SHolA v - 24sind <2y O-7>3 #Zo]

|44

7 A 2ol ejn)d @ 2158} Agjo] L E{ o]y

AR AYY 5(2005), “AEs AdojdEud AL Aol wBad AT,
e & 7F95, , Vol. 47, No. 0, p.61.

<oy M-7> A2 Adelde gy 453 Ad ol de) v

<" O-7>cA B vhel #Zo] 95 AT ZE SHAA 53t A

Holdende] AAS97 ee ¢ 4 ok 2R of <® 1-7>3
2ol 7k Al@elA AAN BAS A AvE mw AARRN S A
= A5 AeluEnde] A £a9E ot & gm, AA T
Foulgd DA AAR ATE ARRY 27FAN Sl ol
A 5 5~9d AEW £Rshe)



= W Asst AeHelUEvd ] A AHCUEHYE Bty 4 Ao

=]
-
&L FAR F vk <E I-T>L e ATvivel AAA BA

<E O-7> =g A7iae] FA4 w4 4

4\‘—337]3& H]—%— ZHEH);} X}-%i}—
Al A 52} 100 1175
KMI
A 7F L) 100 835
o] ¥ Misubish A 2] 100 1181
3 A7 g 100 76.6
A7F ] 100 81.3
CCDoTT
el Hu & 143.7 77
A5 0 HAPY 5(2005), ‘A3 AdHolUE Y AW Ao B A7

o —

e
Fal &= F <A+, , Vol. 47, No. 0, p. 67.

Avfol v de] g o

Aeeldgndel s F2 A& glow, A= Ag3 zdH ey
Eupd oA &= i

1) 53 uA

Qg oz AAs Aol I de] A4 FemA by

[
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gael el sHe FHE TAH B2 BTk ojdd FuY:
o]t BA wol A ] A& Y AhI 2§ Wl
Fo

RTGC, RMGC, OHBC

ZGA A8 7] Wil EHES] Aol HTHAE FEI o] F ]
71 zke] Su7t s, E53 54 chwlayloe] A FAF
A=A AR Aeol #Hrt golstth 2y LG5 o] F ]
of FHFr 2 FYPFre] aste] FA o] FolEaL B o AR E
A ol 7hA 9 olF ARt Aojx = @A o] Utk

Ul 2 AAA o] Al A AeolHE R el Al YT(Yard Tractor)
¢ RTGC, RMGCE Abgste F9ulal 725 A &5t glon, oojzo

= WkestE F9Eal o= PSACA YT 28 3te OHBCE AR8-shal
9lal, PSAS o] wiabEste 9% 9= 9579 Thames Portell A &=
YTt A-&3te RMGCE FRW A A Agsta sy <ad 1-8>3
<E O-8>2 3 wizsk A Z12Ad 2 SHL ALEEE
vebd Aol
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7 |
P = | @
* = Efere SHEEET e
Z 5 - b g oty
¢ i "-'-r'lllll W=Q1L:]J=]H=H e
AE A (2004), “AHE 3 AE o)L E W] d 9] ATC TAEdRA 9 7H4 3
e A -F4d Assgnd Atd s, ‘6&% 3 ol gl BRALSE
9 =%, p. 36
<29 M-8> 43 #A
<E O-8 F3uxo 71270d 2 543 AEHnd
E )
) 3 F © J Q. B
Ty 7] B A o AEHrd
olE4HY =&
S o] HEAS . sy - 9] o
obu  Aof tj S e e T T |
sk WAooz A o] e oy
9 | sl £ § I FaFRto]
=3k 592 47t Elmd
WA HE A B wol st 4
. TG A=A 3 - PSA, HIY=
= FH b o7k Bt s
Fel wmE 9 TE %
el =&
AR ASA2000), “AFE AHOIUHIIE ATC $H 292 U 44
g de N g AFsEvd At sA -7, e o) st vhaL g}

der=o ECT Adoluemdeld AGVS ASCY Agoz A&
AgE e BEolt AEE oS4 AGVY A9 ¥ o5&
ol WE oA bk AHolUe 9N . ZYPS 9T ¥ AP
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el FE3 2 MRl UE ASEo] W] o) g
JEAZE U ol 5AM AGVS o] FARE Fste]l AAL 9
42 Zol7] AaM tehd BSux 9ol

ol @ FAuAE o REY W AGVe HAF D FAT] 7
2o gEde] 950 BHAels NAFY W FYFo] WA gl
of Al HAA FHHoE FABXHE WA A$T £ Ak 2

1_ ASC =+ RMGCH 59 3}
g om FHu Ao Bl =5 iAol "Hojxltk g HEH o
A2S 9% Waterside TP Landside TP2] =7} A g4 o] o A
A Al AdAARJD AL FAE AMA AEEGE A EFo =

