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ADB : The Asian Development Bank
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WTP : Willingness to Pay

PCS : Port Community System
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EXECUTIVE SUMMARY

This study reviewed the history of the preliminary feasibility
study standard guidelines for port sector projects (hereinafter
referred to as "standard guidelines’) and suggested a number of
measures to improve economic benefits, focusing on the recently
revised standard guidelines (third edition). The preliminary
feasibility study was first introduced in 1999, with the port sector
enacting two standard guidelines in 2000 and 2001, and
publishing the standard guidelines (third edition) in 2014, about
13 years later following the last guidelines enactment, and has
been applied to this day. In addition, the standard guidelines
(third edition) published in 2014 set three prerequisites and
explain their logic as judged by this research. The prerequisites

set in the standard guidelines (third edition) are as follows.

HO: The economic benefits are applied differently by dividing

cargo into target cargo and non-purpose cargo.

HO: In the case of non-purpose cargo, if there is room for port
facilities in adjacent ports, it is distributed preferentially to

adjacent ports.

Xi



HO: It distinguishes the difference between target cargo and
non-purpose cargo, suggesting the effect of reducing ship
operation distance and inland transportation costs if there
is room at adjacent ports due to the economic benefits of

non-purpose cargo.

Therefore, this study first pointed out the adequacy of the
sub-shipment assumption, errors in cargo classification, errors in
assuming that adjacent ports are used, and the unrealistic effect
of reducing ship operation distance and inland transportation
costs if there is room available. In addition, new benefits were
additionally presented to respond to rapid changes in the
shipping and port industries and to implement the government's
carbon neutralization policy. In addition, in reality, ship waiting
costs in Korea are hardly incurred except for certain items. In
particular, since container ships do not incur ship waiting costs
100%, it is presumed that transmission to other terminals within
the port is assumed instead of using adjacent ports as suggested
in the standard guidelines (third edition). This is because when
the shipper transports cargo by ship, the port of shipment and
landing (destination port) are specified in the bill of lading (B/L).
In this case, the effect of alleviating terminal congestion was
additionally presented by assuming that the cargo volume
exceeded the terminal loading and unloading capacity when the

project was not implemented.

As a result of this study, first, the distinction between target

cargo and non-purpose cargo (containers, miscellaneous goods)

xii



EXECUTIVE SUMMARY

was removed. For example, coal is transported from Incheon Port
to Yeongwol Complex Thermal Power Plant, but it is much
cheaper in terms of logistics costs to ship it from Donghae Port

to its destination.

Second, the unrealistic assumption that if there is room for
adjacent port facilities, the volume of goods would be transferred
to adjacent ports was excluded. Therefore, among the effect of
reducing ship operation distance and inland transportation cost,
the effect of reducing inland transportation costs that can be

used as an alternative to economic analysis was suggested.

Third, according to the government's carbon neutralization
policy, the effect of reducing carbon emissions by loading and
unloading equipment as well as environmental costs by reducing

transportation distance were additionally suggested.

Finally, congestion within the port may occur as a prerequisite
for using only adjacent ports has been rejected. In this case, it is
possible to alleviate port congestion by establishing a cooperative
system between terminals in the port. Therefore, in this study, the
effect of alleviating terminal congestion is presented as a new

economic benefit.
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20194 40.0 | 50.0 @ 75.0 | 60.0 0.0 75.0 60.0
2020 71.4 0.0 100.0 | 100.0 0.0 100.0 | 684
A = 259 135 49 9 61 153 751
B/C21 (Al = 122 53 32 44 32 85 368
B/C=1 (%) 471% | 39.3% | 65.3% | 46.8% 52.5% @ 55.6% | 49.0%
Rfz: SN 2(2021), p. 35.
uERgAdEAF AFdOIA AHP7F 0.5 oMoz F9H4 Erg-go] S
AL 49470 F 75179 65.8%F AAFHGch. Purre] F3
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0
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64.3%% 71310l Thi BIhgo] P4 FOR ek

(E 2-8) OBIEINZAL 228 - SIS ZoIH Ejgh 2B

TR %, U

A sz ze | gn T ama e | 29
1999 455 | 50.0 | 100.0 | 100.0 | 100.0 | 100.0 | 65.0
20004 273 | 714 80.0 0.0 100.0 | 75.0 | 53.3
20014 30.0 | 3b6.7 | 100.0 40.0 - 0.0 34.1
20024 333 | 756.0 50.0 0.0 0.0 75.0 | 433
20034 70.0 = 71.4 | 100.0 0.0 60.0 500 | 594
20044 87.5 | 53.8 | 100.0  100.0 66.7 | 66.7 | 745
20054 36.4 | 83.3 | 100.0  100.0 66.7 | 714 | 633
20064 63.0 = 40.0 40.0 40.0 100.0 | 50.0 | 53.8
20074 63.3 | 20.0 | 100.0 50.0 100.0 = 429 | 56.5
20084 75.0 | 100.0 | 100.0 | 100.0 50.0 | 46.7 | 684
20094 50.0 80.0 | 50.0 0.0 91.7 800 | 683
20104 714 | 643 1 100.0 1000 | 100.0 773 | 75.0
20114 83.3 | 60.0 | 50.0 81.8 80.0 | 714 | 744
20124 100.0 | 28.6 | 80.0 50.0 80.0 | 1000 | 714
20134 62.5 - 100.0 50.0 100.0 = 75.0 | 6838
20144 833 | 756.0 50.0 91.7 50.0 | 75.0 | 794
20154 333 | 66.7 | 50.0 100.0 - 625 | 69.6
20164 100.0 | 83.3 | 50.0 66.7 50.0 | 66.7 | 73.9
20174 30.0 | 429 - 57.1 75.0 | 100.0 | 51.6
20184 75.0 | 60.0 | 100.0 75.0 100.0 | 100.0 | 77.3
20194 80.0 | 100.0 | 100.0 60.0 100.0 1 100.0 | 88.0
20204 100.0 | 66.7 | 100.0 = 100.0 | 100.0 | 100.0 | 94.7
A = 259 135 49 94 61 153 757

sopfl4 | 158 78 38 62 a4 114 | 404
ElEd &H8(%) | 610 578 | 776 66.0 72.1 745 | 65.8

A2 SHRINLOIT(2021), p. 36.
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o Ao m{OISIE e HlE BoC
= Er =Ten (CS)) g Ratio
LS24H18 2dgy 0.0 0.0%
S| 1,0325  100.0%
EXxNE} 26,569.0  70.8%
HSBTHBR=X) 40|
e T oy 4,936.4  13.2%
2007 Tene _ 0.88
THZHEALH Ol 0|24 X|MLd4A ™2l | 3,706.9 9.9%
QU= ¢ 7+ ™| 2,305.1 6.1%
2y 37,517.4  100.0%
HARASE LR =5HE 2 11,586.0 | 84.4%
2007 ZAE0|UEO|g EX X5 21358 15.6% | 0.91
i TIX] ZSA 9 137218 100.0%
HISEHAPHE ME 23H|I
<ot 1,164.1  6.1%
BISERDY NS B8I2 21,0614 5.6%
RIBHADIL NS 23HIZ
= a1 39.3 0.2%
ZYIBHADIY NS 2012
= a1 S 35.6 0.2%
OIFAISS BYSEX| : _
2003 THEEAL 24519 H|Ig HdE 464.7 2.4% -
AL 2A) 0| NS 23H|8 ool
(=497 <atme) 44194 | 23.2%
S7HO|H ME 2tEH|Z
x| ° 52.5 0.3%
ME SEAE BIPK|
Trao 11,568.1  60.6%
AN NRME RIPIR| BB 2832 | 1.5%
s 19,088.3  100.0%
2009 | 25  AlLgR1 LN P SPARE B 25.2 1.9%

