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A Study on the Cost Competitiveness of International
Short Sea Shipping in Korea-Japan Route

-Lo-Lo and Ro-Ro Shipping Transport-

ZHENG, XUEBIN

Department of Logistics Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

With the rapid growth of international trade, international logistics has
become a significant economic activity today. Under these circumstances,
companies are continually striving to improve logistics processes, reduce
logistics costs, and maximize the efficiency of the supply chain to achieve
better performance. In the development of international logistics, maritime
transport has always been the most critical mode of transportation and a
vital component of the supply chain. To enhance maritime transportation
efficiency and realize more smooth international multimodal transportation,
container transportation system appeared in the 1950s and Ro-Ro
transportation through container was gradually getting popular. Recently,
European and North American advanced countries are actively fostering
international short sea shipping to reduce environmental pollution and
congestion caused by road transportation and to improve the efficiency of
the transportation network in the region. The Ro-Ro ship is attracting
attention as a significant transportation means for short sea shipping due

to its advantages of quick and convenient loading and unloading system.
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Northeast Asia is geographically suitable for fostering short sea shipping
and economic cooperation among countries in the region is actively
underway. However, the market share of Ro-Ro transportation is abysmal
compared to traditional Lo-Lo transportation. States in this area are also
attempting various cooperation to improve international logistics efficiency.
Among them, Korea and Japan are supporting the development of a
seamless logistics process by encouraging the companies of both countries
with the government-led initiative. A representative example is the double
number trailer pilot project based on Ro-Ro transportation which started
from 2013. Therefore, it is necessary to have an accurate understanding of
the competitiveness of Ro-Ro and Lo-Lo in Northeast Asia's short sea
shipping market. For this purpose, this study builds a model to estimate the
total logistics cost of two transportation means. And analyze the cost
competitiveness of Lo-Lo and Ro-Ro in general situations. Also, the model
is applied to estimate the total logistics cost of the double number trailer
demonstration project and suggest the growth potential of Ro-Ro

transportation method.

The total logistics costs of Lo-Lo and Ro-Ro were calculated by selecting
Busan-Hakata, Busan-Shimonoseki and Busan-Osaka routes and applying
the same conditions. As a result, the cost competitiveness of Lo-Lo is
higher than Ro-Ro on most routes, and Ro-Ro is competitive only for
high-value cargo transportation. However, as a result of the total logistics
costs of the double number pilot project, Ro-Ro reduced total logistics costs
by about $435 per FEU compared to Lo-Lo by reducing freight packaging
costs. Also, Ro-Ro transport achieved seamless supply chain, which
significantly decreased lead time. Future research needs to extend the scope
of the study to include other countries in Northeast Asia such as China.
Also, it is necessary to increase the accuracy of the analysis results by
applying more variables to affect total logistics cost. Finally, it is essential
to change the perception of competitiveness in Ro-Ro transportation. Ro-Ro

systems should be regarded as the core of a more sustainable short sea

— viii —
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shipping supply chain that integrates maritime transport and port-handling

operations, and more in-depth research is needed.

KEY WORDS: International Short Sea Shipping: Korea-Japan Route; Lo-Lo; Ro-Ro;
Double Number Trailer Pilot Project
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Table 2 <3l +F S4=

93 2011 TEN-T9] Q< wre o2 ghuls)aape]

the Sea(ADRIAMOS)

(works and studies)

. : : National Total project
Project Concept Region/Country EU funding :
funding cost
Green Bridge on Nordic €19,829,297
2011-EU-21010-M g. Germany and Sweden ) €11,592,700 €84,640,830
Corridor (works and studies)
) Spain and United €7,299,307
2011-EU-21009-M | IBUK-Intermodal corridor \ ) €24,689,693 €31,989,000
Kingdom (works and studies)
Mediterranean,
. €1,521,291
2011-EU-21007-S COSTA Atlantic Ocean and (studies) €1,521,291 €3,042,582
u
Black Sea areas
. . . €2,392,520
2011-EU-21005-S | LNG in Baltic Sea ports Baltic Sea ) €2,392,520 €4,785,040
(studies)
On sh
n s org power €1.007.950
2011-EU-21005-P supply—an integrated North Sea (works) €4,031,800 €5,039,750
wi
North Sea network
Adriatic Motorways of o €12,210,000
2011-EU-21001-M Adriatic Sea €44,490,000 €56,700,000

AL&: ec.europa.eu/inea/en/ten-t/ten-t-projects
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Marchese(2002)), &4+

Pallis, 2002)3}7] W&o A& o=

E
ZAFH F7Ee] AAA ALY #AC #I} AFE= Gertjan and
Wiegmans(2018)2] A7-7F thiE 3 o]
RES SHHUTE AASHA IAEAS
T TEWHZ, A Zo], Idx 2

g
[

o rir
ry
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of
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offt
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rlr

