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1 Point-to-Point
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2 Go-Around
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Tianjin
v Busan

O D Los Ang|Rotterdd Tokyo |YokohariNagoya |Osa Kobe |Bangkok{Port KﬂSi Tanjung[Manila_|Shang |Tianjin |Busa |Kaohsi |Ke Hong K
Los Angles 0| 7757 4843 4832| 4866| 5121| 5117| 7755| 7867 7660 7912] 6523| 5712| 6020| 5235| 6115| 5916] 6355
Rotterdam 7757 0| 11242| 11231 11135| 11039 11034| 9153| 8107| 8314 8495| 9630| 10472| 11129| 10831 9906/ 10102| 9755
Tokyo 4843| 11242 0 16 221 365 361| 3058| 3142| 2920 3262| 1824| 1049| 1357 674 1351| 1151] 1593
Yokohama 4832| 11231 17 0 210 356 351) 3047 3131 2909| 3251| 1813| 1038| 1346 663] 1340 1140| 1582
Nagoya 4866) 11117 221 210 0 243 238| 2901] 3013| 2795[ 3137| 1695 926] 1234 551 1232| 1028| 1489
Osa 5121| 11039 367 356 243 0 13| 2814 2896 2697| 3051] 1592 796| 1060 372| 1125 930| 1391
Kobe 5117) 11034 362 351 238 13 0| 2810[ 2906 2699| 3046| 1588 787| 1046 363 1121 926] 1387
Bangkok 7755| 9153| 3058 3047 2901| 2814 2810 0] 1037 830| 1306| 1485 2281| 2907| 2582 1704 1965 1500
Port Kelang 7867) 8107| 3142| 3131 3013| 2896| 2906| 1037 0 222 752| 1515| 2388| 3007 2724| 1832 2028| 1639
Si 7660| 8314| 2920| 2909 2795 2697| 2699 830 222 0 545| 1308 2181| 2800| 2517| 1625| 1821| 1432
Tanjung Priok 7912) 8495| 3262| 3251 3137| 3051] 3046] 1306 752 545 0| 4925| 2531| 3210 2853 1975 2170/ 1900
Manila 6523 9630| 1824| 1813| 1653 1568| 1588| 1485| 1515 1308| 4925 0 1130 1779| 1413 547 732 633
Shang 5712) 10472] 1049| 1038 926 796 787| 2281| 2388] 2181| 2531] 1130 0 744 493 606 419 823
| Tianjin 6020| 11129| 1357| 1346 1234| 1060| 1046| 2907 3007| 2800| 3210| 1779 744 0 723| 1234 1046| 1450
Busa 5235| 10831 674 663 551 372 363| 2582| 2724 2498| 2853 1413 493 723 0 913 715 1145

1 6 Kaohsi 6115 9906) 1351 1340 1232 1125| 1121| 1704 1832| 1625| 1975 547 606| 1234 913 0 229 342
Ke £916) 10102] 1151 1140 1028 930 926| 1965| 2028| 1821 2170 732 419 1046 715 229 0 475
Hong Kong 6355[ 9755| 1593| 1582 1489 1391| 1387] 1500{ 1639 1432 1900 633 823| 1450 1145 342 475 0

oD Los Ang|Rotterdg Tokyo |YokohanNagoya |Osa Kobe Bangkolg] Port Kla|Si Tanjung|Manila_[Shang |[Tianjin |Busa |Kaohsi [Ke Hong K
Los Angles 0 0] 3155] 2902 1136 1136) 4290 2014 288 3778| 1132 403| 1669] 1208| 7844| 1734 893 3989
Rotterdam 0 0] 1894] 1742 682 682| 2576| 2282 479| 3874| 1016 173| 4238 3069| 5236 443 228| 3682
Tokyo 3489| 2008 0 0 0 0 0 992 342 1414 506 240 514 372| 2515 548 283| 1375
Yokohama 3965| 2282 0 0 0 0 0] 1127 388| 1606 575 273 584 423| 2858 623 321 1563
Nagoya 1745| 1004 0 0 0 0 0 496 171 707 253 120 257 186| 1257 274 141 688
Osa 1110 639 0 0 0 0 0 315 109 450 161 7 164 118 800 175 90 438
Kobe 5551| 3195 0 0 0 0 0] 1577 544| 2249 805 383 818 592| 4001 873 450 2188
Bangkok 3721 2988 873 803 314 314 1187 0 0 0 0 0 311 226 1093 0 0 710
Port Klang 1323| 1630 206 190 74 74 281 0 0 0 0 0 345 250 384 0 0] 1085
Si 4967| 3510 432 397 155 155 587 0 0 0 0 211 144 105 460 0 0] 1860
Tanjung Priok | 3164 5849| 1827| 1681 658 658| 2484 0 0 0 0 19| 1524 1103 2397 0 0] 1611
Manila 1323 614 494 454 178 178 672 0 0 115 0 0 0 0 364 0 0 345
Shanghai 3871 6774 926 852 333 333| 1259 155 322 834 512 11 0 0 723 0 0 0
2803| 4905 671 617 241 241 912 113 234 604 370 8 0 0 524 0 0 0