AT ZAEA AR Frh wEbA o] gle AEE o]gste] EF P &

= 5299 Aoy A=A (Remarshalling)S E38Fo] AAHA skAF
of

rlo

Zup ol Aulel walA A fAA o] 3

= o a2deEz oy d AA=APN Y A 55 3 A
JHste] ¥e3tE Aol AFEHEE AP e] A ow o H
A AAACR AR Fx2E A&eta e AHoUH IS vdd
=9 ECTS = CTA o] . g dA 7id S dda=9
Euromax, ¥ 7]l 9] Hessenatie, Z18|3 =2 F3 34 Asst 7
glolqeind % FAbAe 2-39A AFs A olvEuE oA 54

WA x5 A48 A g el
AAl ECTolA+= AGVS AEstel ASCE AMg3tal 9low CTAd
= AGVEE AHE3stel ATC(Automated Transfer Crane)E AF8-3hal 3
o o dA i Fo ulg =29 Euromax, ®7]ol 9 Hessenatie®}
SEutete] F¢ 394 AE53 AEoUHMEE AGVE AHEE oA
ojt}, oo} o] UdWrH o AGVE At&dte EE w3t AH o YH
< ol FAAH D AGV e e RE= S olFFrE EHsto] A
+8e dEststy] Hste] FAMAE AMEsta v <a2d OI-9>¢
il

9> CTA A3 gry zg=s #4019 784d 2
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A5 oakbEaE] - o] &3 - A U(2003), “AHE3 HHOIUEUYE oo L
FA,) "THaEEs3 =, Vol 51, No. 5, p. 11.
<29 O-9> CTA #A53 Hujd x7t
<FE O-9> FAwAY 7]27Md 2 57 A8 ud
1 IR 57 3 3
- 1= A A
:TLL. 7]L7HD XO]'@ %Zé _I%_Eiula
rHALI RS
Hske] WE ol%
Anle} YHREZ| - AFAdo] 2| - ECT, CTA
ohel v Ao o ’
ol A RE Egsl ASC =X RMGC| - # %3 394
F2 | st A g
o EYY wE 939 Fg9Ago| 2z, vdd=
vl x| EE Y 5
- ol Fxuje]l  3A| 2 £E59 Adol| Euromax, 70l
=
: Tk FPFg7ro]| HolH Hessenatie 93
AA Q=] A
T BT =S
A5 0 A4 (2004), “AE3 AEHIOlYEEE e ATC s4&9=22 92 7H4d 3
@ MY -FSY AFseEng At FA-T, S sta vkARs)
9 =%, p. 38

1998 =7FH=
ER

7 e o] | B 1]

VNEo 2

EEa!

=M E 5%, 7HAst &
=
o

EREE DEEE D

2) ¥FT 5(2000), AAA, pp. 340~343.
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WA T FARZI RS 20006 ~20051 o] ® 2006 Eofl s E A=
A A v gHel A BAHL B E,

o Hg2 7IeAA B AR g 5 AFS] 7] REA]AH G, ]

fu

1) Wl gol g A ¥
(1) Ab8] 7)9EA A v g

A AeelUE ] do] ek A3 ZIWtAld 8§23 I 197 4
g2 VIeor Agsia, Ass AeoldE v de] i 7ut
Al v g2 B 28A EE 39 AdS 7o R AEsdnh &
<3t AEolvH v a3 Afa AeEolHWEud o] ¥ FRo] tE
BAZ Aes AHolHEE A FAHI G0l By Frhsl= S a1 st
(k. =, AHTAR G A A AEHoJHEHR 2 9359 Ho =z of 4T
| Asst dElelHE ) d S 12529 9o= AA A

o] del ARt WS Wb A AP VIREAIA ] e E = WSS AE
3 AeolvE e A 45340 doem A HEHJHE
4,191 el nls o Ao o guddtt. < O-10>2 A}
3 7IWAl A FAR S-S e S YERI
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<E M-10> A3 71WAA FA 9 e
) c kg

Unit price | Unit price
Conventional | Automated
Process Unit Q'ty | (Kwangyang | Applied(Price
Terminal | Terminal
Phase I) |inc rate 5%)
A. Civil Eng. Cost
1. Quay m 1,400 65.7 84 117,392 117,392
2. Embankment m 5,272 2.4 3 16,149 16,149
3. Dredging/Reclamation| 1000m’ | 2,428 15 19 46,792 46,792
4. Ground improvement EA 1 73,234 93,467 93,467 125,246
5. Road pavement EA 1 16,677 21,285 21,285 23,839
6. Water & Sewer EA 1 13,217 16,869 16,869 16,869
B. Construction EA 1 16,958 21,643 21,643 21,643
C. Telecommunication EA 1 18,211 23,242 23,242 23,242
D. Railroad EA il 48,795 62,276 62,276 62,276
Total 419,115 453,448

g 0 %A E 5(2000), TA Study on the System Design and Operations of
Automated Container Terminal, , 3= 3l k2712, p. 343.