GDP %} sss%ﬂol BerE Coed =edel Wrh I 9 ARt &
& A9, ARAot Aes Zeled FE Hojzih

8 A1 WA B A4S AdE Flesy BAAES vlustes ATE
3 o EAg.  Alba Martinez—Lépez et al(2015)2 North Sea<]

Rosyth-Zeebrugge AolA AL paos T2esw faedo] 3w

E@eFol A7 2ad %%a]%v TERAATS st ZElese] BA
HS BASAT B4 A sl FelA SIS E2EEEFY vl A B
03 Aol gle Aol Ro-Paxddre] & &IRES} wME &3 £5&5
BAstE AA sl EResRT AAYo] EAsta, A IFHeF U=
dststal, THEHEEE Fookdt dAT HAAYS FEY F Jves AES &
Z39th. Ancor Suarez-Aleman et al(2015)+ 2¥|¢l nlf=gle 3o nlzAd=g
oA Edtste] ©d, I, WEY, Evf, B2IbE ot BAY EEES
I T EF+EZF] IHh]&(General Cost)S Hl3tATH FY =AolA

F+E2E9 =240 E3nH]&(Monetary Cost), AlZHH]E(Time
Cost), ¢]H-n]g(External Cost)S Z+zt Hlnsle] AbAslgth vluZdy), =4
2y Zeles 7 7F0 ddFoE AAYE JHAD Y3 §F Aol A
o] NAEZ &t HojurtH@ele A 50.11%, E2=ukeAl 23.45%). L8]l

Llede T AT F A =EELFY FHIE aF= 15.88%-76.7%°l
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sl Tiago and Guedes(2017)= Leixoes& 3} Rotterdamd A}e]2] Ro-Ro
& Za% ﬁﬂh—ﬂi@r AA APFE AT =23 ARTHE, BU)8A

Z, HIZEATAECA), =218 S5 QaTSo] ALY o] F= gL
stk AF AT dF wAoA EUL ZgA| Yol Zorrolx o] AZo] 7}

g A"E FFAJY] ARt A AFst= JAHEAA

]
A ol ZgEAYTT B £ Utk 0@ THFAU BF JAEAL 27

=k (Strategic), <4 (Tactical), <4 (Operational) #E= o] 7}53ttt.

A=A gEe »==(Node)et +4'd(Transportation Channels)S =5 3133
FUEHZ "ARI(EFERA], Bi7ls, Aibsd sol £3)o] 3=,
Pz

YESYT ndd o|4E2 AAAZ AESY

B ATES TEFEREY A9 Lot S Bt FJ EH a4
g3 9 9ole] BAZE v3d]7] Yste] F= Stated Preference(SP)71¥ o] A
Atk 1 F Hensher(1994)= SP71¥Hol thdt dukz el 7/4A-S £} SP
71 S vlwA AA A oE AFEE Cullinane and Toy(2000), Grosso, M. et
al(2010)¢] A7} thE A olt}. Cullinane and Toy(20000= 7]&9] 3}ESEFH,
AR, ARAYN #HA% AFES BHEAE *@&@ Wﬁﬂﬂ@mwm
Analysis) W& Sl 2HF
ToA= SP7IR# #HE E VA APATFEY FoE %k—% Higro = A
43 Ay T8 AR sAT A
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model& &3ty B4& IP3AaL 7|E E2LFNA FEedH e
2l gk =2 g k. Kim et al(2017)+= wEHE=
o 714, g, FAL e FEESTH Ag A3 gAEAR ZEA
=3 Sk digjdl s tid o2 SPY
H O HAEZAE YPstar F 7FA latent class(LC: Fixed Parameter Based
Latent Class Model(LCMNL) & Random Parameter Based Latent Class
ModelLCML)) =&-& & 83l A3ttt ol 4S8 Tl ART=o] &
oS MAdste E2F SE5& 7|EH WA o ® Hestsd 2AE Asst

A AEREe] Al RS Aaste AF S5& A2 AR,

Ll

ool &FlA Lo-Lo¢t Ro-Ro 27}A] &FsdeS At ZAHES vud
A& Francesco et al.(2016)¢] AT7F tiEZHo|th. IRt o R Za 5 =
2Fe vusts d7EH 28 F Ao TAEAE WielA Lo-Lo&
S Ro-Roe$4 s st 5 A= olgeotet AT &+
A9 s A3 FHE WFeE E28F0] B A9nt E459T 4
TE 37 935kl Aggregate Discrete Choice Models Z &3t F 714
=5 e EEe RSt d7ZEsE Ed, 1,000kmolst A elA
Lo-Lo& AHsl= 7ol Ro-RoEtt 25 %2 oy 1,000km o] &FE o
2 Lo-Lo ¥4l< A9ttt 53] &5 FHA7F s|Bddold Lo-Lo %4
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A 3 A FF-AdE A Lo-Lo/Ro-Ro &I 33 £4