8995| 4200| 1362 1253 490 490 1852 690 595| 1496 690 230 412 298 0 0 0] 2416

Kaohsiung 4701) 2438 560 515 202 202 762 0 0 0 0 0 0 0 0 0 0 0
Keelung 35 1839 423 389 152 152 575 0 0 0 0 0 0 0 0 0 0 0
Hong Kong 2014| 1975 67 62 24 24 91 134 96 748 115 134 0 0 518 0 0 0

OD
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LP

O D Los Angl|RotterdalTokyo |Yokohan{Nagoya |Osaka [Kobe Bangkok|Port KlarSingapor{Tanjung [Manila _|ShanghaijTianjin [Busan |Kaohsiun
Los Angles 0 0 0 12.47 25.26 0 0 2.01 0.28 0 1.13 0.4 5.64 0 9.04 0
Rotterdam 0 0 0 0 0 0 0 0 12.44 10.92 12.29 0 4.23 0 0 0.44
Tokyo 0 0 0 14.54 0 0 0 0 0 0 0 0 0 0 0 0
Yokohama 7.44 0 14.54 0 0 0 0 2.11 0 8.01 1.07 0.51 1.09 0.79 5.36 1.16
Nagoya 24.93 0 0 0 0 0 11.11 0.49 0 5.64 0.25 0.12 0.25 0.18 1.25 2
Osaka 0 0 0 0 0 0 3.88 0.31 1.27 045 0 0 0 0 0 0.17
Kobe 0 0 0 0 6.66 3.55 0 157 0 543 0.96 0.45 0.97 0.7 4.8 0.87
Bangkok 3.72 0 0 0.87 031 031 1.18 0 2.98 0 0 0 0.31 0.22 1.09 0.8
Port Klang 1.32] 1272 0 0 0.07 1.03 0 2.28 0 0.39 0 0 0.34 3.31 0.38 0
Singapore 0 16.18 0 4.84 5.79 0.15 3.15 0 1.48 0 4.87 0.39 0.14 0.1 0.46 0
Tanjung Priok 3.16 5.84 0 35 0.65 0 3.13 0 0 0.01 0 0 1.52 0 2.39 1.1
Manila 0 0 0 0.94 1.49 0.84 0 0 0.61 0.11 0 0 0 0 0.36 0
Shanghai 3.87 6.77 0 1.77 0.33 0 1.58 0.15 0.32 0.83 0.51 0.01 0 0 0.72 0
Tianjin 0 0 0 1.28 0.24 0 1.15 0.11 5.13 0.6 0 0 0 0 3.32 0.37
Busan 11.79 0 0 261 0.49 0 2.34 0.69 0 6.28 0.69 0.23 1.58 5.8 0 0
Kaohsiung 0 243 0 1.87 4.9 0.2 0.76 0 0 0 0.37 0 0 1.1 0 0
Keelung 0 1.83 0 0.8 3.69 0 0.72 0 0 0 0 0 0 0 5.23 0
Hong Kong 0 0 0 0.12 2.03 0 0.11 2.78 2.06 0.74 0.77 2.58 0.79 0 0.51 4.72
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e Design of the Indonesian marine
transportation network

— Hiroyuki Yamato, Univ. of Tokyo,
Hisayuki Kurokawa, Tokyo Univ. of Mercantile Marine
and
Suprayogqi, Inst. Tech. Bandung
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the number of voyages between portsi and |
using ship type k (time/ week)

the amount of filled container flows between
portsi and | using ship type k (TEU/year)

the amount of empty container flows between
port | and j using ship type k (TEU/year)
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the maximum carrying capacity of the ship typek (TEU)

the speed of the ship type k (knot)

the number of crews of the ship type k (person)

the draft of the ship type k (meter)

the depth of the port i (meter)

the amount of outgoing container for port i (TEU/year)

the amount of ingoing container for port i (TEU/year)

the amount of filled container requirement for port i (TEU/year)

the amount of empty container requirement for port i (TEU/year)

the call frequency (times/year)
the distance between portsi and j (miles)
the number of the ship type k required for link (i, j)

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003



Given data

the fuel price (yen/ton)

the fuel consumption coefficient

the displacement coefficient (ton/TEU)

the entrance and clearance fees port i , the variable component (yen)
the entrance and clearance fees at pot i, the fixed component (yen)
the handling cost of port |

the tally charge coefficient

the wages and crew expenses (yen/person)

the price of ship k (yen/TEU)

the maintenance coefficient of ships (percent)

the depreciation coefficient of ships (percent)

the interest coefficient of ships (percent)

the price of the container (yens/TEU)

the maintenance coefficient of containers (percent)

the depreciation coefficient of containers (percent)

the interest rate coefficient containers (percent)
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The total cost