36



0
ro

2 GHIEfFEZARES| Sl 24

o Al m{olst= oo HlE =
. = e < 2) = Ratio
A=) 19| X|MIAIZH HE 1,122.0  86.8%
a2 (=R0x SIOMIE BX| XA THOI 0
My Aa)  HEZUEEOEMIgWZml 408 | 39% | 0.12
ok 2% 12923 100.0%
OlA7|X| 1A clEH
HNG j;glné qe | 4051 89.7%
0B AUEI9) Raes duEg BARH 7506 4.7%
< Neee
2010 e BEZF  oyec mumpinzrug 1.28
ey E8 g 399.0 | 2.5%
= = ZAg
AFSA =3
DRE HEREHIE BYsl 495.0 3.1%
7 16,098.7  100.0%
A2t 24H 7,609.2 | 23.7%
S BYHY 11,624.4 1 36.1%
EARAISE L= uSAHE HZHY 846.5 2.6%
2012 | O|H& 5= Hi= X 2H4H|E MY 1,279.7 | 4.0% | 1.30
JHEANY _
HEANS(R7174x]) 94913 = 295%
UFHIAL(RI X)) 1,310.0 4.1%
27 32,163.2 100.0%
HeietlE daen 537.2 31.2%
2013 HEE2M stolH|g M2ET 1,185.1 % |0
7 HErAl_O‘:'_l 0|'—| |o EEIQ-J—l' , 8b. 68.8% .38
27 1722.3  100.0%
s12H|g MUE 3106 | 40.6%
el . _
N Sha0iZf O|SHIQ MUEW | 4644 | 59.4% | 0.10
Bz 765.0 | 100.0%
e 7|3 Dol M2
2016 el omlg Hatmd 2102 | 165% | 0.9
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LR} S A] Hatof 0
o= & &1 662.2 52.1%
LS 7 FHIE 2He | 528 4.2%
=Y Ft LRSI 9.9 0.8%
A Ee gt 87.2 6.9%
YA S7t=dt 95.1 7.5%
Ol gaa 13.5 1.1%

DM XIMA|ZE ZAS T 1474 9.3% | 0.99

A 1,300.1 = 100.0%
AH0|M HIgRZE 24501 104% | 0.85
2019 ESEHURTE | guostygmzuam 41 4%
Renewal Al CTee Tle=n :
A 2,446 | 100.0%
o1 24Ee 163,344 | 56.4%
SH0|S HIgEds 309 0.1%
AR H241% I
2021 AMARI(1-1) NEkE RXEL 122,573 42.3% | 0.92
[SNESS k=) 3,290 1.1%
A 289,515  100.0%

X2 S4(2018), pp. 26-28
2. 71E ZNH mol=o| EHIH

1) 2™ gt 0189 g2y
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2 sk, HEAskEe] 4 A

(o]
O#

38



S SRR OHIEIGNEARTSl 32 24 02

aeto] AR, , S
3 BREISCISH)Y B 99 Fuhe AP 5 g A
% 9 FEYEAPHS AP Ak vuie] 298150 A0l 2
AAZ Folo] 5122 A5H] YR EYElA] Fuio] 2] ¥
ek

Atdo R IEE Auto] F-Hokg of7] HeiMe AU et
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AkS Addtt. AsksdB/DY IerdRl Al thadt AoHE ¢
2](2019), H&EALE pp. 520-524).
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(8 2-17) M5H53(B/L: Bill of Lading)2| 24!

@ Shipper/Exporter
ABC TRADING CO. LTD.

1. PIL-DONG, JUNG-KU, SEOUL, KOREA

@ B/L No. ; But 1004

@ Consignee
TO ORDER OF XYZ BANK

® Notify Party
ABC IMPORT CORP.
P.0.BOX 1, BOSTON, USA

Pre-Carrage by

® Place of Receipt
BUSAN, KOREA

@ Ocean Vessel

WONIS JIN 1234E

@ Voyage No.

@ Flag

Merchant Ref.)

® Port of Loading Port of Discharge ® Place of Delivery @ Final Destination(For the

BUSAN, KOREA BOSTON, USA BOSTON, USA  BOSTON, USA
@ Container No. (9 Seal No. @® No. & Kinds @ Gross iMeasurem
Marks & No of Containers  Description ‘\Weight ~ ient
or Packages of Goods
ISCU1104 1CNTR LIGHT 4631 58000
BULBS KGS CBM
(64,000
PCS)
Total No. of Containers or
Packages(in words)
Freight and Charges Revenue Rate  |@ Per |@ Prepaid|&) Collect
tons

@ Freight prepaid at

Freight payable at

Total prepaid in

@
2 No. of original B/L

@) Laden on board vessel
Date Signature
May 21, 2000

@ Place and Date of Issue
May 21, 2007, Seoul
Signature

6) ABC Shipping Co. Ltd.
as agent for a carrier, zzz Liner Ltd.

Kz -7 Ea(2019), FHER(14E), YA} p. 628,
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1. 3W dAlgy HE

ol FF 2(2007)= "SEHIHA A& EAASE o83t A THEE
] CO, t7|Hi&E AAL, AtolA 199749 A28t EAIE '5H733}7]
sl wE 7]EFefo] A=, e 20130 =R E 7
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=01, 115 COx7} 59 Eolt}. 53] AR A4s tREY A
AArete WA A2 fEUEt CO, HEE9] 20% o= AHAIskaL
o}, whEhA] Ao Xﬁ““’*"ﬂ g S ARY] ARFH CO, HiETF
HUEES= Ao] ¢ S84t 5 =il T A5Ad A
BojR= A=Y EAA ]—,—9} IPCC(Intergovermental Panel on Climate
Charge)?] 2A7tA F7] HHES ol&sto] Al TS| TE CO,
A7 HlEdE Aieks WS ARSHITE 424 RYAS2] AlEdolds

ot AYA T 2FALE THAE CO, HiEgdS AF Ailet= A&
T A5F9IT}.20)
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to %O flo 12 :IJ
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Xt&E: World Bank (2005) and HEATCO (2006) Chapter 4.
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o AAlSHIL lom, A= 20130] AAIRE FAFARAS] H]-E-HO &
A 212491 “Guide to Cost-Benefit Analysis of Investment Projects”
£ &85t Slt}. & HIiAoA = fE W BRI #-E 3541
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59) EU(2013), Guide to Cost-Benefit Analysis of Investment Projects. pp. 106-114.
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MEO|SH 4 0.85
EE MESeaNFr= LS 0.85
HEA A2t 0.72
HAHs(Box) 25
20l &S CHREAS 0.7
ZEAA 4 0.85
A TEU/Box H|& 1.36
Overstow A|%= A= 0.97
MME A7t ol s MTEU 62(1 169TEU)
MM HAY ol s HMTEU 13914 381TEU)

