o= = & <+ 7
AR E FRR gL

Lo =

@Wﬁﬁ@ﬁﬁﬁﬁﬁipfﬁﬂgﬁiﬁﬁ
A Study for Domestic Container Transportation
with Short Sea Shipping and an Analysis of
External Costs in Taiwan

—

SRR L e

TS EE S E g P

doZE % R 100 & 6



RPN AT AR AT E 2 7 B RN A S
A Study for Domestic Container Transportation with Short Sea
Shipping and an Analysis of External Costs in Taiwan

)

Boyod s R Student : Kuan-Hao Lai

R L O Advisor : Ka-lo Wong

Bz« F
Eop o2

Ao e i @

AThesis
Submitted to Department of Transportation Technology and Management
College of Management
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
in

Transportation Technology and Management
June 2010

Hsinchu, Taiwan, Republic of China

P 2% R 100 # 6 °?



FIPN B R AU 2 B R A A e
G dh e F R

B2 B R LS AL

B &

BB T ARG RARZ BN AR R R B LN
EAARETEET  cBPRE Y BFINE T A M .Llﬁm]_&]“;;‘g’;;ﬁ\r %
zﬁfi/ﬁ ér&/}%ﬁﬁﬂ: % »\/ﬁr’f’ fe rw,%p\ s T ek ‘M@] S q

#F L FaPRIEF £ T

T
34

N S m”“%% TR ARAE ) P L E o F RS #é—’téﬁ
jﬁ@ﬁ;ﬁm?ﬂ tb“ %] it B Ejﬂb ;M‘% ﬁ/ﬁ_}id F)‘ P’kﬁfﬁ_L J\ OIS ’fp\
FLen Qi PR & B W TR ) S R Band e ok Tk g B Ao b

;3?5

GEESSEEERES TRt 1= TSN ST LI S
2 Benfdeo A TN TR 8 ﬁs‘]b"’ J\ﬁ%fWﬁJ@’iﬁiﬁﬁﬂ B eid B ik SUE
BT AT ok AEir buB %0 @ dR IR A i 2 i suE R A
AR R SRR R A e 2R A o {1 B s
Egp j‘i'/’a\%%;}étﬁéf@ﬁﬁ‘i@@%]ﬁﬁ\ m i R b RE HAESUE S fEE R A W AT
i % e 0k g L ERTOR R R -

AT R AT G i d R Y BB @ s R T f o AR L
FIUEMREB X ANE 25§ T A58 - F PR g o f PN AR R LL,’;«
5 20% 0 Fe PFEARSUE BB v enIT R o AL tE K 20% 0 V3 EARSGE

£ 3 757,658TEU: kA d- 74 4 cneb3n hd 5 2 630.T9F § # ~jp o1 5
£ 53687 F~ o

etz o E%‘%@ﬁﬁl . w"’@@@?],fs s rBfREGE - b 2RA A



A Study for Domestic Container Transportation with Short
Sea Shipping and an Analysis of External Costs in Taiwan
Student: Guan-Hao Lai Advisor: Ka-lo Wong

Department of Transportation Technology & Management
National Chiao Tung University

Abstract

The Kaohsiung port located at the south of Taiwan is a major international
trading port, as it has a good natural conditions and competitive advantages. However,
most of the cargos of supply and demand are concentrated in the northern area of
Taiwan, and the northern area international trading port is the Keelung port. The
Keelung port is a natural port, but with limited hinterland and relative poor
accessibility, the port capacity and service level are low. In contrast to the Keelung
port, the Kaohsiung port can provide better capacity and service level. As a result,
there is a large amount of North-to-South and South-to-North container movement
thought the inland transportation system. Intermodal transportation system with Short
Sea Shipping is thought to'be able to relieve this issue, by transferring the container
flow from inland to waterway. This can reduce the freeway congestion and the
environmental problem due to the high density of traffic, and furthermore, the
external costs can be reduced.

This study establishes a model with empirical data to investigate Taiwan's
domestic containers movement between the ports and cities, and the model can be
able to simulate the choices of mode and route of freight transportation. With the
model we analyze various policy measures promoting the usage of intermodal
transport and Short Sea Shipping, such as internalization of external costs of freights,
priority berthing and cost reducing for short sea shipping.

Our finding shows that the short sea shipping promotion policy can effectively
reduce the environment cost, such as air pollutions and CO, emissions. For instance,
when 20% of external cost is internalized and port costs are reduced by 20%, the
amount of transship containers using short sea shipping is increased to 757,658 TEU,
and the external cost due to the container movement can be reduced from US$ 639.79
million to US$ 536.87 million.