The total cost consists of the following costs:
« Navigation cost

e Ship cost

« Container cost

C=C

container

+Cyqip TC

navigation
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Formulation of the navigation
cost

2
naV|gat|on =G Z 2{24 v, (C W, )3 Vk . f. R:‘}

(i,))eAkeK
T Z Z{Cm Wk_l'Ca)]c RJ}
,j)eAkeK
+ Z{1+C7 °C6i°(oi+Di+‘Oi_Di‘)}
(i,]))eA

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003



Formulation of the ship cost

Coip= 2. Z(Cs'h“k‘rijk'R;()

(1,]))eAkeK

T Z Z(Clo’cgk °Wk'rijk°R;()

(i,]))eAkeK

T Z Z(Cll'cgk 'Wk'rijk ' RT)

(i,]))eAkeK

T Z Z(Clz’cgk 'Wk'rijk ' le)

(i,])eAkeK
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Formulation of the container

cost

Y

Zx +Yy
Ccontainer ECYRICTY z Z 1
(i,]))eAkeK
r Zx +Y)
+C5 Gy 2, QM
(i,])eAkeK
Zx +Yy
+Cp 'C13 Z Z 1
(i,])eAkeK

3
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ieN

eSS

ieN
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Constraints

* Flow condition
o Capacity condition
* Voyage condition
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Formulation of the constraints
3O RA-Y Txki—g', VieN,VueU

keK{jI(i,1)eA} keK{jI(5.)eA}

x'>0, V(,j)eAVkeK

O vE=Y Yy =t, VieN

keK{jl(i,))eA  keK{jl(j.)eA}

yi‘; >0, V(i,])e AvkeK
2Ny <w-fRE vkeK

ueU
Y f-R= Y f-Rf, VkeK
{110, ))eA) SLEME

RT >0, V(,])eAVkeK
R';,R; =0forh>D,, V(,])eAVkeK
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Solution approach

Inter-port
distance table

l

Formation of port groups
(cluster analysis method)

l

Mathematical model capacity, speed,

draft, cost)
Port data
(depth, cost)
Total cost
Number of containers
Number of ships
Number of voyages
Amount of container flows

. /
Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003

Port groups
0D table of inter-port
cargo movement i
Ship data (carrying




Data of the Indonesia Marine
Transportation

Selected ports

Inter-port distance matrix

OD matrix of inter-port cargo movement
Ship and container cost data
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No Port Name Location Depth (m)

Tab I e Of 1 |Lhokseumawe Aceh 9.5
2 |Belawan North Sumatera 7.0

3 |Teluk Bayur West Sumatera 9.5

4 (Batam Riau 10.0
selected o o
6 [Jambi Jambi 7.0

7 |Palembang South Sumatera 7.0

O rt S 8 |Bengkulu Bengkulu 9.0
p 9 |Panjang Lampung 8.0
10 [Tanjung Priok Jakarta 7.0

11 [Tanjung Emas Centra Java 9.0

12 |Tanjung Perak East Java 8.0

13 |Benoa Bali 5.0

14 |Lembar West Nusa Tenggara 7.0

15 |Kupang East Nusa Tenggara 7.0

16 |Pontianak West Kalimantan 6.0

17 [Sampit Central Kalimantan 6.0

18 [Banjarmasin South Kalimantan 7.0

19 [Balikpapan East Kalimantan 7.0

20 (Bitung North Sulawesi 7.0

21 |Pantoloan Central Sulawesi 7.0

22 |Makassar South Sulawes 8.0

23 |Kendari South-East Sulawesi 6.0

24 |Ambon Maluku 7.0

25 [Sorong Irian Jaya 7.0

Source: Final Report — The Study on the Port Devel opment Strategy in the Republic of Indonesia (The Overseas
Coastal Area Development Institute of Japan, OCDI), 1999.
Note: Water depth of Batam is estimated by authors
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Map of selected ports
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Inter-port distance matrix (mile)
(estimated by authors)