X2 SHRINLOII(2021), p. 401.
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HO
0\.1

IR HolgiR ol Tt | 04

(1) LI2247{2| Th=o| 31H|I8 MZET

7t WiS248712 T2 71

HEStle 2k, 32 59 s3] ueEt Aols] fedl sk &

goly 578 52 st oS EEFSTES 27010 AR

of gt} £ErEE BEFSH AATAlE HEHND E4Holes A8

T Aot detos o FAT ARg WsrSH82 n|et HEy]
Ui

2 FEslo] Agah), YROAL ERsddl Arsbon T8 4 9
o HresaTe UulsiEw Aol o TRl et 1
i} B QoA ERosS JEo §uE TEIE PP o
e AAGAT. & FEERY WEAY FABAAACH )04
o gule AETE qasteT $EUstEe] 49 S5t 249 &
20§ 542 Folo] FJute] WE 27| BUT A LEA} U
P gue Adgit ojedt 578 GEe] i Holoz Au|g
Agast, Wessulgo) AgaE 45 4 oot

70) 2EWEF(2017), pp. 205~210.
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Lt iV HISEZ H 24712 HiE

P/1298 W88 L LA HE AR A 0F=Y L 24
AL

7t wiEAS A,

0712982 ditetaa(C0), defea(HO), BaAtehka(NOy), 1l
ARA(PM)2] w382 Tfste] e ddE wiEA et ARRlAvE o
9IS Fote] Abgdith onf di7|eHEH(CO, HO(VOC), NOy,
PM)LE F=E=A 85201009 HE=FAE7EY AHEAE A7 oA
Ax A58 Q= viEAs e ol8ste] ARt

SA7IA0] A oAl A(C0,), HIRH(CH)), oM A(N,0), 4
EORA(HIC,), FE3pe(PFC), T3 SE313(Sk) 5°] 32
WEFT oG T 2ATEAE oAISIA(CO)Rt SiFEHER, o]
Ao ol a(CO) WHgstes Jtrt. 247k FEEER

CO, & 252t /g sAd 2E olgsto] APyt

Ch. HiEA T LFE

H71H9EH(CO, HC(VOC), NOy, PM )2 F=E=AIEH2010)9]
AR Ay Aol AR ASE LH3EE HieAl A
= 28310 Ao, A5 7| A5 HigAre AsA S5 E
71E TBaste] ARRIETY) LA (CO = ARsA AdsAlde B399 A%

71) FIEWSL(2017), pp.205~210.
72) SRE2WSHS((2011), "REALEXEIIXIXIZ(KAR W), pp. 270-272.
73) FEWESF(2017), "W EAE EXIEIIXE(HBRINE),, pp. 215~235.
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H 4-5) =Ui XBE CO, tHEH S LY

e 2 AT

= g/km

1327.480269 V8221 (g1m/h 0[5f)
0.02246648 V2—3.11984767 V + 226.74120941 (65km/h OJAf)

A8 2088.680541 V596328 (g5m/h 0f31)
(©2) 1 0.03891285 V2— 5.42887775 V + 367.04332063 (65km/h 04

3 2807.689014/(1.26009186 + 0.13705931 V— 0.00102907 V?)
& 2807.689014/(0.81926729 4 0.06095835 V — 0.00034767 V?)

1299.200185 V'~ 413565 (g1 /h 05f)
0.08899357 12— 11.51306905 V+ 615.13401303 (65km/h 02}

28 2807.689014/(1.06722744 4 0.16318950 V— 0.00136819 V?)
& 12807.689014/(0.88566832 + 0.05886221 V — 0.00042379 V?)
Nz ZERSE(2017), "'uSAY EAEIXIZFGIINE),, pp. 225~230.

AE HV1ed=d B 2AVEAY HigAeE (B 4-003 Zh

B 4-6) AIEE- S5 7| QP2 TS iS4
=l g/km
XE s Co NOXx VOC = PM25 | CO,
10 151 0.59 0.15 0.02 = 38085
20 0.80 0.38 0.06 0.01 | 25148
30 0.57 0.30 0.04 001 | 197.30
40 0.45 0.25 0.03 0.01 | 166.10
SEA 50 0.38 0.22 0.02 001 | 14534
60 0.33 0.20 0.02 001 | 130.33
70 0.29 0.18 0.01 001 | 11885
80 0.27 0.17 0.01 0.01 | 109.73
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NS & (60) NOx VOC PM2.5 CO,

90 0.25 0.15 0.01 0.01 102.27
100 0.23 0.15 0.01 0.01 96.03
10 1.58 1.87 0.41 0.04 831.41
20 1.28 1.47 0.35 0.03 576.14
30 1.16 1.29 0.33 0.03 464.99
40 1.08 1.18 0.32 0.02 399.43

FETN 50 1.03 1.11 0.31 0.02 355.03
60 0.99 1.05 0.30 0.02 322.46
70 0.96 1.01 0.30 0.02 297.27
80 0.94 0.97 0.29 0.02 277.05
90 0.92 0.94 0.29 0.02 260.36
100 0.90 0.92 0.28 0.02 246.29
10 2.26 5.92 0.71 0.04 1,492.95
20 1.87 4.16 0.61 0.03 1,052.31
30 1.72 3.42 0.57 0.02 8568.31
40 1.63 3.00 0.55 0.02 743.04

ChaiA 50 1.57 2.72 0.53 0.02 664.54
60 1.63 2.52 0.52 0.01 606.68
70 1.50 2.36 0.562 0.01 561.76
80 1.48 2.24 0.51 0.01 525.59
90 1.46 2.14 0.51 0.01 495.65
100 1.44 2.05 0.50 0.01 470.34
10 0.80 0.98 0.11 0.08 454.17
20 0.53 0.62 0.07 0.06 337.15
30 0.41 0.48 0.06 0.05 283.48
40 0.35 0.39 0.05 0.04 250.75

ASEY 50 0.31 0.34 0.04 0.04 228.03
60 0.28 0.30 0.04 0.03 211.02
70 0.25 0.27 0.03 0.03 197.65
80 0.23 0.25 0.03 0.03 186.77
90 0.22 0.23 0.03 0.03 177.67
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PNES =i CO NOx VOC PM2.5 CO,

100 0.20 0.22 0.03 0.02 169.92
10 3.82 5.39 0.92 0.20 740.40
20 2.47 3.93 0.61 0.14 579.59
30 1.91 3.26 0.48 0.12 502.26
40 1.60 2.86 0.40 0.10 453.74

. 50 1.40 2.59 0.35 0.09 419.36
60 1.25 2.38 0.32 0.08 393.22
70 1.14 2.22 0.29 0.08 372.39
80 1.05 2.09 0.27 0.07 355.24
90 0.98 1.98 0.25 0.07 340.78
100 0.92 1.89 0.23 0.07 328.33
10 7.03 25.21 1.64 0.79 1,490.85
20 4.29 17.98 1.1 0.57 1,140.87
30 3.24 14.77 0.88 0.47 975.58
40 2.67 12.86 0.75 0.41 873.04

HfaEy 50 2.30 11.56 0.66 0.37 800.99
60 2.04 10.60 0.60 0.34 746.56
70 1.85 9.84 0.55 0.31 703.43
80 1.69 9.24 0.51 0.30 668.09
90 1.57 8.74 0.47 0.28 638.40
100 1.47 8.31 0.45 0.27 612.96

N 2EuEH(2017), "nEAlE EXEIIXIERI6RINE) ), pp. 2156~235.

ot H7|1QE=E H 247tA HiE HH?