Keywords: Container Transportation, Intermodal Transportation System, Short Sea
Shipping, External Costs
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o AR 442,493 - - 244,308 - -
¥ F B 406,331 142,989 186,962 537,486 - -

Fe - - 5,877 - - 393
R Bk - - 129,661 226,980 - -
a & Rk - 45,077 - - 799,556 -
o¥ R - 132,187 - - 276,057 -

o R - 1,309,880 - - 1,342,570 419,842
351 B - 290,498 - - 436,212 -
% B - 90,093 - - 122,098 -
2 A - 50,227 - - 35,787 -
& = 2,739 - - - -
&5 - 138,121 = . 76,450 B}
oo > 18,874 1 ] 24,310 -
Ry - 268,031 - - 388,782 -
B - 171,318 = - 337,012 -
% - 153,368 - - 142,361 -
N = 22,339 - - 26,051 -
il R 97,650 - - 89,853 - -
= R - 26,325 - - 36,468 -
S - 411 - - - -

&3t 1,176,040 2,862,477 322,500 1,227,118 4,043,714 420,235
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30410 h30 AR I EE )T W B A R R 0B B(w = 0~1)

w bAE 2 B AR ST REESI AN FHFER) BERSA(FHEE~)
g do g a o b e T8 A% S £ b e ‘B A S &3t
0.00 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.05 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.10 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.15 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.20 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.25 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.30 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.35 4,361,022 | 5,691,069 - 4 556.56 3 556.56 1307.78 - 1307.78
0.40 4,361,022 | 5,691,069 - 5 556.56 5 556.56 1307.78 - 1307.78
0.45 4,361,022 | 5,691,069 - - 556.56 ; 556.56 1307.78 - 1307.78
0.50 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.55 4,218,033 | 5,076,793 142,989 614,276 | 504.42 19.69 524.11 1185.28 157.51 1342.79
0.60 4,218,033 | 5,076,793 142,989 614,276.| 504.42 19.69 524.11 1185.28 157.51 1342.79
0.65 4,218,033 | 5,076,793 142,989 614,276 | 504.42 19.69 524.11 1185.28 157.51 1342.79
0.70 4,218,033 | 5,076,793 142,989 614,276 | 504.42 19.69 524.11 1185.28 157.51 1342.79
0.75 4,218,033 | 5,076,400 142,989 614,669 | 504.40 19.70 524.10 1185.22 157.59 1342.81
0.80 4,218,033 | 5,076,400 142,989 614,669 | 504.40 19.70 524.10 1185.22 157.59 1342.81
0.85 4,218,033 | 5,076,400 142,989 614,669 | 504.40 19.70 524.10 1185.22 157.59 1342.81
0.90 4,218,033 | 4,979,951 142,989 711,118 | 495.86 24.71 520.57 1165.15 186.48 1351.63
0.95 4,218,033 | 4,979,951 142,989 711,118 | 495.86 24.71 520.57 1165.15 186.48 1351.63
1.00 4,218,033 | 4,979,951 142,989 711,118 | 495.86 24.71 520.57 1165.15 186.48 1351.63
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432 s 3 BARPFIRS LER

GiE B E LT NP RFH P L ok SRR B BALPHIR SRR
ToRFs §FERENOERE L o By ARBRF BALAGIRR i

Fend TEU chd i@ 4 Ade™ D A58 3 3488 2 372 % 6700 ~ ~ A6 T

PEAATAN 4300 s 5P BT BARE L ATS 4500 oM AR TR 2k
s P EE L 130 S0 p T Bk (RN AAREL 5 ¢ B)TA AT
PR A TP ¥ o e AR R PR S 12 ) BF o @ FORHR AR
BA G AR o JET A S0 3500 B HR A o G A AR EenE R R
B b ot 12 ] pF(Lee et al., 2010) -

SR nﬁm 62 3B & A JEAT 5 3500 AR 0 R 0 R E dpda ¥
EEER L2 L PR D 0] B eh A B ET’WwﬁEﬁﬁﬁgﬁi“%ﬁﬁ
B e ¥ b B ‘«LFEB*#E'&@ 2 iE S A A R EPER o At A
BTz kP E oz SR REA T2 BATFF (2=0~1) 4ot B 58(36) ~ (37)

BRI 2R S A = @y A -2-3500 (36)
BRUEZZEMRE = FERFF-2:12 (37)