Lhokseum|{Bela Teluk Bay{Batam Dumai Jambi Pale vm |Bengkuli @assar |Kenda Ambon  |Sorong
Lhokseum 0.0 140.4 669.5 513.0 345.6 647.9 728.9 874 1549.7 1792.7 2132.8 2424.4
Bela 140.4 0.0 826.1 351.0 210.6 502.2 588.6 1025 1425.5 1700.9 2024.8 2294.8
Teluk Bay 669.5 826.1 0.0 955.7 1079.9 890.9 799.1 227 1290.5 1555.1 1857.5 2213.8
Batam 513.0 351.0 955.7 0.0 151.2 189.0 264.6 75 1117.7 1414.7 1733.3 2062.6
Dumai 345.6 210.6 1079.9 151.2 0.0 259.2 388.8 8¢ 1241.9 1517.3 1835.9 2165.2
Jambi 647.9 502.2 890.9 189.0 259.2 0.0 199.8 6/ 993.5 1268.9 1625.3 1609.1
Pale m 728.9 588.6 799.1 264.6 388.8 199.8 0.0 5 901.7 1166.3 1484.9 1868.3
Bengkulu 874.7 1025.9 2214 755.9 880.1 669.5 583.2 1058.3 1333.7 1690.1 2062.6
Panja 1004.3 842.3 475.2 523.8 647.9 448.2 356.4 853.1 1128.5 1468.7 1792.7
Tanjung P 955.7 809.9 550.8 502.2 594.0 426.6 329.4 7775 982.7 1328.3 1630.7
Tanjung El ~ 1144.7 961.1 766.7 626.3 766.7 577.8 491.4 577.8 820.7 1155.5 1506.5
Tanjung P{ 1258.1 1069.1 917.9 739.7 896.3 701.9 610.2 3 437.4 653.3 966.5 1295.9
Benoa 1393.1 1268.9 1085.3 917.9 1063.7 890.9 8315 R) 340.2 513.0 853.1 1182.5
Lembar 1403.9 1279.7 11717 928.7 1074.5 901.7 853.1 N 307.8 523.8 809.9 1150.1
Kupang 1954.6 1814.3 1619.9 1436.3 1560.5 1295.9 1241.9 11 502.2 394.2 496.8 809.9
Pontianak 874.7 691.1 907.1 324.0 502.2 356.4 356.4 L1 793.7 1036.7 1425.5 1781.9
Sampit 1209.5 1036.7 998.9 696.5 842.3 674.9 610.2 7.5 448.2 701.9 1058.3 1349.9
Banjarmagd 1214.9 1085.3 1025.9 739.7 885.5 734.3 685.7 )4.5 394.2 626.3 977.3 1295.9
Balikpapann  1560.5 1457.9 1322.9 1123.1 1214.9 1004.3 923.3 33.7 280.8 567.0 890.9 1268.9
Bitung 2257.0 2095.0 1960.0 1830.5 1916.8 17117 16145 54.9 653.3 351.0 372.6 426.6
Pantoloan| 1646.9 1511.9 1393.1 1231.1 1360.7 1112.3 1036.7 241.9 324.0 610.2 939.5 917.9
Makassar 1549.7 14255 1290.5 1117.7 1241.9 993.5 901.7 058.3 0.0 334.8 642.5 901.7
Kenda 1792.7 1700.9 1555.1 1414.7 1517.3 1268.9 1166." .333.7 334.8 0.0 329.4 561.6
Ambon 2132.8 2024.8 1857.5 1733.3 1835.9 1625.3 1484 1690.1 642.5 329.4 0.0 280.8
Sorong 2424.4 2294.8 2213.8 2062.6 2165.2 1609.1 1868 2062.6 901.7 561.6 280.8 0.0
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OD matrix of inter-port cargo movement
In year 1996 (tons/year)
(Source: R & D Agency, MOC, 1997)
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OD table of inter-port cargo movement
In year 1996 (TEU/year)
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Estimation
of Entrance,
clearance,
and
handling
COSts

Entrance and clearance

costs
Variable ) Handlin
No. | Port Name Location Factor component, Fixed cost, ¢y (1%6
(%) o component, .
Cy (10 c. (10° rupiahs)
rupiahs per ruspi ahs)
TEV)

1 |Lhokseumawe Aceh 60 0.00015204 [10.47169751 | 0.74436096

2 |Belawan North Sumatera 80 0.00020271 [13.96226335 | 0.99248128

3 |Teluk Bayur West Sumatera 70 0.00017738 [12.21698043 | 0.86842112
4 |Batam Riau 70 0.00017738 |12.21698043 | 0.86842112