3.1 Lo-Lo ¥ Ro-Ro &% 78

3.11 Lo-Lo %9 &3

19553 AMAl Hzo Aeolyxl  ‘Ideal X’ 3o THLE 7|E 43
TS gr1H oz upAto] g9tk ‘ZH o] sHContainerization)’ ® 3h&E
dAHo g Aol Frto g Fvtex Muto g IEs A1 weEr] 9
e agar, 19599 AMA HZE=S HElol =d# <(Container Crane, C/C)
o] ME=Ew g oY AHutel &8&e FETIZ FUIs7] AlZSFA THCho,
Yong-Seok, et al. 2007). i &rke] A 1972d 9€ S AdH oy HF
Zlo] mpAEHHA AH oW 5o 7S] FHEJYH 19829 =l 3 HE| o]
Y AEEF FAard Ao AZEE = AEol FEAIt It
& #H tHThe Kookje Daily News. 2005).

e
o do

e

A

L 83 AdHoYE A= WAl Lo—Lo(Lift—on/Lift—off)E‘ri =

a#Y dRoME Au AAe FEde] AAEY & oF - 3} Z}%‘.ﬂag &
ok dule] =2 9l

stch2 AT ol A= Lo-LodS ZAH oW A AR 22 Mdez &4
3h7] W] 2 A

T&3t A

1) 22449, Matgrsf8ojAbs _“Lo/Lo Ship”, sh=s]dofsty, Accessed October 1, 2018
https://terms.naver.com/entry.nhn?docld=382244&cid=50328&categoryld=50328

2) GlobalSecurity.org_“Lift-on/Lift-off(Lo/Lo) Ships”, Accessed October 19, 2018
https://www.globalsecurity.org/military/systems/ship/lo-lo.htm
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3.1.2 Ro-Ro 249 &4

Ro-Ro Roll-on/Roll-offo] <Fzt2 XMute ZHAH SFExA 7} dxto) A nlF
£ & stdE F e BAE ou|dth Ro-Rode AW =2 Aute] 2|
AL ZBuilt-in Ramps)E B3l 9=, o] Holx Z#AES ol &3 FES
& - A&tst= Lo-Lod = 7Hd 34 283t drh

Ro-Ro9] AbxZ 7jd-e 19953 SOLAS(SA 841 ok & eFol
Ao, AA I FE&E 19471 Fo] W A Aol daE FEshes F3
o= JEE Aol Alzxelt}, 1851 First of Forth Ferryw= A4k yoj
Alste] Ao & Eol Fg a7 Al ) ARl SeA A5 T
Ul =714 sFslF= JH=E EHAJY. S, v E S8 2ol
A} 240 Eis S

A @the] Ro-Ro 43 71dd LAsks Aoz Add 4 Stk o]%F 1995

>
o
Al
Lot
i

=)

r{r H—l

32 3=-98 A A EFF R

A2 @ Al FIeln AA 69 AEColUdRtelty FAkgelA
AA E5FY 75% FFolH, :qu =59

209 E Aol7} obd HEolHe A 1 24_01 1 HlEste] @9E TEUR T
st dE 50] 109E Zeolo] AH ol 0.5TEU, 409 E Zol& 2TEU, 1
g3l 459 E Aol HE oY 2.25TEUR bttt =3 dgd A&

3) IMO_Safety of Ro-Ro Ferries, Accessed November 1, 2018
http://www.imo.org/en/OurWork/Safety/Regulations/Pages/RO-ROFerries.aspx
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(CAGR: Compound Annual Growth Rate)& =2 (D& &3t 4k 3.

CAGR= (""/(Last Value/ First Value) — 1) < 100 D

Bargre] Aol EF%e 201233 16,956,000TEUA A 2017\ 20,412,000TE
UZ A"T 3.78%] HAES Hols T ALHow Z713AE Hola gtk
1 F FsokAlol, Hwug B AHlY &5 o T5%E tiiE-ES At
AstH, B =FdA & FA-IE 1 =449 49 20123 2,594,000TEUI A
2017'd 2,942,000TEUZ ABHF 2.55%2] AFES Hola Jo. 53] 20173S

2 al
7o 2 AAEe} HudS W 4.7% SUHES Hol= 5 FA-dE 7He] A
oy TS HT O A ok Table 2= 2012-2017d H-4+-5
2 A9 8 Aol BEF wakrololrh

Table 3 F4t-F2 *9 ¥ HHY &%

(&$): ATEU, %)

2016TH ]
T8 | 20129 | 2013 (2014 | 2015 | 2016 | 2017 CAGR
201757+&
A 16,956 | 17,682 | 18,683 | 19,469 | 19,456 | 20,412 49 378
(¥1&) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) ' '
=5

5444 | 5,770 | 6,095 6,242 | 6,223 6,535
ofA| o} 5.0 3.72
(321D | (32.6) | (32.60 | (B2.D | (32.0) | (32.0)