CFCRA KRR § BRI IR R PR RO [ B L
fiR2 @ e [RE G 4361,022TEU T [ £ 4 5 5,691,069 § TEU -
yoebo@ piReiE Eﬁig?]m@@?]s\ A5 130778 £~ A R L RE i’é’ﬁﬁjb’%é
4Tk A A L 55656 F £ ~ o

§ R e BA L HIR G AR A6 T L DB SRR
CERT AR L AL LT Y 2 AT 03 pABLG Y
32450 A~ dpin % FETAFRD 84 T ERIMAR Y (D @‘gﬁ;—];g .
He R B D R RSB E R 0 e [IRE 5 142980TEU - v §
hE 5 614,669TEU » 4Bl 4.7 #77m o ¥ ¢h » B S AR 7 53246 F 4 % ~ 5
Bz #&BF 07 ﬂ*'«uﬁ,\, Fr R0 3 1050 &~ dpda PR S5E T 3.6
PR RS R e e R 5 142989TEU - A i r R E 4D
711,118TEU - ¥ ¢ > i 2 Ajr > 1 9353 F § £ ~ o

R A8 kg o bz HF T 03P RALAEFLBEEE IR EREr |
FRIFBIRL - e f LRk Y Bipiug R g e RN S R T A |
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411 S BAFp 2 BRTF 2EHHEL A8 1R E PR (@ =0-1)

B e v dio b iRD e AR SaE &3t b iRe e AR ST &3t
0 12.0 3500 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.1 10.8 3150 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.2 9.6 2800 4,361,022 | 5,691,069 - - 556.56 - 556.56 1307.78 - 1307.78
0.3 8.4 2450 4,218,033 | 5,076,400 142,989 614,669 504.40 19.70 524.10 1185.22 122.87 1308.09
0.4 7.2 2100 4,218,033 | 5,076,400 142,989 614,669 | 504.40 19.70 524.10 1185.22 111.30 1296.52
05 6.0 1750 4,218,033 | 5,076,400 142,989 614,669 504.40 19.70 524.10 1185.22 99.72 1284.94
0.6 4.8 1400 4,218,033 | 5,076,400 142,989 614,669 | 504.40 19.70 524.10 1185.22 88.15 1273.37
0.7 3.6 1050 4,218,033 | 4,979,951 142,989 711,118 | 495.86 24.71 520.57 1165.15 96.72 1261.87
0.8 2.4 700 4,218,033 | 4,979,951 142,989 711,118 495.86 24.71 520.57 1165.15 83.68 1248.83
0.9 1.2 350 4,218,033 | 4,979,951 142,989 711,118 495.86 24.71 520.57 1165.15 70.63 1235.78
1 0.0 0 4,218,033 | 4,979,951 142,989 711,118 495.86 24.71 520.57 1165.15 57.59 1222.74
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% 53 b EATHE E iy r il A
@) f 2R g L

7
~

IR A

F R g (2 H) AL A (FR)
TEU 232 PMyo NOx VOC SO, Co, A S g
v 4,361,022 678,851,836 509 6,890 441 204 188,042 | 229,232,176 4,889,091
d e 5,691,069 930,764,170 698 9,447 605 279 257,822 | 314,297,001 6,703,364
£ 10,052,091  1,609,616,006 1,207 16,338 1,046 483 445864 | 543,529,177 11,592,454
(b) f1R2Efh>tpr g2 B
A E (D) EAP A (2 R)
TEU 2-=2 PM1o NOx \VOC SO, CO, TE AR B
Ak -oF B 76,135 13,628,165 10 138 9 4 3775 4,516,126 98,150
LR R 353,417 61,141,141 47 621 39 18 16,936 21,072,258 440,338
A TE ik - B 432,612 158,768,604 121 1,613 102 46 43,979 54,318,484 1,143,451
s 862,164 233,537,910 178 2,372 150 68 64,690 79,906,868 1,681,939
) EfAi@ @G BT Bk 2B
ERp g (2H) E AP A (FR)
TEU TEU-2 2 PMyo NOx \OC SO, CO, TF % BT
Ak -5 B 22,759 4,824,908 1y 31 1 6 1,667 545,615 43,352
LR R 39,927 8,464,524 1 54 2 11 2,925 955,221 76,055
AR B - B B 28,015 11,878,360 2 76 3 16 4,106 1,353,151 106,756
s 90,701 25,167,792 4 161 7 33 8,699 2,853,988 226,164
(d) e B g ohing &
R g (D) oA A (£ R)

PM1o NOx VoC SO, CO, TF A% ZF R .