5 |Dumai Riau 70 0.00017738 |12.21698043 | 0.86842112

6 [Jambi Jambi 70 0.00017738 [12.21698043 | 0.86842112

7 |Paembang South Sumatera 70 0.00017738 [12.21698043 | 0.86842112

8 |Bengkulu Bengkulu 60 0.00015204 |10.47169751 | 0.74436096

9 |Panjang Lampung 70 | 0.00017738 |12.21698043 | 0.86842112
10 |[Tanjung Priok® |Jakarta 100 0.00025339 ([17.45282919 | 1.24060160
11 [Tanjung Emas Central Java 90 0.00022805 [15.70754627 | 1.11654144
12 [Tanjung Perak East Java 90 0.00022805 |15.70754627 | 1.11654144
13 |Benoa Bali 70 0.00017738 [12.21698043 | 0.86842112
14 |Lembar West Nusa Tenggara 60 0.00015204 |10.47169751 | 0.74436096
15 |Kupang East Nusa Tenggara 60 0.00015204 [10.47169751 | 0.74436096
16 |Pontianak West Kalimantan 60 0.00015204 [10.47169751 | 0.74436096
17 |Sampit Central Kalimantan 60 0.00015204 [10.47169751 | 0.74436096
18 [Banjarmasin South Kalimantan 60 0.00015204 |10.47169751 | 0.74436096
19 (Balikpapan East Kalimantan 70 0.00017738 [12.21698043 | 0.86842112
20 |(Bitung North Sulawesi 70 0.00017738 [12.21698043 | 0.86842112
21 |Pantoloan Central Sulawesi 60 0.00015204 [10.47169751 | 0.74436096
22 |Makassar South Sulawesi 80 0.00020271 |13.96226335 | 0.99248128
23 |Kendari South-East Sulawesi 60 0.00015204 [10.47169751 | 0.74436096
24 |Ambon Maluku 60 0.00015204 [10.47169751 | 0.74436096
25 (Sorong Irian Jaya 60 0.00015204 [10.47169751 | 0.74436096

Note:

companies. Costs of other ports are estimated as a percentage of the Tanjung Priok’s costs.
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@ Entrance, clearance, and handling costs of Tanjung Priok are estimated from the Japanese shipping




Estimation of ship data

Maximum
Ship type carrying Speed, v Draft, D (m) Number of Price of ship, ¢,
number capacity, w (knot) ’ sailor, hu (10° rupiahs/TEV)
(TEU)
1 50 15.17 5.35 20.5 133.91899402
2 100 15.30 5.51 20.5 133.91899402
3 150 15.43 5.68 20.5 133.91899402
4 200 15.56 5.85 20.5 133.91899402
5 250 15.69 6.01 20.5 133.91899402
6 300 15.82 6.18 20.5 133.91899402
7 350 15.95 6.34 20.5 133.91899402
8 400 16.08 6.51 20.5 133.91899402
9 450 16.21 6.68 20.5 133.91899402
10 500 16.34 6.84 20.5 133.91899402

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003




Estimation of other ship and
container data

Description

Vaue

the price of the fuel oil (1,000,000 rupiahs per

C, ton)® ¢, = (85.0)(7154.0)/1,000,000.0
C, thecoefficient of the fuel consumption® ¢, =5.7117/1,000,000.0
c, Erhé: S;)aefﬂu ent of the displacement (gross ton per ¢, = 19.073
c, thecoefficient of the tally charges® ¢, = 0.0905753968
c, wages and cre\év expenses (1,000,000 rupiahs ¢, = 9,632,783/1,000,000.0
per one person)
C,, thecoefficient of the ship maintenance cost’ Cy = 0.007712
c, the coefficient of the ship depreciation” €1 = (1.0-0.1)/25.0
C,, thecoefficient of the ship interest® C,, = 0.007488
Cs g:r’ Tplr_:'l‘fa"f the container (1,000,000 rupiahs | . _ 053 541)(7154.0)/1,000,000.0
C,, thecoefficient of the container maintenance cost® | c,, = 0.007712
C;s thecoefficient of the container depreciation® C;s = (1.0-0.1)/8.0;
C,; Thecoefficient of the container interest® C,s = 0.007488

% Estimated from the Japanese shipping companies
® Estimated from the Indonesian passenger ship

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003




Dendogram that shows the

formation of port groups

(4)
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Table of port groups

Group Main port Branch ports

1 Belawan L hokseumawe

2 Batam Dumai, Jambi, Palembang,
Pontianak

3 Tanjung Priok Teluk Bayur, Pulau Baai, Panjang

4 Tanjung Perak Tanjung Emas, Benoa, Lembar,
Sampit, Banjarmasin, Balikpapan,
Pantalaon, M akassar

5 Kupang

6 Bitung Kendari, Ambon, Sorong

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003




Map of port groups

IS

D

’
’
/
’
/
’
’
/
s

}éendari @ m
@ _____________

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003



Computational Results

o Computational results of the main lines
without the water depth restriction

o Computational results of the main lines
with water depth restriction for main lines

 Computational results of the branch lines
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Computational results of the main lines with the water depth restriction

Relationship between ship’s size
and number of ships

200
180 |
160
140 |
o 120
100 | °
80 |
60 | *

40 | * o .