(P&
Fuls= | 2,821 | 2875 3,015 3,353 | 3,353 3,678 9.7 6 45
(¥l&) | 166 | 163 | 16D | A7.2) | 172 | (18.0)

dE 2,594 | 2,758 2,804 | 2,755 | 2,811 2,942 AT 5 65
(M8 | (153 | (15.6) | (15.00 | (14.2) | (1449 | (1449

71 et 6,097 | 6,279 6,769 7,119 | 7,069 7,257 97 354
(&) | B6.00 | (355 | (36.3) | (36.5 | (36.4) | (35.6)

Sha-d &2 7+ HAHolY A7 WEYIE u§ dEEAS Y Lo-Lod
o ]E

A7, FAk-2A
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2 20173 263,225.5TEUS 7|23ttt dHF A5 7
20130l A 2017 3d7+A) 3.64%E Z71FAE Hola glom, E
2017d B2 ¢ 7.1% IUIekeE 5 4% FUHE Hela 9 2
749 2013 @ 251,009.75TEUS A 20173 200,544.5TEUZ A -
A8S Byon, 20161d iRl 20179 B =3 oF 24% 743t
F ZaFAd vk wA o R BA-AREA7] =49 20139 &
STEUE 71E3tdaL, 201799 79 37,028.25TEUE 7|&3te &
1.71%9) A" AFES BIoy, 2016 il 2017399 E5HS @
. Table 3 2013-2017d F4k HE 37 Ao A &%

offt
ol
rlo
w
o~
ol
(o)
w

Table 4 2013-2017'd F-4t-<LdE(S}7FE}, A A 7], 2AD AH oY &5 %

(&$1: TEU, %)

Ad g
T& 2013 2014 2015 2016 2017 o CAGR
=7
SH7FE} | 228,180.25 | 244,674.50 | 237,200.00 | 245,824.00 | 263,225.50 7.1 3.64
ANEAF) | 3459350 | 3411050 | 36,219.00 | 38,370.50 | 37,028.25 -3.6 1.71
LA | 251,009.75 | 256,582.50 | 212,713.75 | 205,392.50 | 200,544.50 -2.4 -5.46
AR FATFAL, ALY FVEF AR A 2 W(BPA-NET)
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Fig 3 2013-2017\d F-4k-st7tel HH oW =& W3}5ol(TEU)

45,000 == = =

40,000 Tt et Ve JUEA270.50 7.028.25
34,5093.50
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Fig 4 2013-2017d FA-AlR=A7] AH oY E5%F W85 o|(TEU)
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CAGR :-5.46%
25100975  256,582.50

250,000 21271375

|
! 05.332.50  7pp 54450
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50,000
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Fig 5 2013-2017'3 F-4F-2A7F HH oW =& W3}5ol(TEU)

3.2.2 Lo-Lo ¥ Ro-Ro AH|o|Y &% 8%

2013 3-20171d Apo] F4tgkel AH Y &
o

o] FFS W 2016

Ro-RoMo] Helst EFFL 1384 TEUo| ¥3hstel 2aah A4 o]y
7% W F, Page Fu auay g4 WEgZs} o
So= 2733 Lo-Lool M3l Ro-Ro BEo] m g A=ge & +
Aot o Table 4= 2013W-2017d AFHEZ FESIY FAH oA Agg A

2435 Aylolty. Lo-Lo %0 #Hl3l Ro-Ro 2%0°] dAA3H

ot
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AR Y el R 10709 EERE 60715 ole A7FEI F55
of ¥FHL ATk AVIFEI FHH I Futeles B, LA, diAbE,
Ak, B AN, S4ME, IRE, Hed, 23% 5 10707F A, 6070
2ol 3 v+ Table 59 2t

Table 6 < A7x=Ade] & W HFID

A ey Rl

Aol CHIBA, KAWASAKI, NAGOYA, SHIMIZU, TOKYO, TOYOHASHI, 8 Ports
YOKKAICHI, YOKOHAMA

kAl | HIMEJI, KOBE, ‘OSAKA 3 Ports
AKITA, HACHINOHE, HAKODATE, ISHIKARI, KANAZAWA,

oSS KUSHIRO,  MAIZURU,  MURORAN,  NAOETSU, NIGATA, 15 Ports
SAKAIMINATO, = SAKATA, TOMAKOMAIL, TOYAMA(SHINKO),

TSURUGA
ABURATSU, HAKATA, HAMADA, HIBIKINADA, HOSOSHIMA,

gz IMARI, KUMAMOTO, MIKE, MOJI, NAKANOSEKI, NAKASAKI, 18 Ports
OITA, SATSUMA SENDAI, SHIBUSHI, SHIMONOSEKI,
TOKUYAMA, UBE, YATSUSHIRO
FUKUYAMA, HIROSHIMA, HITACHINAKA, IMABARI, IWAKUNI,

e [YOMISHIMA, KASHIMA, KOCHI(SHINKO), MATSUYAMA, 16 Ports
MIZUSHIMA, ONAHAMA, OTAKE, SENDAI, TAKAMATSU,
TOKUSHIMA, WAKAYAMA