7] 2 GEA HiE A= S45(2001)014 AXSH L JEAE tf7] 2 g9
A
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(H4-7) 7|88 & 247tA AEHI(2016HE 7IF)
B9l #/kg

PMZS
TE NOy o voc = Co,
EAX | WX | X|YX]|
QCte| | 402,093 104562 41,831 15,835 158 2,330 44
EU EU EU U Noor1e  EU EU

o oy @oie o1 (2014) | (013)

Z:1) EU(2014)2] =AX|(1,50091 /kit), 1 2|XI(30091/kir), RILEXI(15021/kit) -0 TS
2) =29 BSE2| NOx 7Hx| ThH| CO 7X[21 0.12 &
3) EPA(2013)01lAf K|A|SH= AtSIRHIE AE. =2 280A H|Alok= CO29| "t IR RA
4) M5t S&(R2: 1330.71¢, €31: 1192.5%)

A= SE7REIATL(2018), p. 210.

97199 7 L 2AkA AW 7| Ful gt LAvkAY AT
Sot AFE-S28 7109 L LUTRS EASS ol gle] thew 2

VOP CS VOP C/\]_(ﬁ u] }\ zsg VOP C/\].%] A tsg

o7, VOPC= Z E (D), X VT, < 365)

le:%ﬂ%(l %tg( ) W -km
VT, : x5 (k) s 33 Fa450 km 2 07|9% 2 24714 H|g

k: L RIE (1=424}, 2=HA 3=3}2x)

o714 ASE-FBEEE 7| B 247k B2 of (&

4-8)3} 2179

74) 2ENSR(2017), "USAS EXEIIXIERI6RVHE), pp. 215~235.
75) SHEEZ2NESS|(2011)
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H 4-8) A5

£ SEX
10 32.88
20 22.08
30 17.52
40 14.95
50 13.28
60 11.98
70 10.89
80 9.99
90 9.51
100 8.92
INE=H

R A= PN

2)

EHASYSE TN

b Aissh HOl2a 7|1Z EO29] ofF

53} Aol EMH% A

]5\_

0}1: B3
oJujgictn &

, Alo

==
%

oz Heg 4 gt}

5ol .

o 2

HA

160.48
113.26
93.16
81.29
73.37
67.42
63.17
59.51
56.63
54.06

SHEINLATR(2018), T2 -EE B2

1E i

th—

Zgoly HuldQ] Yid
mation)-AFE(output)d] I/O HFOo = I
o=, PAHIS BT AeS
ds =
7R ALY, eE AT, AR

5t

B2

A2 7129

=
€5
161.77
115.24
94.76
82.48
74.26
68.01
63.16
59.4
56.24
53.36

ol QAIl

==

A8
EE‘I
68.91
47.72
38.61
33.17
29.41
26.83
24.85
23.17
21.78
20.80

tHOl GlBIEHS S A

HloTd Emjde)
o dF E= A

AR 2

i)

2ES
AT o A3 F

ool

AARA]

oOL-O

m of
i ot

—=

202.65
147.32
122.47
107.51
97.13
89.40
83.47
78.51
74.64
70.90

JIA HIZ(20154 7|F)

el A/km

o
EH
788.63
566.68
467.78
408.68
368.18
338.10
314.83
295.82
280.17
266.81

BEXE 8- 22 S (H6H)

Bdant

>
El

Evi

>

E(input)-¥H&Htransfor-
£l vlez 3

ojgA] Aolshfo] wat ol 714 43

St

hSS

2,

Al /IK_]_-/R(-)]

’

Wt A, =214 A,
B, e 84 B, & 84 A
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(23 4-7) B{0|2 gAgel g4

| s, WEZS | | ojcomy oo | | Aoe eaAr | | ses o7,
B | oo | | B | R OlcHEEM | e e | |28 57 FE,
84 | Iy Tame | | E2EWR lmméxrgm: H4E

e | | |

3 A4

0
eg 1§ i g g .
94 i &
Falz IS R=]E R
ws| e Hamomonpeld ocngn M vomaos H o
X | 2B (O]l comse | | & zE0ES, | | ZE0N
2ol M Blg a5 | | EdsmAR A2phe

A2 YA5(2021), p. 320.

bHAF 1Y AL F FAMIH} <= PAI O E o] FoS 4= 3l

. P I 9l F AAI(GP: Gross Productivity)2 Qr8 3019 &

7 H Aoy 3=9] Fo g, 2 A5 9] f7| A7t

A FHAIES Zototo], stRIAxT) Aol FAEHEE i E A
(o)

AZHE gt ¥ ARl & AYAHI(NP: Net Productivity)> H8 3
gQle] & A Bt Al HdHolH 3F=9 R, Huld &Y

ST B 281 YEl= 2] &4 AlZHboom up-down time), ]
i/ 7t

99



(2 4-8) QAT Y| Aty ALt e

Quay crane productivity ecph*

( ) Kinematic quay crane specification (trolley, hoist)
( ) Type of vessel, stowage plan

Technical productivity 55

( - ) Sway, crane-driver skills
( -) Disturbances due to lashing, positioning, twistlock handling

¥ Operational productivity 50

( -) Waiting for waterside transportation system

v Net productivity (target / output simulation) 40

{ - ) Break-downs

( -) Meal-breaks

( -) Shift effects

( -) Hatch cover handling
( - ) Bay changes

Gross productivity (target, net -10%) 35
*ecph = equipment cycles per hour

Xt&: Saanen(2004), p. 46.