20 | ® ¢ o o

| 4

s (units)

Number of shi

0 100 200 300 400 500 600

Ship's size
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Computational results of the main lines with the water depth restriction

Relationship between ship’s size
and total cost

rupiahs/year)

315 | .
310 | * o
305 * ¢ ¢ ¢ o

Total cost (million

0 100 200 300 400 500 600
Ship's size (TEU)
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Computational results of the main lines with the water depth restriction

Number of voyages (times per week) in the
main lines using a ship type of 500 TEU

From To Belawan Batam TS?IJ;? g ngjr :ng Kupang Bitung
Belawan 1 13 1 0 0
Batam 1 2 0 0 0
Tanjung Priok 11 1 5 0 2
Tanjung Perak 3 1 4 0 0
Kupang 0 0 0 0 0
Bitung 0 0 0 2 0

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003



Computational results of the main lines with the water depth restriction

Amount of container flows (TEU/year) in the
main lines using a ship type of 500 TEU

To

Tanjung

Tanjung

From Belawan Batam Priok Parak Kupang Bitung

teuren 26000 326733 26,000 0 0

0 0 0 0 0

otom 5,603 50,583 0 0 0

16,680 0 0 0 0

Fanjung Priok 138882 | 14,656 130,000 0l 44360

147118 6,305 0 0 0

. 1726|  26000| 104,000 0 0

Tanjung Perak 68,634 0 0 0 0

0 0 0 0 0

Kupang 0 0 0 0 0
situng 0 0 0l 38786 0
0 0 0 5,574 0

[upper isfilled and lower is empty containers]
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Computational results of the main lines with the water depth restriction

Lhekseumawe

Voyage map of the main line
(ship type of 500 TEU)
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Computational results of the main lines with the water depth restriction

List of cases for applying the model with restriction
of the water depth restriction

No. of case Description
Ship with asize of 50 TEU

Ship with sizes of 50 and 100 TEU
Ship with sizes of 50 and 150 TEU
Ship with sizes of 50 and 200 TEU
Ship with sizes of 50 and 250 TEU
Ship with sizes of 50 and 300 TEU
Ship with sizes of 50 and 350 TEU
Ship with sizes of 50 and 400 TEU
Ship with sizes of 50 and 450 TEU
Ship with sizes of 50 and 500 TEU

Slo|o|Njo|als wNF
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Computational results of the main lines with the water depth restriction

Number of ships for each case

No. of Ship’ssize (TEU)
case 50 100 150 200 250 300 350 400 450 500

1

2

3

4

5

6

7

8

9

10
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Computational results of the main lines with the water depth restriction

Total cost for each case

350.00
340.00 F —
330.00 |
320.00 —
310.00 —
300.00 || =
290.00
280.00

Total cost
[million rupiahs/year]

1 2 3 4 5 6 7 8 9 10

No. of case
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Computational results of the main lines with the water depth restriction

Number of voyages (times/week)
In the main line for case 7
Ship type of 50 TEU

From To Belawan Batam Tg?{glrgg T;gjr :Eg Kupang Bitung
Belawan 0 0 0 0 0
Batam 0 0 0 0 0
Tanjung Priok 0 0 0 0 0
Tanjung Perak 0 0 0 0 0 0
Kupang 0 0 0 0 0
Bitung 0 0 0 0 0
Ship type of 350 TEU
Erom To Belawan Batam Tgﬂg{:g ngr l;Eg Kupang Bitung
Belawan 2 17 2 0 0
Batam 1 2 1 0 0
Tanjung Priok 16 1 7 0 2
Tanjung Perak 4 1 7 0 0
Kupang 0 0 0 0 0
Bitung 0 0 0 2 0
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Computational results of the main lines with the water depth restriction

Amount of container flows (TEU/year) in the
main lines for case 7

Ship type of 50
TEU

Ship type of 350
TEU

To

Tanjung

Tanjung

Erom Belawan Batam Priok Perak Kupang Bitung
0 0 0 0 0
Belawan 0 0 0 0 0
0 0 0 0 0
Batam 0 0 0 0 0
. . 0 0 0 0 0
Tanjung Priok 0 0 0 0 0
. 0 0 0 0 0
Tanjung Perak 0 0 0 0 0
K upan 0 0 0 0 0
pang 0 0 0 0 0
. 0 0 0 0 0
Bitung 0 0 0 0 0
[upper parts: filled container flows, lower parts. empty container flows]|
To Tanjung Tanjung .
Erom Belawan Batam Priok Perak Kupang Bitung
35,034 309,400 36,400 0 0
Belawan 0 0 0 0 0
Batam 6,798 36,400 17,861 0 0
10,375 0 0 0 0
Taniuna Priok 137,777 18,200 127,400 0 35,648
Jung 153,423 0 0 0 0
. 3,827 18,200 126,648 0 0
Tanjung Perak 68,634 0 0 0 0
K upan 0 0 0 0 0
pang 0 0 0 0 0
Bitun 0 0 0 30,074 0
9 0 0 0 5,574 0

[upper parts: filled container flows

, lower parts. empty container flows]