(2) & =9 v &

dule] e 48 gHujd e Fastta AAEHE el A
AEojof dtar Algdlold e 7B WRor AN A A
Hloldemd e 4% 243 197 BHrdS 7IToz stof HA 9 &%
A el A et =

T ekt Anl = vt B AT 371 AA 12719 C/CE AHA
sty AE3F Ado]UEu]E-2 Dual Trolley System2 #-&3Fx A2
ZAd ol HE g+ Single Hoist System2 #8399 th o]+ Dual Trolley

WA C/Ce) &5 RES BT AT B 5 AL @U@ Aol

J
1
al
ot
=,
z
X
o
=
lo
of
i
ol
i)
32
)

dlo
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AA I k=3t o] FAH = Aw3t HAHoUEWE Y A9 AGV 76
7b Basty, Qg AHoUE M2 of= EWUE VL st ey
mxdAdy =3l APL300 HWde] AsolA AFA7 vkt Zo] C/CHF
8 o] Y/ T APEEA Fdo & =wol HA F=ve A
etstel C/CF AW 7THE 7o o of= =
714 A = Sl o

RMGCE #A&3t Adolyende] 49 159 594 Aul7t 285w,
A Aoy ud e Afol= 99 5w Auzt A8" Zloj. &
o 2bE 3 e oUE ) del A 85 = RMGCE theFe AA 7 A zhg

A3t AeE el Hujde= F 22719 RMGC7F S 5™ o5 177]
v deEeoly FXAge] A5t H wE Y Aol +9dH 5 AE
S 9l wddu vbd, g AEeIUEuE e A F 49719
RMGC7F A 8%™, 46717} < Aet B & =) 2ol 3592 A5
dol= 3717 &9 9

A3t Aol Eudel = ME F(Z2)dE ol AYAHE i}
A oy, A AEHolHHudY AFgds T oY HYE A
& T/H(Top Handler) 57] ¥ Chassis 107]5 B =2 293}

g s Adolygude] A& C/Ce A e olyEudo A

48 C/Ce 717 Atee] b2 #AZ =47t Ee b2 4§
AE 3t A"olUEude] HEd A= 1298Y & 140098 7o
&= AZARe] A A TEel 2] FAvAS A, AU dEHeIY
5, FAbg AaA A A A
= 7o FAvtAe AATd. 2da C/Co of==addd

A
o) FYPF-Fol Uiste] & WEZE meste] 12T 9009 A 1,400
3}

ol el AWt VlEe A&t AH =l Fadd F W&

flo

, A5 3}
AdolHEnde AS$ 22579 o= AHA AdHoHE I E Y 1,987
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Aol e de] G EgH &< el Zlol, <E [-12>& Ald4 2

BlolHE r o] | =90 H)

<E -11> A3k AeeldEn]de] =&

o ek
Price Total
C/C 12 8,390 100,680
AGV 76 420 31,920
RMGC (Yard) 17 4,200 71,400
RMGC (Railways) 5 4,340 21,700
Total - - 225,700
A8 %A DT 5(2000), "A Study on the System Design and Operations of
Automated Container Terminal | , 33l <212, p. 345.
<E O-12> A2 Aeeldend e n=ing
ol : wel
No. of Units Price Total
C/C 12 7,630 91,560
Loading/Unloading at Ships
- Y/T 34 80 6,720
- Chassis 84 13 1,092
RMGC (Yard) 41 2,200 90,200
RMGC (Railways) 3 2,200 6,600
Work with empty containers
- T/H 6 400 2,400
- Y/T 7 25 175
Total - - 198,747

g 0 %A T 5(2000), "TA Study on the System Design and Operations of
Automated Container Terminal; , =3l <212, p. 346.

A A Aeoluen g e AEs AdoldEYEe A4S AGY
g2 g8l duAlA Aade AAstoof sm, AGY FaAzd 9
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2114 4 2] (Transponder) & A A stofof dvh. 123 z2s3tel Hdd
|2 tUEd 2ol oA "ok o diH Aol Aol Hag v F849
YA (AGV 30set(l unit) T 289 1, F3unit Z2), A A2 = AX]n]
4 F 369 46G0THY X 7,200sets)

Wetd A5 s gdn vee F 1200 9o daa
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e F FAALWS 9 AP WddS ECT A5 Ad ol
Yendel Abalol A Q4a T ECTe Adol 2w, 127]9 ASCe
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@ Pad Ao Uelth BCTe U@ A4bga o 227] 9 RMGC
o} 76719 AGVE TAE AFH Aolvende] 44w 2Wel F

Aol BasA At
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Processes

Automated terminal

Conventional termainal

+ Loading/Unloading at ships

+ Ship-yard transport

+ Trucking in yard

+ Railways service

+ Work with empty containers

- System controllers

+ Maintenance workers

70x6p=420
52x(1.5p x
3teams) x 12units=2,808
37x(1p x 3
teams) x 12units=1,332

Engineer :

Equip.operator :

Assistant :

Engineer @ 70 x 6p=420

70 x 6p=420
46x(0.5p x3teams)
x 15units =1,035

Engineer :

Maint :

70 x 82p=5740
39x 124p=4,836

Engineer :

Maint :

52x(1.5px3teams)x
12units=2,808

Equip.operator :

Assistant : 37x(2.0 x 3teams) x
12units=2,664
Equip.opr : 40x(1.3p x 3teams) X

84units = 13,104

46x(1.3p x 3teams) x
7,335

Equip.opr :