/‘Lj/_\_‘} Aﬂ/\x_]_—/\‘] 03}\] Aﬂ/h]—/xé_],]. % Aﬂ/\]-ﬂgi ],]—_’_O-] X-]_,]o]— Z': (/)V\]q-
% A4 ABAMI(GBP: Gross Berth Productivity)< A8Fe] & At A|7E
B¢ A2E HH oY 3HEe Fo R, Muto] A WA AXNFE F= Al
HRE v ALFE F= AR7AE 7o St & A4 AL
(NBP: Net Berth Productivity) 489 & At A|7F 5<%t *2|d AH]
ol 359 #FoE, A4 Hx=E FolE= EHoH 9 2H4(lashing)

o] E¥= AIHFH AT R A5tE= e[| 2ol R E= Al
HAAE 71ELe =& jith

O
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A2 HRE Hog=ol ot 04
(O 4-9) AHI Ol ik 21 AL
Average productivity = 40 cycles per hour
100% r -
90% 1 Bl Relative frequency L]
o ) ——
80% - — Cumulative frequency /
g 70% //
g /]
3 60%
g i
= 50% /
% 40% /
& 30% 7
20% 7
1
10%
0% _AI :l:j_j_-__- =
L & 2L P& P P P S
W & & 2 R ,\QQ' .{If” \‘30’ q'QQ’ rf;;'
Cycletime interval (s)
At=: Saanen(2004), p. 77.
oft gl Ao 1 T A ARo= AHlolY of= BAlE, 4 &
A A W =9 B 3 ARE 5ol ok EF 31 ARE
(turnaround time)— QJF Ego] AP|EF Bl Eudof st H7
3 AU oA T AlES Skste] el Alztelt,

Lt E0|2 ofF ditd H|W

A-]}\]-7]- o(}l:l]—oﬂ _Q_?.olj— /\‘]H] A zo =g

Adke] thgstol| wet 9 =
o]—l:ﬂ ﬂeﬂ
2 Fo|]lH. 20009
et AR Qb 39l

273kl ATt
& A4 AL

o] 323 Skt
4~5T2 A1k 100709] HejoliiS
o3l

A A R ol ol Qo). o

20,000TEU ©]A+e] Avto]
6~8UE AI7FF 175~250719] Aol &

2 % A4 QAoR Bk
AUt 990‘—ﬂ1°ﬂt
stejst 9%

39, AlE 39

’ —_— ’
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(O3 4-10) & U4 Yik-doll F&S 01Xl o 22

Berth productivity dependent on transport/stack equipment
quay length = 400m, 9 stacks, berth contains 4 quay cranes

135 T
Maximum productivity: |
130 "{ 4 x 32.5 = 130 moves / hour "A——— Q—. ‘: ] IJ:
. P w

k=
3
£ 125
‘g /0'——’4]}
E 120 A
Increasing # of /
115 tacking | /
=
= 110 ¢
(%]
3 / =0—12 Stacking Cranes
8 105 1 -
o =14 Stacking Cranes
£ 100 1
o =16 Stacking Cranes
m g5 :
==18 Stacking Cranes
90 + r - T T T
12 16 20 24 28 32
# Transport vehicles (AGVs)
Iso performance graphs
quay length = 400m, 9 stacks, 4 quay cranes
18 0 T
‘ =O=Berth productivity 110 moves/hour
17 - | =@~ Berth productivity 115 moves/hour
=ir=Berth productivity 120 moves/hour
p Erocicinay 128 foph “~Berth productivity 125 moves/hour
216 A f f f
o
Q Productivity 120 mph
g
-
[*]
P :
* — &
[Productivity 110 mph |
13 “ ’
12 4 . — . : e . 4

12 14 16 18 20 22 24 26 28 30 32
# Transport vehicles (AGVs)

XtZ: Saanen(2004), pp. 79-80.
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A AR R 453} Euldo] 71 WA EQEe] ehgsiE $ 24
Aelold Hde) 20139 F A4 A AuS B AEs g
71 Hujdo] 2 M4 AL v|waE 14} St 2 A PAFL A
7Kg Aelshe o] $7 S4a

(B 4-9) 28 2 ZH0|4 HO/2e| & MM MitY Xtz
= S MM XS3t

EHo|gd ot =7t MARA] ot

Euromax Terminal Rotterdam - ECT | ZHZE @ 4= 100 ©)
APM Terminals Rotterdam ZHEY | HE=E= 99 O

MSC Gate Container Terminal Ha|HatH =Y 98 X
Eurogate Container Terminal Hamburg | &f223 =Y 93 X
NTB North Sea Terminal Bremerhaven | E2{|H5HH =Y 90 X
ECT Delta Terminal ZHEY | HEZE=E= 87 O

ECT Delta Dedicated West Terminal | ZHZEY  HEE= 87 O

Xt&: Journal of Commerce(2014), p. 20.
eSS £ gulgdo] A5l oB e & AA Ao RHA0l I3RS

A QRS G 4 ek, Hle] A ccke Hel9E FHT
A Aule] A3t 2ol 2 IS AE AS L 4 ek

A& Eud e 2o mE AHore 29 A T, A # of
E Z8E 7L 29 AAE T, s 2FEY A4, oF 2] 9%
Ha, A B 9F A4, SAXLET B 7] 4 S, AAIRE 9
AMET Y B, oF= Ae A A4 5ol ATk ot A T ¢
M e 57T HfgES 3 5 lor, 7|E Euld
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O 49 Uo|blg 2

okt SEHES E2917] o]
3, olgl BEIE AR Ful TS QT GARE HALS 2 V)=
spato] Wt 71 A7e A8slo] Agsls Aol Wik, Alutol

RWTC, = WTC, — WTC,
WTC, = WT, X Vn,’ X PC

WTC, = WT, X Vn, X PC

oA71H RWTC, : td=9] tj7|ug 47 &z
WIC, : tdwo] 712 Aejoly Hudel g7)ule
WIC, : vdwe] A58 ZAdoly gudel gi7]ulg
W, vdwo] 71 o]y Eujdo] Aure B o
WT, : vdwo] X153} ol Ejn]do] Aukg Ha H7lAl
Vo, : tdE9] 72 AHoly Hulde] BX A 5
Vi, tdEe] A5 Aol gulde] =3 Aut 4

76) 242 2(2014), p. 131.
77) 2482 2(2014), p. 131.
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@ 9% E3 o7jHIg By
of= Au] AT} A7 A5

2] 200 Holo} Helol gtk e A A ok AVIe] BAAE

T 3 A7 A Feh ASHH, q A% Aolo] B A
ol T2 7|gluge Fobd wWolg A& % vt

2| Y=(day) = [OF= FH|S| moved X2|AlZHhour/move) x 7t X2lS3

(move)] = 24
o3 =9 Y7l 27 Hole 9% e tjo] IRL vlAE of=
e 9] JAda A7t 258 SAlol Aefsfjof gt of= AH] AJAL

1713 Of= ZH| Mitd(moves/hour) x HH| 4= x (BH-E ZAE0|H HIE - &5 LY
&5 Z4E0|L4 HIS)

Aget e A st vas) 23 AAY T, e B
94 7k, 9% 99 IF Fa 59 Dbt YOBE B A7 A=
7h Tk Bl Az A= S Below Tel] SlejHs A
1 AR G5 TS A T o) L 2 A7 DG WO

C. XH2HA] B2t AA| E{D]2o)

A et A4 Hulde PAsks stegulel 930l met s
HlZeo] Aol wAlsiet. £3) solgulzt AAg sk ouix| Yol Tk u)
o %

27| Aol FUSH Fa% Uolt}. AR Yot 4
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ol
o
I
HO
0\.1

SR HEksol T 04

7 2 AgEt. B A7 st xomm A}83He oul 4 90] o]
wel eha S AolS APgeks WS AXT

ORE:EL

rI o] oA LS A4, A4 BE A72 BHstsle] ek
waha, oA o] Folo] whE ki HjEF Aol WIS et o
M99 B RS Qhael Bel WY ALgt HY] Sk g

Ade] Foz AgErt £2E radele] B WiEe A the
3} gt

oA Q1 T H2 ALZZH(kWh/move) x 7| EtA HiEHI4(kg/kWh) =
4.424kg/move

T 28 9 A5 RARE B0, IRl & A2 AR 7.9kWh/
move’8 A7] g4 viEASE= 0.56kg/kWh79) & Z-&5F3Ht

PRI T viEF A2 folA =Ett ]l
Aol A2F, gauEd 7S Foke] APgEn A
2.