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003




Computational results of the main lines with the water depth restriction

Voyage map of the main lines voyages
for case 7
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Computational results of the main lines with the water depth restriction

Number of voyages (times/week)

Ship type of 50 TEU

INn the main line for case 8

Erom To Belawan Batam Tgr;#glr(]g ngr l;Eg Kupang Bitung

Belawan 18 124 4 0 0
Batam 7 16 0 0 0
Tanjung Priok 112 4 52 0 14
Tanjung Perak 24 1 42 0 0 0
Kupang 0 0 0 0 0
Bitung 3 0 0 11 0

Ship type of 400 TEU

Erom To Belawan Batam Tgr;#glr(]g ngr l;Eg Kupang Bitung

Belawan 0 0 0 0 0
Batam 0 0 1 0 0
Tanjung Priok 0 0 0 0 0
Tanjung Perak 0 1 0 0 0
Kupang 0 0 0 0 0
Bitung 0 0 0 0 0
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Computational results of the main lines with the water depth restriction

Amount of container flows (TEU/year) in
the main lines for case 8

Ship type of 50
TEU

Ship type of 400
TEU

To Tanjung Tanjung .
Erom Belawan Batam Priok Perak Kupang Bitung
46,787 321,648 10,400 0 0
Belawan 0 0 0 0 0
Batam 7,152 41,600 0 0 0
11,035 0 0 0 0
Taniuna Priok 139,251 10,400 135,200 0 34,174
Jung 151,949 0 0 0 1,474
. 0 2,386 109,200 0 0
Tanjung Perak 62,400 0 0 0 0
K upan 0 0 0 0 0
pang 0 0 0 0 0
Bitun 0 0 0 28,600 0
9 7,048 0 0 0 0
[upper parts: filled container flows, lower parts. empty container flows]|
To Tanjung Tanjung .
Erom Belawan Batam Priok Perak Kupang Bitung
0 0 0 0 0
Belawan 0 0 0 0 0
0 0 20,586 0 0
Batam 0 0 0 0 0
. . 0 0 0 0 0
Tanjung Priok 0 0 0 0 0
. 0 20,140 0 0 0
Tanjung Perak 0 660 0 0 0
K upan 0 0 0 0 0
pang 0 0 0 0 0
. 0 0 0 0 0
Bitung 0 0 0 0 0

[upper parts: filled container flows

, lower parts. empty container flows]
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Computational results of the main lines with the water depth restriction

Voyage map of the main lines voyages
for case 8
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Computational results of the branch lines

Voyage map of the branch lines
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Concluding remarks

* An efficient marine transportation network
can be built using mathematical
programming

e To give better results, It is important to get
more accurate data such as distance, OD,
costs, and so on
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A Bird’s-Eye View of a Container
Terminal in Yokohama.
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Introduction

e An Important Connection
— Machinery
— Operational strategies.
e The Design In the Past
— Based on the past experience.
— It can not refer to the dynamic and
operational properties
« Prototype Simulator in this paper
— The process-oriented software ARENA
— Revising Watanabe's baseline design.
— Excluding the operational uncertainties

Dr. Hiroyuki YAMATO, Institute for Transport Policy Studies, 2003
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Contalner Terminal

The container terminal consists of transfer cranes

;(—— - - ’T‘ 'y >
]
=
TIC
Out Gate I // |// | GC
|
- Ship
$ I /,_|7 []YT
In Gate | TC /
= Il 4 | GC |
| ]
‘l/ R )| < A2

— YT Way
— -—>>  OT Way

We expressed the elements in the terminal as obj ect.
| I

To design the movement of the elementsin detail.
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Watanabe's Method (2) No.73

A[TEU/Y ear]:
Handling Quantity per
Y ear

D[Day].

the Average of the
Dwell Day of
Containers

C[TEU]J:
Stowing
Capacity in
Contalner
Terminal

a=(Clt)x k

S.
the Accessibility of
ContanersintheYard

—>

t[Tiers :

the Number of
Tiers of
Contanersin
the Yard

a[TEUJ:
Area of
Container
Termind

k:the area of
one container
[m?/TEU]
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No.74

Simulation Coding by ARENA

ARENA

A process oriented discrete event ssmulator.
* Modeling by connecting many modules.