Ag FAFEY FmLA S

oA A A7l T FA-sLE, FA-AI R A7), B4 AL F 7R
Aol A4 Lo-Lo¢t Ro-Ro7l 3582 &3 Folghe FHoll 278 & =&
oA Ml - BAS APT AHr|cdeg HASA AL, Fig 69 A=Al FAIS
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93} E %25 (Terminal Handling Charge, THC) 6717} &A1ttt 2 AFoA =
A BAEFHIANA AATT FoiH & &S F&sr AAT W& o
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A A AL S (WHARFAGE, WHA) USD 4 8
SEAL CHARGE UsD 7.3 7.3
TOTAL HANDLING CHARGE(THCKR) UsD 106 143.2
A UsD 214 255
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F@ vlgol AUHOR B Zloli AAES] AYAE F Ao|th(k, 9 2L
A9 WHR HEE LEAF A4S Bd 42 5 g H2 AL
Sk BHSE SEAZ RS 93 AFE wgol FieE ¥e Zolw
AAEe AUAE A4S Rolth(K, % 2 A9 olgd AFBAE At &
A8 27 Sto] L5 g3 £HAT Aole] HABAE WIHAD IHT A

p=p1+potpy T oyt s+ e+ prtps (6)

g7l A pe FEQ AL EAHIEQ@A 847 FE JFA oA A=A S H]
=, %), p& A BPHRo] & TEX A ZA = BlF (%), p,v A &F
H-§-o] &5 7FA oA ZASkE B, py2 AT Algo] E A A AFA|
= HlF, v = 5, FF B oHjEo] skE VA A AR st HF, e
AZE B3| o] = TR A A EHE W, g2 ARE olATL St 7FA]
A A S B, p2 AXF AVPEARIZE SHE VA oA AR S B, g
AF-H G Hl-go] 8= 7R oA A8t HIFE o3t 2 2471 2A
3l= HF5S v Table 133 Zth
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Table 14 &5 & 2= ANEFA S

4 H| 5
B2 p, 0.25%
Ty 0.5%
s py 0.5%
skl BlowlE p, 2.5%
Bk p. 0.25%
o1 2k pg 6%
A7V pe 5%
7S G pg 10%
A 25%

A= Alford-Bangs

Alford-bangs =& 7]¥to 2 Fedex:s EFAE7}

Az ge fdo e
Hzsige] Az go]  UuksiEe]  A7h]
Alford-bangs & el Ao B, A, A7, %

Astol A4

=
] FedExe] AHl2mol=o] 278t Al zAzke] 2842 Fz3 QA
ol

U

, LA R 20 GG Bl o)F, B
&, J2angEHEE, e Hos Az g stolu s ET YutsE
of FAARJ]D AHE AFEE AASRH. 2HA - o

Table 149} 2t}
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Table 15 FedEx SRI oA A A8 EADTHFH L 8=

General | Hi-Tech
Factors
Cargo Cargo
capital cost i *x
handling, insurance, taxes, transportation cost 1% 1%
storage and warehousing facilities cost 4% 8%
obsolescence, damage, pilferage cost 15% 30%
Total 23-26% 42-45%

Note: **= Prevailing Commercial Paper RatesZ dHFA O Z 3%-6%E
A+&: Yang Lixia, Zheng Bo, Zhang Yi(2015), Study on Cargo Transport Time Cost,
Value Engineering, 2015. pp. 189-190

=

e
RO S [ N

stEo] AR7HAE A sk7] A stE e S mE AlZtel gk
gjetate]of gk Goyal and Giril(2001)& 35 EAS ZAR B 7Fe}
AANERHT. & T ALY Bu7IRS =23 A A7l He
< 25 g HAse =2 ERst Arlde AFHEE, FUE T
AR Fo] E3E = o]Hd A FS AZke] Ao met AAR AR ALY
A=A AT 7EA7F g=sbr] Wi AA WSt sEE 5 HA A
M EF= o Table 159 2tk

(e

Collection @ kmou



Table 16 573 &A% 3= &7
38 2R 3] o A
N Azrol Aol whet A F N _
A s He IR AF, =A, FUE
: e anlde] AF Wz <
s L AARE, 5
2ol A s
=l FE/lee] Fu WeA
A7 BASAL | ABAZE ol Bjstefo} shn] AR E, 7,
MASE BB | 2%A @ A Pl WA 5o | HAE A 4F 5
I IE
718t & ol’d 2714 £33 3t= ol Y =& -
A+&: Goyal S.K., Giril B.C.(2001), Recent Trends in Modeling of Deteriorating Inventory
European Journal of Operational Research, (134), 1-16
A 1F77HA S =S &
ol 588