i @) + (b) 1,385 18,710 1,196 551 510,554 | 623,436,045 13,274,393 636,710,439

AR UE © 4 161 7 33 8,699 2,853,988 226,164 3,080,151

&t @) + (b)+ () 1,389 18,870 1,203 584 519,252 | 626,290,033 135500557 639,790,590
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(a) ik 2 b B LR

# 5.4 Hi e @A T E P R 18 2 A A (W=0.2  220.2)

F R g (2 H) AL A (FR)
TEU 232 PMyo NOx VOC SO, Co, A S g
it 4,218,033 650,254,036 488 6,600 423 195 180,120 | 219,575,377 4,683,130
d e 5,076,793 808,584,674 606 8,207 526 243 223978 | 273,039,881 5,823,427
£ 9294826  1,458,838,710 1,094 14,807 948 438 404,098 | 492,615,258 10,506,556
(b) o A @ ERMEE R BB 2T R PHRIERE LS LT
FR PR (=) AR A (FR)
TEU TEU-2 2 PM0 NOx VOC SO, CO, TR - § R
142,989 30,313,668 5 193 8 40 10,476 3,415,133 272,374
614,276 130,226,512 21 830 34 172 45,004 14,671,296 1,170,108
757,265 160,540,180 26 1,023 42 213 55,480 18,086,429 1,442,481
(OESE R 5 SR S b S i
SR E (AF) E AP A (FR)
TEU TEU-2 2 PM1g NOx \OC SO, CO, R Rk - §
98,894 20,965,528 iE 49 2 1 2,643 926,360 68,715
393,344 83,388,928 6 196 8 44 10,512 3,684,532 273,309
460,627 195,305,848 13 460 19 103 24,620 8,629,571 640,118
952,865 299,660,304 20 705 29 158 37,775 13,240,463 982,142
(d) a4t B gr g b nd &
ER g (D) FAA A (ER)

PM;, NOx \VOC SO, CO, TF % Byt &3t

1,094 14,807 948 438 404,098 | 492,615,258 10,506,556 503,121,814

46 1,729 71 370 93,255 31,326,892 2,424,623 33,751,515

1,140 16,536 1,019 808 497,353 | 523,942,149 12,931,179 536,873,329
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# 5.5 Jad AT AT E RITR 16 2 H I8 A (Ww=0.7 ~ 2=0.7)

(a) ik 2 b B LR

F R g (2 H) AL A (FR)
TEU 232 PMyo NOx VOC SO, Co, A S g
it 3,895,533 566,918,304 425 5,754 368 170 157,036 | 191,434,875 4,082,946
d e 4,878,592 773,821,422 580 7,854 503 232 214,349 | 261,301,155 5,573,062
£ 8774125  1,340,739,726 1,006 13,609 871 402 371,385| 452,736,030 9,656,008
(b) o A @ ERMEE R BB 2T R PHRIERE LS LT
FR PR (=) AR A (FR)
TEU TEU-2 2 PM0 NOx VOC SO, CO, TR - § R
465,489 197,367,336 33 1,258 52 261 68,207 22,235,370 1,773,380
812,477 172,245,124 28 1,098 45 228 59,525 19,405,106 1,547,652
1,277,966 369,612,460 61 2,356 97 490 127,732 41,640,475 3,321,032
(OESE R 5 SR S b S i
SR E (AF) E AP A (FR)
TEU TEU-2 2 PM1g NOx \OC SO, CO, R Rk - §
98,894 20,965,528 iE 49 2 1 2,643 926,360 68,715
393,344 83,388,928 6 196 8 44 10,512 3,684,532 273,309
460,627 195,305,848 13 460 19 103 24,620 8,629,571 640,118
952,865 299,660,304 20 705 29 158 37,775 13,240,463 982,142
(d) a4t B gr g b nd &
ER g (D) FAA A (ER)

PM;, NOx \VOC SO, e R Byt &3t

1,006 13,609 871 402 371,385 | 452,736,030 9,656,008 462,392,037

81 3,061 125 647 165,507 54,880,938 4,303,174 59,184,112

(@) + (b)+ () 1,086 16,670 997 1,049 536,892 | 507,616,968 13,959,181 521,576,149
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CO; Rate = 16
2= T C°xS° (46)

F4pL 3 T L E FlE AR bUE S TEU-2 2 § 151 0.3456 2 7

5 ¢ > Liao et al.(2009) B~ 7 % #icdic 1245 & 5.2(b) 7 r1deif & b & ] g 4L
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Rk bR AT EE e
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