4lunits =

Equip.opr : 46x(1.3p x 3teams) X

3units=538
R/S eng : 46 x (1.3p x 3teams) x

6units=1,076
F/C eng : 40 x (1.3p x 3teams) x
Tunits=1,092

Maint : 39 x 119p=4,641

Total

17,011

33,258

P

T 5(2000),

oF
[¢]
Automated Container Terminal; ,

FA Study on the System Design and Operations of

_32_
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9w AR AW FUABAZL 5 AT Qo) Aulel Ao
93] gastolor Bk 74 gule A i dmiu P hE A

o2
=

du 8o AAel= w=e] FuAMd A AAGAA JWDe A
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C/Ce A FAztE AT A 3 AgedFd Adw AAAES 7
7

=
A3 2Est deeldWE v E e EHu 7L A ZEH o] |E vd
vlo el 13% 7hg W& A= 24 FH 0.

Aul g Ao gigk A H| &2 UNCTADO A Algtsl+ vl &of +

Asko] 447 59k
Asst Aeol e LY W 7k fANELS 1429 Qo A Aw
oy E M del 1329 ol Wla] ok 7% AR k& Ao eyt

Z7pgzknl o] A V=2 Anle AAY AFEAdES FFxse] AMA
oz Aule] AA AFgAFS C/C 20d, RMGC 204, Y/T 84,
Chassis 830 & HE AT <F O-14>= AF3F A oldenda} A

A Aol yEnde] e wuARE e Rtk
3) 1983 11¥, | FFAit5 A7 &

_33_



<& O-14> A3t AHoldEndat A4 Ae o]y de] &y

1:]]_3]7_
chef Rk
Annual use(hrs) | Hourly power cost ($) | Power Cost
Conventional terminal
2,882
Cc/C 41,176 50
4,503
RMGC(9 rows) 214,414 15
4,358
Y/T 288,2235 10.8
11,743
Total
Automated terminal
3,304
Cc/C 47,200 50
2,376
RMGC(15 rows) 80,822 21
4,496
AGV 297,360 10.8
10,176
Total

g %A T 5(2000), "A Study on the System Design and Operations of
Automated Container Terminal | , =3l <2712, p. 349.

Notes : For the hourly power cost of AGC, the power cost of Y/T is used,
as engine driving forces are considered as same.
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A1 9= 253 Aol HEnde] &3}

SdEds 2H 293 ECT #Fst AeHoldEnd

ECTE FdolA 744 Adste 2R grdFe sz, 19661 A

W oolF BT AFS ALste], 22y Fue] ey BEF

2E FAY AL 95 FdHsta glon, ol &Y 1E9 FHEA
Al2~8lS W H3ta 9t} Delta Container Divisiono] &= 2 E ZdH o] ¢}
rEaAldoe]l HAHoz HAs o dojA Huld AA7ZE 5% WS TF

(BEA], # Y, ==)o Slo] Bme&A M 84, A A ol i
t. ECT= A3t delo]yEm el el oju o dFE 2AF3ste] I

AE AT AR S AEHH 0w Fxlsto] g, A= A
kel st S we FAE Gt Y. ol g FA=m
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1984 d e #%=Z Two TrolleyE 712 ZHoly =g 913} Multi-Trailer
& Ab&3t= DMU(Delta Multi User)E 707eh $ 1993 69 Hx< ¢
A 253k ZAH o] EHE ] DDN(Delta Dedicated North)e] 7H75] 9l o™
o] 714 AGVe} ASC(Automated Stacking Crane)”’} # S0 & A& 5 2t}

Loz 1996 DDE(Delta Dedicated East)E 7§7%3Far, 20004 ol
DDW (Delta Dedicated West)& 7H7sto] F® o] 3400meoll <dz7F 250%F
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80~90moves 2

A7 H&

9w DDN, DDE, DDW ¢

it A2

AL A 7FE 26moves FEolth. ECTY FoAAAZLE <3 M-1>3
2}
<% I-1> Delta Container Division®] A2 &3}
T 2 A d38
2] 2] 2 (2000) 330" TEU
Hod 59 4109 TEU
= v 254ha
3.8km
ok 1 7 o]
Max, 16.65m
A
/e Post-Panamax+w C/C 259
(Second Trolley System 10t])
2000 A 2] = 1 990,000TEU
Huogd 53 :650,000TEU
upx] &9 =12 : 7.2ha
otwl o] : 0.4km
Hhx] g =g el 57
2000 A dE v d A% 365000TEU
PRI f':ﬂ%ﬂ a8 @ 900,000TEU
WA : 11.3ha
4 rail crane X+
- S/C(35t) - 759 C/T(12/16/40t) : 20t
YT @ 279 C : 1159
o e oo FMTS : 487 MTT : 120%
e - 28m¢] #FE Ro/Ro 41|
- AGV @ 1529 ASC : 80t
- ASC(manual) Rescue Crane : 39
RS 2,440t 9] WE A
ZH5 0 HE4(2004), “Hdo AFst AdHoYHAEYE CTA 19 990 F+=
A wF”, TG, g kAR, po 9.
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A A AR o] s ko] A g
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A5 Euromax Terminal(2002), Zermnal Design Avpendix, p. 3.
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<% M-2> Euromax T2 AE 7|34