7 m=A F7Fskal

Ao ol Fo ERE ¢
FZA717] oA Hof Cui017)2 &S 7IxEA o ulgk A&
F 3t A= oS Table 163 2t}
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Table 17 3l= 7IX| 54 &AT & &7

s £/ A 9] A
TEH & , ARRE
a7F " AZEe] | AAe] 77 wf9- s=a A|ZEo) =, ol -
3k 3 2 5 AR, 7]74]11]%,
UAE sg | Al whe griazte] AF gE

N
N
N
rr
!~l

o} Azke] Aol wheh
ARG Pohgzol AT 5B

}\\l}\\_}'\qﬁv A3 ’ 01 E:v
] S AAe A= e Ho| & A A
Aol 7+ 9, fast-moving
. olUr} Akl whe} 7Hrhakztol
& o consumer goods(FMCG),
¢ o AE g 98 §
bAel 74A 7L S Azl e A, ARz,
A} = 7}X 7 a1 A7
ol =] o 5Ll O] i 3
A 0ksl & Ao gzhel Hlug BB s} g Al =, gt~ H,
IR, GT 5
o A 2] 7hx) 9} 7AW A o] TAAER, GA EEE
=T =

54S Ad = g, =4 5

ZF5: Cui(2017)

B QATE CuioInelA AAG SHE 2R 20 Fedixol A 493 sHE AT
Mg AR 3 Tedste] BtE Suo] W AZIEGH &S AT
A= 0% Table 175 2Th E53ES A9y AEFRE, AP, 4

7

Y 2 AR BRE FSAG I A AT WPE B A7
Hlgol b BUI ARSI 45% FES ARRT. 2 Fe Aol N
820 ANBAN G 42%2 AV} vpA o2 YuistEe] A BAHE
o 3% HAF.
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q q q q pHL/ q
J = n* OF/ * [ J ok * * pCY
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Files  Seffing

T HE . |
{Select Line)

HE ER , |
{Select Carga Type) '

AH0IN = == . | |
{Freight Yalue per Container)

HHOIH EF
{Select Container Type)

AH O Mz ,
{Murmber of Containers) ' | |

=HIf JI=sE 2= 21 ,
{Loadable Cargo Volume) | |

I EE HE [
i(Use Simple Packaging) &nalysis

Table 19, Table 203} Zti.
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Table 20 #4+-317lE} & 50§

(&$1: USD)
o 20FT 40FT
Lo-Lo Ro-Ro Lo-Lo Ro-Ro
Incidental Expense in Korea $214 $214 $255 $255
Ocean Transport Freight $200 $500 $400 $1,000
Total $414 $714 $655 $1,255
Table 21 FA4F-3st7tel 592 E T EFAIL
(&+$): hour)
T Lo-Lo Ro-Ro
A A ZHEE) 24 10
3 &A1 11.6 7.1
A 2 A THE &) 54 9
A 89.6 26.1
ol o] HoHEN A*A Au® NG AAS A7 2 (9 st
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Table 31 20179 Tl&d¥ Ed L2 AHEAYE 544

Type Run Times Throughput AVG
R (40fH) (CBM) (CBM)
Single Number
) 1,186 56,504m° 47.64m*
Trailer
Chassis
Double Number
. 2,066 94,981m* 45.97m*
Trailer
Container Side Open Con. 4,086 177,297m* 43.39m*
Total 7,338 328,781m”° 44.81m*
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using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Ling;
using System.Text;
using System.Threading.Tasks;
using System.Windows.Forms;

using System.Windows.Forms.DataVisualization.Charting;

namespace Logistical_Cost_Analysis_Program_v1._0
{
public partial class Analysis : Form
{
public AnalysisO
{

InitializeComponent();

private void btnOK_Click(object sender, EventArgs e)

{
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this.Close0);

private void frmAnalysis_Load(object sender, EventArgs e)

{

fregion 3= FFo ZAZ AR AFHE TE

if (Program.cargotype == “=EX“ Il Program.cargotype == “FHE“ I
Program.cargotype == “FAx}E-Z“ || Program.cargotype == “A-FX}E-Z“ || Program.cargotype ==
“nF 82 I Program.cargotype == “Z]AAEF“ Il Program.cargotype == “Zd7+)

{

Program.Annual_Retention_Cost = 0.45;

}

else if (Program.cargotype == “of|&%“ |l Program.cargotype == “IZLF7}7° i
Program.cargotype == “41X412]3* | Program.cargotype == “+#13%"“ I Program.cargotype == “Aj
3“ I Program.cargotype == “3<d“ Il Program.cargotype == “FMCG®“ | Program.cargotype == “
AE G g
i = e |

{

Program.Annual_Retention_Cost = 0.42;