HHR(4.424kg/move) x M Z(moves) x EAHIEH 71H24(R/kg)

T AY BT AR AT AMgstER, bl ?qﬂ
%—i% I AYEETE HIE ARG "ok o, I AREsE
AdrH 0 2 TEU ©E ARESIEE, moves/TEUE &0l B9 & TEUOﬂ/\i
moves= $HAFS|of 3itt,

78) ECLAC(2016), p. 6.
79) Rijsenbrij and Wieschemann(2020), p. 115.
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HFaHEE 7S A=A A -
Stk 20219 94 264 71, ©aEiEE AMlE 9 29,2009011, &
AFold 29.29/kgOlt80 o] ghs 7€ & 3t <
SIS A e o s T4 sETH2 129.18190% AT 5=
Atk

@ of=3#e)

op=I#|219] oA Ao AAoIE A, AL A7 R
AT, g, oA Jolo] W Tk wjEF Fol7 Wi
Ay Bude] 49, A6 o= gk v o1
Ol A7 ASYT A% Ta HlEAG) oz AgEtt £53 4%
ofEad|9lo] Bha wiEF Uekgle theat 2k

45 o=l He| AR AEH(2/E/move) x R EtA HiEA(kg/2IH) =
2.933kg/move

BAAE 9 AR 2L 5o, A9 k=3 U9l A= AgFL
0.9372E /movesD) AR T MEASLE 3.13ke/IEBVE A gHoick

R ok==ERlY] g4 viEgd2 folld =& A ok==# Q1Y

80) A2 O|ZcO|AE 22012 STASHEV)2 HIZH M2 AN EAHIESH 7142 X6 112
B XZTK| 60%7 12 AS3UCE K| 12 7|1ZO 2 O|MBIEIA 112 HIEE 4= Q= ISR 72
717t 40R22 AU 21 £EMK| S8 2020H 2 =Y HAWSH AN 2= 227909 2
(2 309% &) &= 2017 HECH P2 CHT HiLE SA3HCE 55| REAT AIME A2l S0 8%
M| HOIA MIA| AIE2] 90%7 1S OB RACH JI2{RF A0 Heliel= HAHSH S30| 245| Z0E
MM 7t2{0| FSot1! UCH AF0ME EY|IHCZ M2 F i £&01 t5 80R=(8tst & 108t
8,170%. 38 2% Z7} 7|2)K| @8 4= QUL B 10 QUCH BHH St=20| EAHIEH 7142 L—IME
20|11 QICHH Y2 le mA(AM: 2021, 11. 10)).

81) uilboer(2007)7} &5t A3 Ao M2, 0F=32212 ¢ 28.12|HE ALESI0] 74H|0|4
30moveS X2|ZHCH 0] AIE moved Y& AFRTOZ SHiolH, 28.12|E/30move = 0.9372]
El/move?t LE2LCH.

82) Rijsenbrij and Wieschemann(2020) Kuilboer(2007), p. 115.
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g4 HiET ATelol A2, gamied e Sste] AR g%t
A2t g

HH?(2.933kg/move) x HMZ|Z(moves) x EHAHIEH AIM|(R/kg)

P A Eed AR HefFo R Ao, of=IH|Ql A
2l Altel] oA IRt A2Esw ol AEloly 55 /8 5
7t= a2sof gith. &4 g ol|et &% Eo|HE WHrolA A7t
B2t 4 gAEolH= Yol S Aot o|Fo|X R, o= #|Qla} F
=g Q19] FF 3147} &t} o] AL, ofe el NS Fut HYEs
gt 2ot vl 24 AgolU= gt § ¥ B B F Aot
ojFojAug, of=IHR19 HF Sl HIHQ HF 39 247t
Hrt o] A%, ok=a Rl AP et A2EsT 2uioltt. Egel
9, of=agRle] A2 It MHEsE 5 &H AHoet &9

ZAHoUE WHrolA APgst & ghofiof gt} o, 39t HelEed2 gyt
Hog TEU &9E AFESEE, moves/TEUS E3] TS TEUOIA]
moves® ZHAHS|of it

el = {(EU M2SSY) x (&H HHOIH HIB) x 1} +{(FU M=
) x (2 ZHOH HIZ) x 2}

SHAE A HIEEA AR ZE ] 20219 9¥ 269 7]&E, EhAH
=4 AAE B9 29,20090] 12, kA 29.29/kgoltt. o] F 71&
oF ohH HH OLﬂﬂﬂ o] AglolY S AL o HHAYs= E4a

HIEFHS 85.644U0 = AFSE &= Utk

==

A4 ZEoly Eude] Z9, 7] ok=ad/le] A viEE2 Y]
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op=HQl wel M g ] i WiEALSe] Fo A
£2F 4] ok=aA10] i WS USl theat 2.

H7| o=l TR M3 AFBE(kWh/move) x 7| B4 HiEA S (kg/kWh) =
2.66kg/move

BARA 9 AT 2AE B, A7) of=adel Bel AY A8FL

4.5~5kWh/move83)2] F7Hkel 4.75kWh/moveE &85, 7] g
Hj&A5E 0.56kg/kWh8d) & 2-8319tt.

7] ok=Aeelo] g iRl oA 5T 4] ok=a#sle]
chn WlET Aekglo] Ao, BanjEd /A Fsto] AgE Bee
Ao theat gt

HHR(2.66kg/move) x XMZ|Z(moves) x EAHIEH 712(R/kg)

P Al sTS AHIHRAY AT AR, of=aF|]l A
2lFe AN Hside It H2lesd Aol AHelW 25 #¥e +
7F aEsfof gtk gk AHoluet & AHoIUE WirolA A4s
HA}, 22 ZEolds ot 2 A5t o]FojA g, o= Q1Y /by
AL FHF B7E 2. o] B, ok== ]l ARF2 I ATEE
I L g &Y ﬂﬂlolﬁL ot i Ee R & Hspt

ojFoER, of=gd]le] He e A HF 2 247t
E1E‘r o] B, o=l Az|F2 ’%‘ A EsTY 2uljoltt. F3s

ol Rl AF2 I AHEsHF 5 &4 AHoUY &Y
ﬁﬂ]olﬁ% LHrolAM AbgRt & ghefjof gttt &, It ARleeds Ut

83) Rijsenbrij and Wieschemann(2011), p. 78.
84) Rijsenbrij and Wieschemann(2020), p. 115.
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ol
o
I
HO
0\.1

SR HEksol T 04

Hog TEU WS AFESIEZ moves/TEUS E3)] WS TEUOIA]
movesZ 2HAFSoF Sttt

el = (S X223 x (2 HH0|H HIE) x 1} +{(&U M2 =S
g) x (+E¢ ZUHOH HIZ) x 2}

SHAEA HIEEA AR ZE 9] 20219 9¥ 269 7]&E, EhAH
24 A= B 29,2009€0]11, 3HAkSHH 29.29/kgoltt. o] 3 V&
o2 5P 7] of==dQlo] ZHelY sftE A uf HAYsh= A

HiEFH 77.672908 AT 4 QU

==

@ 0% 2
ol Aol ooz AAolHE 2%
32 A, w}aw AL} Holol e s Aol

A 9] 2 B B9 Hh MEASS Foz
A% ol% Aol g WY o 2

43 0|5 A2 T 32 AFEE(2IE/hour) x Z HiE A 4~(kg/2IE) =
23. 162kg/hour

AR 2A1E B9, A% ol A Ty AR AT 7,428 /hours),

% w2 WiEASE 3.13ke/E0S MBS

& Aol B wETIL Qo) mE
e

A% ol 2
AZY, BakEd hae Fotol AgEct. Fed

5) Rijsenbrij and Wieschemann(2020), p. 115.