Terminal| Commercial Phase 3
testing|start terminal FPhase 1 FPhase 2 Full terminal
start Start Start Start Start
Date
-6 months +1 year| +3 years| +8 years
Operation
Berths Deep-sea 1 DS 1 DS 3 DS 4 DS 5 DS
Berths Feeder/Barge 1 FB 1 FB 4 FB 4 FB 5 FB
Equipment
Quay cranes 3 5 12 14 16
Barge/feeder cranes 1 1 4 5 6
AGV's(estimate)” 24 42 96 114 132
Rail Cranes(RMRC) 1 1 2 4 4
Stacking cranes(ARMG-10) 12 20 58 92 92
TT(WS+LS) 6 8 18 26 28
TC(WS+LS) 39 55 126 172 188
ICT-system
ERP Operational| Operational| Operational| Operational| Operational
Container branch suite Operational| Operational| Operational| Operational| Operational
Process control software Operational| Operational| Operational| Operational| Operational
EDI-links Operational| Operational| Operational| Operational| Operational
Infrastructure
Quay rail & pavement| Length |At least 600m|At least 00m| At least 1500m | At least 180m|  2400/2600m
Sub stack lanes Number 6 10 2 46 51
Reefer plugs Number 560 708 1888 2832 3186
Rail terminal Bundle 1 1 1 2 2
Tracks 3 6 6 6+6 6+6
Length 750m 750m 750m 750m 750m
Gate Lanes At least 2 8 8 12 14

A& @ Total Soft Bank(2007),

2) AE st A" oHE A

ot $ o4& Twin Lift @ Dual Trolley %49 Post-Panamax+d ¢HH
Aot 1A 7500TEUR o A FE 294 12500TEUR <] o] &
=

=
=
15 K PN E Sk

hus

T'?T oé ao} Al

>

"Euromax Project Summary; , p. 10.
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ohat A Abel o AHoIY o4& AGV 60HE FYFE AoE
Agetn gk o= ege BEY FPsol= 279 ckEdgulE F

of=9] WAL 250haZ A 194 52ha, 297 78ha 18] 3¢l 120ha

7V A4 24d Algeltt. <29 M-3>2 Euromax Z1H ol H W

e | - ==
!E; Srassh Aggi

A7 AA2004), “A53 A YEHMEe] ATC 4922 % 7143
S A e AEHENL A A, A G vl

jzjzu

=, p. 17.
19 M-3> EBuromax ZHoYErEY EFAA 5%

A

3. 59 3R =233 CTA AE3 ZAHoygnd

19979 59 FREaAL FUALY P4, FUANZE An D g
FALUG) A7 52 A A5 AdoluEr R AN AHg
th A% 5 AdelUE v WAL 2ol AA AH A, A
g EEe 12 Aged A ok 1109 TEU, 22k Al 7bA] oF 199%F TEU=Z
aAsgor, 2002d 48 FALIS AFT dFolgot SGA~H

A3t 2ol AdE @A WA AWEd e 7h A
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40% 3. ot
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7HE 2 9 A2 HHLAE & 3l
1998 3 19991 el Hmd AAA G oA 2002 194 AFS
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<& M-3> CTAHU L &AYE Ad A

2 A

T () 1A 2% A Al
k= Z o] (m) 840 560 1,400
P Ae o] 2 2 4
obH o o v A 1 1 2
A 2l 2 (TEU) 1,100,000 | 800,000 | 1,900,000
k9 % 9 (boxex/year) 750,000 | 450,000 | 1,200,000
empty Al 9| 552,000 | 219,146 | 771,146
2AE3 E5F 9 10 19
=g o A (m') 253 WEEEST 2 1 3
empty ¥ 30,000 80,000 110,000
T2 o 112,500 | 112,500 | 225,000
= o] Y (TEU) 15,000 15,000 30,000
FA 59 FA 59 A% = (TEU) 975 975 1,950
WeZEelas 1,100 500 1,600
39 300 170 470
HE EEd 7 6 13
b9 =7 J(C/C)
SR=R 1 0 1] 1=+ 2
AE 5 k=9l 22 22 44
AGV 35 °F 25 °F 60
e 2wl 3 1 4
SR Y EdF 700m 4 °] 6 0 6
g A 2 0 2
¥IAYZE EHY 3 0 3
Hrd EdE 8 7 15
A A 100 100 100
E9 AF A4 43 43 86
saw A 71 ()
TEU/Box4] &
X (Huld/F oA A) EXE)(FRrEIA
2004. 4 o178 |2004. 4 1A
N ad 2002. 6. 24
(9% (9%
pi=S T. Koch(2003), ZExperience with Zerminal Automation -~ 7he
Container 7Terminal Altemwerder (C7TA) Hamburg, TOC2003