}

else if (Program.cargotype == “Z+&“ W Program.cargotype == “ZAA7|AA“ i
Program.cargotype == “3-3+-ZFHAE“ | Program.cargotype == “Z}2~E]" I Program.cargotype
== “1F“ || Program.cargotype == “%=21“ II Program.cargotype == “Z334“ 1| Program.cargotype
== “X&* I Program.cargotype == “H4-°)

{

Program.Annual_Retention_Cost = 0.23;

}

#endregion
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# region =4 & ftl F *F5AZHTF = OF + IE)

“

~

if (Program.line == “¥2+-3}7}€}
{
Program.TransTime_LoLo = 89.6;

Program.TransTime_RoRo = 26.1;

if(Program.containertype == “20ft")
{

Program.TransCost_LoLo = 200 * Program.numberofcontainer + (30 + 36.5
+30) + (4 + 7.3 + 106) * Program.numberofcontainer;

Program.TransCost_RoRo = 500 * Program.numberofcontainer + (30 + 36.5
+30) + (4 + 7.3 + 106) * Program.numberof container;

}
else if(Program.containertype == “40ft*)

{

Program.TransCost_LoLo = 400 * Program.numberofcontainer + (30 + 36.5
+ 30) + (8 + 7.3 + 143.2) * Program.numberofcontainer;

Program.TransCost_RoRo = 1000 * Program.numberofcontainer + (30 + 36.5
+ 30) + (8 + 7.3 + 143.2) * Program.numberofcontainer;

}
}
else if(Program.line == “X-4k-A] 2= A 7] %)
{

Program.TransTime_LoLo = 87.6;

Program.TransTime_RoRo = 28.2;
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if (Program.containertype == “20ft")
{

Program.TransCost_LoLo = 350 * Program.numberofcontainer + (30 + 36.5
+30) + (4 + 7.3 + 106) * Program.numberofcontainer;

Program.TransCost_RoRo = 470 * Program.numberofcontainer + (30 + 36.5
+30) + (4 + 7.3 + 106) * Program.numberofcontainer;

}
else if (Program.containertype == “40ft")

{

Program.TransCost_LoLo = 700 * Program.numberofcontainer + (30 + 36.5
+ 30) + (8 + 7.3 + 143.2) * Program.numberofcontainer;

Program.TransCost_RoRo = 940 * Program.numberofcontainer + (30 + 36.5
+30) + (8 + 7.3 + 143.2) * Program.numberofcontainer;

}
}
else if (Program.line == “X-Ak-9 Al7}%)
{

Program.TransTime_LoLo = 109.8;

Program.TransTime_RoRo = 37.8;

if (Program.containertype == “20ft“)
{

Program.TransCost_LoLo = 250 * Program.numberofcontainer + (30 + 36.5
+30) + (4 + 7.3 + 106) * Program.numberofcontainer;

Program.TransCost_RoRo = 600 * Program.numberofcontainer + (30 + 36.5
+30) + (4 + 7.3 + 106) * Program.numberofcontainer;
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}
else if (Program.containertype == “40ft")
{

Program.TransCost_LoLo = 500 * Program.numberofcontainer + (30 + 36.5
+30) + (8 + 7.3 + 143.2) * Program.numberofcontainer;

Program.TransCost_RoRo = 1200 * Program.numberofcontainer + (30 + 36.5
+ 30) + (8 + 7.3 + 143.2) * Program.numberofcontainer;

}
}

H#endregion

#region E#H]-&(PC)
if(Program.containertype == “20ft")
{
if(Program.usesimplepackaging == true)
{

Program.PackagingCost_LoLo = Program.numberofcontainer *
Program.loadablecargovolume * 64;

Program.PackagingCost_RoRo = Program.numberofcontainer *
Program.loadablecargovolume * 51.2;
3
else if(Program.usesimplepackaging == false)
{
Program.PackagingCost_LoLo = Program.numberof container *
Program.loadablecargovolume * 64;
Program.PackagingCost_RoRo = Program.numberofcontainer *

Program.loadablecargovolume * 64;
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}
else if(Program.containertype == “40ft")
{

if (Program.usesimplepackaging == true)

{

Program.PackagingCost_LoLo
Program.loadablecargovolume * 64;

Program.numberofcontainer

Program.PackagingCost_RoRo
Program.loadablecargovolume * 51.2;

Program.numberofcontainer

3
else if (Program.usesimplepackaging == false)

{

Program.PackagingCost_L.oL.o
Program.loadablecargovolume * 64;

Program.numberofcontainer

Program.PackagingCost_RoRo
Program.loadablecargovolume * 64;

Program.numberofcontainer

}
}

#endregion

#region TLC A4F

Program. TLC_LoLo =  Program.TransCost_LLoLo  +  Program.cargovalue
(Program.Annual_Retention_Cost / (365 * 24)) * Program.TransTime_LoLo
Program.PackagingCost_LoLo;