8
86) Rijsenbrij(2020), p.115.
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A ket Pt

HTHR|(23.162kg/hour) x 2 AlZHhours) x EtAHIEH 714(%/kg)

+Y A2 A 7HE AR, olF A 4, olF ARY 7HsES] HeE

’

2Y AR = (FH 718 AZH x (015 A ) x (015 A 7I5E)

FAARL HEBAY BE BRE ) 20219 99 269 71, TaH
29 AL EF 29,2009011, FASHA 29.28/kgolek. o] G 71E
O SW AY ol AL 147 LIPS ) B i HEFAS
676.33908 Ae % k.

4] Bude] A4S, A7) ol Ao i H% e 7] ol A
9] A AFgt wiEe) B WiEAde] Bor Agu £2E A7)
ol% Ao wha WiEF UUSl thewt @t

7| 0|% XIZ Q| M A2 (kWh/hour) x HHE{2| EtA HiZH|4:(kg/kKWh) =
11.5bkg/hour

A E 9 Am AR B, A7) ol AF &Y A= AR
15kWh/hour8?), e8] g4 vi&7l5E= 0.77kg/kWh88)(Rijsenbrij and
Wieschemann, 2020)& #-853c}

A7) ol Aego] Shh WiEFAL QoA £33 A7) ol Akl e
& Ausle] 99 Az TauEA HAE Fatol APt e

87) Rijsenbrij and Wieschemann(2020), p. 115.
88) Rijsenbrij and Wieschemann(2020), p. 115.
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g
2
I
HO
0\.1

T Bojsi=e ot | 04

298 ARke A 7HE AIZE ol A 4, ol A HEEY Foi
A

(BG AlZH = (X 718 AlZh x (015 &t ) x (015 A 7SS

=4 HEEAE AR SFE 9] 202149 9 262 TIE, A
=1 AAlE 9 29.2009€0]4L, EH4tstE 29.29/kgolH o] g2 V1€
oz st At olF AR 1ARE 2FFE W TS H4 viga e
337.26902 AT 4 QU

@ 7|t ZH|

2R AEA, o WET S 71E FH9] oluRd2 A4, A4 BF
A= HuskE o] Sl mEhA, ofuz|de] Atolo] whE A wiE A
ol A =t 7IE BH g seg2 Ve Y] 29 A=
ARSI} A9 whA WiEAe] FOoE ARHET =EH Ve gH|Y] ghA
HEF ddtle ted 2.

7|EF M| ©| ¢z AZZ(2IE/TEU) x dF B HiEAHI(kg/2H) =
1.909kg/TEU

g 2 B, )8 g

| &9 A= ARE 2R 2HAY &
A= AN 0.612El/TEUN(HS-

A 5, 2007)8 ALotal, FH =

ol
b

89) AL 21(2007), p. 27.
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&A= 3.13kg/2IEI9(Rijsenbrij, 2020)F -85t

7|e} Z4H]9] BhA HiEF YL QoA =E3 7|E 9] B4 &S
Aol A, sAmEH 714 Foto] At Aelst 412 23
Ztt,

2ITHQ)(1.909kg/TEU) x HMEZIZHTEU) x EAHIESH 7123(”/kg)

AL A Jak AelE S 1L 7Ie FuIS Ao e
of ¥lL 2g3fe] AT, JIEt Gults FAL OIS F2 AFsuz

=
1o
)
O
filo
H
ol
=i

716k ule] Az WA et AzigEgo] Baeo
of Ay,

gauiEd 7HL AL MEEAE R SHE A 23T
AUt 20219 9€¥ 26Y 7%, ©AaHEH AlAlE EF 29,20090]1L, it
5 29.29/kgoltt. o] ¢ 71Fo 7 3P 7]Er Au|7} Agold 1TEU
£ AEYE o Dok T wiEFH 55.743€ 02 A & = Qi

AHloll= A715 ARSI 7Pt U] 270 22 AdZgollAl Aef4l

90) Rijsenbrij and Wieschemann(2020), p. 115.
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B 4-10) 0| 22 X2 2%

o= 24 B0 LA o
A M2 SH 2,700,000TEU
moves/TEU 1.6
3tE MR HIZ 5 23%, Y 22%, 5 55%
SUH 0| HiE 15%
2rHI |21 Off AR H71
EC e 14
OF==22{ 2l o AXIE 3% 71
Of=2Ql 5= 38
0% Rk Ol A4X|A 4% H7|(HHE{2])
01 R+ 79
015 X2 7t5E 60%
2|X| AB{AH Of LRI 4%
IR AB{H 4 9
B oS ofHXIE 3%
B HS2 = 14
EAHIEE 714 29.2¢/kg (20214 9% 262 7|&)

bRl T HiET A2 offe] B} o] AT & o AT
2t A ESTHTEU)O| moves/TEUE H-85t0] A3t

Xe|gk = 2,700,000TEU / 1.6moves/TEU = 1,687,500moves

—?ﬂ
X,

o3 #|019] B4 HiEZHL Afalo|t A14] Huldo] AL =
21880t Qo7 AR E Q)
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re
o
re
=
iy
ol

e
gl

5
uy
i

H 4-11) ot

-1 -0
= EtA HiESE - EtAHHSH -
sta i 2|2 214 EfA HiEZZ2H

TH2iAl EID|E | 4.424kg/move | 1,687,500moves  29.2%/kg | 217,992,938%
MAEOIE | 4.424kg/move | 1,687,500moves 29.2%/kg | 217,992,938¥

OFEIH QY] T &GN ofefo] Lok Zol AHT 4 k. Ao
FHmoves)> A7t HLUBFHTEV)ol moves/TEUS 2-&3to] gt
T, @4 Ado]ueh 559 Aol throlA] Akl Fatsiof sict.