EUROPE, p. 10. ; T. Koch and J. Soergel(2004), Zhe Container

Terminal Altermverder, Ports and Harbors.
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Number |RMGC Orientation|RMGC Type| Transporter Type | Automation
1-Tender| Perpendicular Twin S/C RMGC & S/C
2 Perpendicular X-over S/C RMGC & S/C
3 Perpendicular Twin S/C RMGC Only
4 Perpendicular X-over S/C RMGC Only
5 Perpendicular Twin T/T RMGC Only
6 Perpendicular X-over T/T RMGC Only
7 Parallel Twin T/T Transport
Automation Not
8 Parallel Twin T/T Feasible
b5 0 FARRE Al AE ol e E () WFAE. (2006)
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Layout & Stack Capacity
- - A - -
Nurgfber Block | Block |Nominal | Design :’[:gi: :n(jdtl).,/ Em/nt y Max Static /:\_lglftgsc Average Max Annual Ei?::g
Orientation & RMGC Type Length | Width | RMGC | RMGC ; oy Capacity P Dwell | Average | Capacity
RMGC | o0 i) |(poxes) | T6s | Tas | o [ 99 | ©9C | “reyy |PERMEC e | occupancy [(rEw-ooes| S
Blocks Cap | TEU | TEU Block Y pancy Parallel

Perpendicular / Twin - 30| 30 42 9 | 11,340 [11,060(48,830| 4,648 | 8.69% | 53,478 1,783 5.75 | 75.0% 2,548 5.1%
Perpendicular / Twin - 32| 32 2 9 | 12,096 |11,816(52,178| 2,508 | 4.59% | 54,686 1,709 5.75 75.0% 2,604 | 7.4%
Perpendicular / X-Over 29 42 10 | 12,180 | 11,880 52,440 1,738 | 3.21% | 54,178 1,868 5.75 75.0% 2,579 | 6.5%
Parallel 28 45 9 | 11,340 (11,187(49,608| 1,287 | 2.53% | 50,895 1,818 5.75 | 75.0% 2,423 n.a.
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A

7F. Q/C : 64.68%9 ¢
1. RMGC(Twin) : 24.02% €
t}. RMGC(Cross-over) : 25559 ¢
2}, S/C(Automated) @ 8584 €

w} S/C(Manual) : 5.722 9
v Y/T @ 0.829 ¢
4) AH] F99a9 AkA

e Y AHA L 32w dle] wgiwAlsS V|Fow Yo,
b Aud al o) ¥ & (Relief factor @ AH] s Fo wWE FAAL AFd &
Q35 AN L) U FAX A (Flexibility factor : A5 3 w9 7%
1% AA7h theel guls EASl Monitoring $Oo2H A9 F
e nd 4+ e M)E Agae 2RSRAG. A gAY 2
A W9 <x NV-3>3 2

<E N-35% L9 44
2 o ="
2] H] 11
o1 ¢l (Team X Relief f. X Flexilibility f.)
Q/C 45 3X 150 X1
RMGC 0.8 3 X 133 X 0.2 Remote

S/C(Manual) 3.75 3X125X1

S/C(Automated) 0.4 3X 133 X 0.1 Remote
Y/T 3.75 3X125X1
A5 0 FAake Ad AdHolUEHuE(F) WE AR,
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HAx EGMAF 10359 202199 TEUR @b 1171728 €9 A
o2 AAHdE <& NV-4>+ TEUD od4da7ts yepd,

<3% IV-4> TEUY A&7}t

CPI Inflation Revenue per TEU

Year

Growth Index (KRW)
2005 2.71% 1.000 68,100
2006 3.5% 1.027 69,939
2007 3.5% 1.063 72,387
2008 3.5% 1.100 74,920
2009 3.5% 1.139 77,542
2010 3.5% 1.179 80,256
2011 3.5% 1.220 83,066
2012 3.5% 1.262 85,973
2013 3.5% 1.307 88,982
2014 3.5% 1.352 92,096
2015 3.5% 1.400 95,319
2016 3.5% 1.449 98,655
2017 3.5% 1.499 102,108
2018 3.5% 1.552 105,682
2019 3.5% 1.606 109,381
2020 3.5% 1.662 113,209
2021 1.721 117,172

AR RAg g Aol U E(F) PR,
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<E IV-6> #n] Z=<dH]

Hlatel] thEk 24 AluEed AR

Scenario 1 2 3 4 5 6 7
RMGC Orientation Perp. Perp. Perp. Perp. Perp. Perp. | Parall.
RMGC Type Twin [X-over| Twin |X-over| Twin [X-over| Twin
Transport Type S/C S/C S/C S/C T/T T/T T/T
Transport Automation Yes Yes No No No No No
RMGC Blocks 32 29 32 29 32 29 28
Static TEU Capacity 54686 | 54178 | 54686 | 54178 | 54686 | 54178 | 50895
Max Thru-put Cap.(000s)| 2604 2579 2604 2579 2604 2579 2423
Equipment Fleet at Full Build-out