Program. TLC_RoRo =  Program.TransCost_RoRo  +  Program.cargovalue
(Program.Annual_Retention_Cost / (365 * 24)) * Program.TransTime_RoRo
Program.PackagingCost_RoRo;
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String instcost;

if(Program.TLC_LoLo > Program.TLC_RoRO)

{
txtRecommendedTransportation.Text = “Ro-Ro*;
txtTotalLogisticalCost.Text = Program.TLC_RoRo.ToString0;

instcost = txtTotalLogisticalCost.Text;
else

txtRecommendedTransportation. Text = “Lo-Lo";
txtTotalLogisticalCost.Text = Program.TLC_LoLo.ToString(;
instcost = txtTotalLogisticalCost.Text;

3

#endregion

#region Cross =& A4k
double CrossX = 0.0d;

double CrossY = 0.0d;

for(int i = 0; i < 70000 * Program.numberofcontainer * 3; i++)

{
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if((Program.TransCost_LoLo + i * (Program.Annual_Retention_Cost / (365 * 24))
* Program.TransTime_LoLo + Program.PackagingCost_LoLo) - (Program.TransCost_ RoRo + i *
(Program.Annual_Retention_Cost / (365 * 24)) * Program.TransTime_RoRo +
Program.PackagingCost_RoRo) > 0 && (Program.TransCost_LoLo + i *
(Program.Annual_Retention_Cost / (365 * 24)) * Program.TransTime_LoLo +
Program.PackagingCost_LoLo) - (Program.TransCost_RoRo + i * (Program.Annual_Retention_Cost
[ (365 * 24)) * Program.TransTime_RoRo + Program.PackagingCost_RoRo) <= 1)

{
CrossX = i;

CrossY = Program.TransCost_LoLo + i * (Program.Annual_Retention_Cost /
(365 * 24)) * Program.TransTime_LoLo + Program.PackagingCost_LoLo;

break;
3
else
{
CrossX =0.0d;
CrossY = 0.0d;
3
3
#endregion

#region 2IE A A

double b = 0.0d;

if (Program.containertype == “20ft")
{

b = 70000 * Program.numberofcontainer;

Collection @ kmou



}
else if (Program.containertype == “40ft")
{

b = 140000 * Program.numberofcontainer;

int ib = int.Parse(b.ToString0);

double[] yValues_LoLo = new doublel(ib * 4) / 50000];

double[] yValues_RoRo = new double[(ib * 4) / 50000];

doublel] xValues = new doublelb * 4) / 50000];

double[] yValues_Resultl = new double[1];

double[] xValues_Resultl = new double[1];

double[] yValues_Result2 = new double[1];

double[] xValues_Result2 = new double[1];
double[] yValues_Cross = new double[1];

double[] xValues_Cross = new double[1];

for (int i =0; 1 < (b * 4) / 50000; i++)
{

yValues_LoLo[i] = Program.TransCost_LoLo + 50000 * i
(Program.Annual_Retention_Cost / (365 * 24)) * Program.TransTime_LoLo
Program.PackagingCost_LoLo;
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yValues_RoRoli] = Program.TransCost_RoRo + 50000 * i
(Program.Annual_Retention_Cost / (365 * 24)) * Program.TransTime_RoRo
Program.PackagingCost_RoRo;

xValues[i] = 50000 * i;

yValues_Result1[0] = Program.TLC_LoLo;

yValues_Result2[0]

Program.TLC_RoRo;

xValues_Result1[0] = Program.cargovalue;

xValues_Result2[0] = Program.cargovalue;

if(CrossX > 1)
{
yValues_Cross[0] = CrossY;

xValues_Cross[0] = CrossX;

chrtAnalysis.Series[4].Label = “(* + Math.Round(CrossX,0) + °
Math.Round(CrossY,0) + “)%;

)

chrtAnalysis.Series[4]. Points.DataBindXY (xValues_Cross, yValues_Cross);

chrtAnalysis.Series[2].Label =  “(* + xValues_Resultl[0] + *, “
Math.Round(yValues_Result1[01,0) + “)*;

chrtAnalysis.Series[3].Label =  “(* + xValues_Result2[0] + *, “
Math.Round(yValues_Result2[0], 0) + “)*;
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chrtAnalysis.Series[0].Color = Color.FromArgh(220,Color.Tomato);

chrtAnalysis.Series[1].Color = Color.FromArgh(220,Color.DodgerBlue);

chrtAnalysis.Series[0].Points.DataBindXY(xValues, yValues_LoLo);
chrtAnalysis.Series[1].Points.DataBindXY(xValues, yValues_RoRo);
chrtAnalysis.Series[2].Points. DataBindXY(xValues_Result1, yValues_Resultl);

chrtAnalysis.Series[3].Points.DataBindXY(xValues_Result2, yValues_Result2);

chrtAnalysis.ChartAreas[0].AxisX.Title = “Cargo Value per Container($)“;
chrtAnalysis. ChartAreas[0].AxisY.Title = “Total Logistical Cost($)“;

#endregion
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