XMel& ={(2,700,000TEU / 1.6moves/TEU) x 55% x 1} +{(2,700,000TEU
/ 1.6moves/TEU) x (23% + 22%) x 2} = 2,446,875moves

of=I 1] g wiEa 2 A4 Eude] Feoll= 21085 4,
A4 EEE o] Aol 190WRE og ARSI

=
oz

a1

A=

(E 4-12) OF=ET Q| EtA HIZZ

- EfA ST = EfAHIEH =
st oicto; X2 |2k I EtA HiESFNH

Al Hold 2.933kg/move 2,446,875moves 29.2¢8/kg 209,560,163

AAHO-E 2.66kg/move 2,446,875moves| 29.2%/kg | 190,053,675

—

ol o] wha WAL ofefe] ot o] APYT S
Zhe Az A 748 ARl ol Xjpe) 49} 15 RS 17

A AlZt = 365days x 24hours/day x 79 x 60% = 415,224hours

(L

y

ojF A2 T vigw 2 A4 Eude] Aol 2808 @, 414
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H 4-13) 0| XK B4 HiS 3

- o =
_ EtA HiZSE2F EAHIEH =
sp= oycto] 2 A2t pIEs B HiE S

XAl E0jg | 23.162kg/hour | 415,224hours | 29.2%/kg | 280,828,448

LA D 11.55kg/hour | 415,224hours|  29.28/kg | 140,038,446%

716 gB|e] g wiEg 2 ofe] B} Zol A 5 ot AT
Foll SZEolY HlE&e A-8oto] APt

=2,
l—J

XelF =2,700,000TEU x 15% = 405,000TEU

7)et o) wha wjE ROl Aaloltt 414] Eude] A9 SUsH

239N Yoz APgE It

—
S

H 4-14) 7|E} ZH| Bt HIEFH LY Zat

EtA HiS2E
2icte)

oot

= Haly £ HEF
K24l B0 1.909kg/TEU | 405,000TEU = 29.2&/kg 22,575,915

AAEOE | 1.909kg/TEU  405,000TEU = 29.2%/kg = 22,575,915%

N4 Eulde A euds vas wavE g WeloE @zt

160,296,4899< A& 4= QL
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(B 4-15) EtA H|ESZOH QI ol ALY Zin} =5t

B9l 2
&= Mzt E{0|E(a) LA E{D=(b) HY(a-b)
SEEET] 217,992,938 217,992,938 -
o= 30l 209,560,163 190,053,675 19,506,488
O A2 280,828,448 140,038,446 140,790,002
7|+ 2| 22,575,915 22,575,915 -
& 730,957,463 570,660,974 160,296,489

JEt S AN PEeast Z A9 AF FuY LS 5
sel Ae) HAEE 3 BHUEe) B 59 4 3

A HIAIR S B S5l 71 Huldz ASEEA T

+989 Hlaegd(Areld vig)e] LA "ot HPAsHE =
5T U2 EUE W9 Ee 7HSAIA 4S5 Al wlde T

53] o2 737 HAlaEol oFoiA|A] gl whet Sk it ARelA
718]u]go] drgstt. Huldel &7 Al 7.3l 8] di71shs 3129
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I 2N HojS

178X 2] B18)2 S22 27]eE0] AlARt

] le)
whe} Seke A4EH]g, AAAE AAulg, TAolet ] g
52 BE BT F S Yeko)

wakA] Al guldo] Adte]] k= AL o
Aze] AAEl GO R A2 % 9lov]
Qo

efat At ¥l go] BB

olefat BHE450] AllA] 73]
AN A0 BAA Heloz apdsks Zo] Wastch gy
241 89) PtaINE AIAY

ol o

31 m]A]90) e
183tk AHAJste] WAk we)

o
=

o

=
H

oz QI oy
ot
2) Arery

[

7t ZEo|HEE

1€ Huld9 24t Astadb= AFRFrAIYY Al(Without_case) 3H&0]
T HollA AR = 2 A4 HE= oF7|5H] dioll AFAAIEY
Al(With_case) o]2]3F AFS] 2] 7]13]8]-8-9] |47} 7haslth. Yol H-L7
MEEEHEEDN B RS~ = 2 71 (20179) 04+ 7] Erde
AT dstae] gt A4 AL Sote] WHgste AoE A&
ottt webA 71E Huld oA 4% delavs BA14 Helo
& A4St Zlo] Basith

P
o= T

HO|g2el =8=

_ AFAOJA3(without_case) ETH|E — AIRIAISY
oI55} (with_case) E2XHH|8
40| Xt (CtASH(TEV) + (ESH(TEV) - ol%s
AN Bt - =) /(SR X HSARHARD) x 3
Seka S0/ \RPIX|TED)
91) ZXHE-014%31(2001), pp. 180-182.

119



AGAL Y A Y
e S N T T
o ARPHAE 8157t @ 99 BHe] SEAIZH R 1A AR S
OfFOl(WTP) 2.2 HOJ3t 4 9lr}. 2] S Alzto] Arsinl R ux),
AENE A7 59| TP BYSHEE Eold ALY BN FA
54 4] o]g} e 829 AZPINE BoE Tstelof AMakE Ao]
P e

(H 4-16) HO|'20|| [E F7H|E LYt

= A EOE B HOIE ey
20ft 15,200 15,420 15,310
ALjOHE(R)
40ft 21,700 22,050 21,875
20ft 7,500 7,680 7,590
THEZIR ()
40ft 10,800 10,630 10,715
20ft 22,700 23,100 22,900
4207 H()
40ft 32,500 32,680 32,590
720213 YA MAISH2Z 7|1EY
HERFO 71 S4H|82 % '9'3?‘1?—9] AAotd 82 ol HFES
60%= 7Hgstal APgstoint. FIuER-EArg el AH[etgd/dRA BEAF

AFAZW,NA AN A FeE ol gathe THgalel] ATFEEES
AH HE oI AT A ok X 20T A9, ol
a9 409 5 37K Hgo) T oleie 378
Aol W82 7Hste] ol 31BY ARPIE Westel A8stert,

Y= sk=9] AR 2ol FAE 24 diwdolr A8t o=
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E 4-17) Y22 ok=29 AZIA| HEE

USQUARET)  HBEIHRI/ARTEU)
zo 82
40ft 20ft 40ft 20ft
ks A% 3,000 2.200 32,069 | 23518
S0lMet 78) 200 2900 1,900 31,000 | 20311
NEE S 2,300 1,600 24,597 17,104
(2o, SEOL =) | 49 1,800 1,200 19242 | 12,828

T 22 B4 GA MEZ AIMEH 2es ME(20219 AIYEH 22 1,068.92/100¢).

L 7IEF SE(@YY YRS A2
uEFFARA BN S BAE 5414
a3 9 Aehest Hlg AYaTES Tejstel ZAY B4 Sy
oHER A HIA0) AR QY YRS ]8T H9-E 7
stol AAQAIY-ALuIAY AE T B9 A FUER) FukEw
£ S0l 2 Al u8e] WS 1 & gtk B A
3 A ma@%a%

wbA A AEE-Z TLefshor SHAIRE, “FdF HERTF Renewal A
et A M= o8 LFHA] R & HAEoA = AdHre bj7]
[&Ete 2539 $716 WE Hujde] S5k 718 tiAlHsE stof
‘TS AaIl e A4 Helog 2ylsle] BAEl9t Huldo &

jus
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ES, EEAIAZWONA AF ] ALY AR = A H

BA512S SAH0 R s A ) Hrldo] e A gatths
AAZEAS A2 weba W ko] BEES ASEAB/LA oI5
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