Quay Cranes 14 14 14 14 14 14 14
RMGCs - Twin 64 64 64 35
RMGCs - X-over 58 58 58

S/C Manual 42 42

S/C Auto 42 42

T/T (for vessel ops) 70 70 70
Equipment Acquisition Cost (2005 Real, Millions KRW)

Quay Cranes 90557 | 90557 | 90557 | 90557 | 90557 | 90557 | 90557
RMGCs - Twin 153709 153709 153709 84060
RMGCs - X-over 148190 148190 148190

S/C Manual 24037 | 24037

S/C Auto 36056 | 36056

T/T (for vessel ops) 5723 5723 5723
Incremental IT Costs 6000 6000

Total Equipment 286322 | 280803 | 268303 | 262784 | 249989 | 244470 | 180340
Increase vs. Scenario 7 105982 | 100463 | 87963 | 82444 | 69649 | 64130 -
Machine Reduction If Using 2.5 S/C per Q/C

S/C Manual Machines -7 -7

S/C Auto Machines -7 -7

Capital Cost Reduction If using 2.5 S/C per Q/C

S/C Manual -4006 | —-4006

S/C Auto -6009 | -6009

Total Equipment Capital | 280313 | 274794 | 264297 | 258778 | 249989 | 244470 | 180340
Increase vs. Scenario 7 99973 | 94454 | 83957 | 78438 | 69649 | 64130 -

AE S AF AT A

_80_

JUH M (F) WA=,




A

Ao o
R I
Jue] Qof] A2 of A

7FHA

wm = 1r
= 7 o T
o o T R o =
— ~ X ! To
et Fo) X 0 <
R F o TR o W 8 =
R w B E T RTE
-~ © 7 Yo m =X e o
| TR pa £y X _ T e B o o o7
e R o w0 X I X - ° H}% ey
o m° JU. = B mi o X e o) =
o o™ do T B = o= oo M - B
S 30 - & o] m I T ° g X T E
% R odF g LR :
w g WS AR o= O o - 2 T T g o
w 1moﬂo_ Moo Qﬂ&ﬁ @_@noﬁe e
. T 8 o = Do N o o
ad < g M w2 ol 4 TR T do = i
= ¥ % < N~ T i = U e o
1= = N NB 5 = ¥ o N om o <o > 63
Ll #i@.ﬁ@oﬂﬁuﬂ e
5 41%3@ o) FRor N o™ =
ﬂmuwr.ﬁoaggmo Wi * iﬂﬂ%gl%
To = O (NG iy e ~ o T o X° o] & o =< mw o or
o o ,MM ) o T =~ 4 {+ Jw_ 3 m re 2 - = ) W,._ Bo m
il E] T K2 CINC P o D SIS T o oF e
= Ho W o= of ~ o o= m° in i Ao o N = ) °
%o T — = s o 5] ) A — = =0 T o 4
T Tﬂooaﬂ Oﬁ1¢oo@ }_s%gﬂ
ﬂ&i%/lA%%T%ﬁaw 114%{%11%
) T o AT 'S X ° . —, mo X o 7L O_L . ~B O~H OT._ N © N
X — _ _ ﬂ_H” ﬂ.uu” o ) O X .TUL ,m A o 0 ﬂ_l JU/l_\_ _ O_” %
,mnmana%mﬂjz%;oolfn%mo uo%ocﬂ_&o.%o
= Mo E° ° W {L s RO p = . L A5 = T T O M. NE M
‘|~l T ZO e r .
I = o T i RIS ™ o B & O R
T o o oh o = — <" e b 3 g WS M) o el I R— =
ﬂoﬁlﬁfg};]yyajmo1@“% = =
Moo= = S o ™ T mo B m AR o o = o op 7 %o o T ™
| foac foxc — —_ X —
o le%mo%ofqmmw@lngﬁ ilowzao
o P ol R of) o o T 5 — W o 2 o~
T XX o = Q 8RN 5o e N~
io — .AO ﬂAIL quE [\ T ,M.AH m G \EE LK S 7L 1E| LL Oﬁ ﬂ 8o :i
ko] ® T o LB ~ M HL o S o T S o} )
o T Ma T = R Mﬁ SR r N s 1ZM «,b T ” o) ‘&M N ‘M#
- e r -~ X o) Te) fonc n 0 < (1l f X
TR @ oo T m " oo o N oo M T < w X B K
e - = T oo o= O ° R J
- 5 = WX > o = N | W o ) AR
o T o9 m = =T o W O ~ &
W TR N W2y X of ? W o
T {N%% Arnﬁﬂuﬂ
o’ vz ~
o N =T n X m° m._M M%_ |
= X K 00
X o = of
X Jh.uﬂO
B

- 81 -



™

~
o

)

Gl

oo

N

]
oy
Ho

3l

X

N

ﬂ.o

4

o]
<

=0

T
OO

B

<
=0

o

o FE AAT Y/T &

AAMZF va =4

af

el v

ki3

b gulel vl 45 3}
7 161

)

o=

TZ9 Twin ¥+ Cross-over RMGC

A}

(o3
Sai

2

1599

i

|
S

Bl

vl A= o

ol

o

Joll B3] °F 109 ¥ (4.7%) 7t

uol— Al

3

A% 22 YT &8

1]

Hjj =] o]

]

NI

¢+

]
<

o

RMGC?]

o

o

e ghd AFEHE 9

el

o
~
T
ol
/\

e, <E V-7

=
=

Al wlate] thgk 74 Al

_82_



250 20
10 -
0
200 220 212 ||
4 20
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@ _/ 40
[ 103 101 e 53
100 e
4 -80
50 S—
100
109 -11)/
o 120
1 2 3 4 5 6 7
= RS A iba
AlLtel2 !

—e— SEuli x| ool S2roy

Am oo B 2 Aol UM A(F) YA,
<y V-3> dzb A8 vl

<& NV-7> o1zdw] wjate] digk Z Ay el AU

Scenario 1 2 3 4 5 6 7
RMGC Orientation Perp. | Perp. | Perp. | Perp. | Perp. | Perp. | Parall.
RMGC Type Twin [X-over| Twin [X-over| Twin |X-over| Twin
Transport Type SC@25 |SC @25|9C @25(SC @25 T/T T/T T/T
Transport Automation| Yes Yes No No No No No
Equipment Fleet at Full Build-out
Quay Cranes 14 14 14 14 14 14 14
RMGCs - Twin 64 64 64 35
RMGCs - X-over 58 58 58
S/C Manual 35 35
S/C Auto 35 35
T/T (for vessel ops) 70 70 70
H/C
Machine Operators Head count at Full Operations
Factor
Quay Crane Oper 450 63 63 63 63 63 63 63
Signalman & Underman| 8.00 112 | 112 | 112 | 112 | 112 | 112 | 112
RMGCs - Twin 0.80 51 51 51 28
RMGCs - X-over 0.80 46 46 46
S/C Manual 3.75 131 | 131
S/C Auto 0.20 7 7
T/T (for vessel ops)| 3.75 263 | 263 | 263
Total 233 | 228 | 357 | 352 | 489 [ 484 | 466
H/C Reduction vs. Scenario 7233 |238 |109 [114 [-23 |-18 |-
Salary Costs |Mil KRW|Annual Employment Cost — Real : Mil KRW
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/Person
Quay Crane Oper 477 | 3006 | 3006 | 3006 | 3006 | 3006 | 3006 | 3006
Signalman & Underman| 43.1 | 4829 | 4829 | 4829 | 4829 | 4829 | 4829 | 4829
RMGCs - Twin 43.1 2207 2207 2207 1207
RMGCs - X-over 43.1 2000 2000 2000
S/C Manual 46.2 6058 | 6058
S/C Auto 43.1 302 | 302
T/T (for vessel ops)| 46.2 12115|12115|12115
Total 10344 11013716100 | 15893 | 2215721950 | 21157
Labor Cost Saving vs. Scenario 7| 10813 11020 | 5057 | 5264 | -1000| -793 -
Abm 0 FAkeE AR Aoy H R A (F) WA

=S|
FEE F T A9

BeE SduA e ARske] 67149 A

e+ laFAwA] ZFA 29 Twin RMGC % #As3 S/CE
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Scenario la 2a 2b 4a 4b 7
RMGC Orientation Perp. Perp. Perp. Perp. Perp. Parall.
RMGC Type Twin | X-over | X-over | X-over | X-over | Twin
Transport Type SIC @ 25|S/C @ 25|S/C @ 30[S/C @ 25|S/C @ 30| T/T
Transport Automation Yes Yes Yes No No No
RMGC Blocks 32 29 29 29 29 28
Static TEU Capacity 64686 54178 54178 54178 54178 50895
Max Thru-put Cap(000s) 2604 2579 2579 2579 2579 2423
Total H/C 453 448 451 568 594 681

Financial Performance at Full Volume Operations per Year (Millions KRW, Nominal 2021)
Rev (Year 2021, Nominal) 305060 | 302226 | 302226 | 302226 | 302226 | 283912
Operation Expense (Year 2021, Nominal) | 72285 73408 74598 83166 86232 87654
EBITDA (Yr 2021, Nominal) | 232775 | 228818 | 227628 | 219060 | 215994 | 196258
Per TEU (KRW, Nominal 2021), Operating at Full Capacity

Revenue 117151 | 117151 [ 117187 | 117151 | 117187 | 117174
Operation Expense 27637 31628 31711 40487 40656 40630
EBITDA 89514 85523 85476 76664 76531 76544
Equity IRR 16.20% | 15.77% | 15.56% | 15.28% | 14.96% | 15.27%
Differential vs. Scenario 1 » -0.46% | -0.54% | -2.00% [ -2.09% | -1.60%
Scenario la 2a 2b 4a 4b 7
Wik =9 2328 2288 2276 2191 2160 1963
S A A T3 365 325 313 228 197 0
TR A iy F3E 18.6% 16.6% 15.9% 11.6% 10.0% -
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