ﬂEnterHChoosﬂ

TTEStart__ =t

Azmsign Dispose
TTreturn “Teount 11

I Ao ==092
El=e

I Zar
Else

abel==3

:
5
I Tou
Elzse
-
-

As=sign
TTocount
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Simulation on ARENA

 Mkan  hrwasws  Siee=  Smdslas  Chees  Passl
s EEIEE R R

i

EELTd

it

\ \
TC Tracks waiting queue GC

The problem of the container terminal can be found visually.
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Design of the container

terminal
Example
—OI Pler, Tokyo
—1Berth

193659 [TEU/year]
—at the peak
5170[TEU/week]
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Baseline Design(1) No.77
Design in static with Watanabe' s method

total space 300x 370m?=11.1ha

Empty Container Yard

max 513teps\ 1 Block = 6% 18x steps (TEU)
540TEU
- ‘ 370m // -

4 e —— o1~
| i | /

YT!
<- - DJ’ | | : /

Out Gate |/ ' , 7 | GC |
(4 lanes) / m 7 Y / |
EJ |
: 1 1 4 I‘/Z i
- Ship

300m | | f—"l [ 1| |
i

—

— O =" / [
7 [Ea LU UL Ui

8 lanes) o

v 1’—_5__47’—_—_—)! - - RT—D———J

Import Yard” \\Export Yard
$8X 3-54steps max 4 steps
3402TEU [
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Baseline Design(2) No.78

The number of import and export containers in aweek

600
500
5 400
LII_J 300
200

100

Mon Tue Wed Thu Fri Sat
Il Import Containers M Export Containers

elmport TEU EXxport TEU
<Busiest in Wednesday.
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Reqguirements

1.All ships can depart from a port in aday.

2.The average time of OT in the terminal
IS less than 25min.
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Simulation Model on ARENA
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No.81
Results of Design by Simulation

The base design satisfied requirements.

The number of waiting trucks at the import yard

A sharp rise
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.. No0.82
Revision 1 (1)

To reduce the number of queues on Wednesday

1. To limit the number of YT and OT in import
yard.

2. To transfer one TC from export yard to import yard.

3. To place the import containers in export yard
temporarily.
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Revision 1 (2)

Case 2
Reduce the number of queues.
The number of waiting trucks aw yard (revised design 1)
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Revision 2 (1) No.54

The number of tiers in the import yard is
INncreased.

<

1100 508 3| | S25
> o >
® 90" 45 2 20
& on- 3
@ 80 40 =
Q- L
c 70 35 o 15
> 60° 30 =
Q > 10
Q, 50" 25 ¢
3 40° 20 g 5
8 20- 10 3 0 .
) 10 0'5 3 Revision1  Revision 2
= . -3 ] The average time to take out a
g Revision 1 Revision 2 = container in import yard.

The average time of trucks to

1 Ave, B Max D stay in the terminal
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Revision 2 (2) NO.85
Empty Container Yard
\
\ m
v
Out Gate / . , 7 GC
| | W |
'L
Ship
In Gate f ﬂ 7 f___W C<i\v///
/ X
/ \

Import Yard

Two blocks smaller than Revision 1.

Export Yard
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. NO0.86
Conclusions °

e The design method of the container terminal
based on the ssimulation Is proposed.

« One example design with revision illustrated
effectiveness.

*This can take the operational properties into
consideration at the design stage.

It leads the efficient way to design a container
terminal on afirm basis and in detail.
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DOC 10C

DOC 10C)
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DOC 10C

DOC =Cq, +Cye +Crew + Cry
IOC=DOCeR,| R
C / CMa / CCrevv / CFu
1l-r,)-P Px Pi K P.x SN,
S + + C = m_ — m Corew =
' Y- Nyear Nyear Nyear Me N year N year Nyear

P (1-r, i
= +X+1
N Y

year

Rp
Cry =CWIT =C W, EV2
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R=(1+K)R; + R,

E Rf :%cfsvzpw
1

2
Rr = > erWVAV2

ft

R Rr
K +
= 0.075 : P = Rvi
(log Re-2) Mp
K =0.095+15.1 C

Ly |B _ 735*
g HP =735*P
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' not money

} money
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w Time Value(¥/h) D Frequency(hr)
B Capacity(tracks) T Transportation Time h
C Fare(¥)
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Arrive

Cargo
Cargo Vegetable
Arrival Time 17:00
R: 2000
Time Value | [yen/(t hr)]
Mode A B C
Mode | T, Co Next Twi 120,000 116,000 121,000
[hr] [yen] Schedule | Wait Time ' ’ '
A 10 | 10,0000 | Anytime 0:00
B 11 | 90,000 19:00 2:00
C 13 | 80,000 22:00 5:00
Calculate
Mode RT G, C
A | 2000 (10+0) | 10,0000 | 120,000
B | 2000 (11+2) | 90,000 | 116,000 Choose Mode B
C | 2000 (13+5) | 85,000 | 121,000
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Aomori-Hakodate Ferry

Tokyo-Sapporo Train

Tokyo-Tomakomal Ferry
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Time Manage of Ferry Time Manage of Train
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DCF Discounted Cash Flow

« NPV 176.2(

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
761 761 761 761 761 761 761 761 761 761 761 761 761 761 761
( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
( 89 89 89 89 89 89 89 89 89 89 89 89 89 89 89
11,866 14,239 16,612 16,612 21359 23732| 23732| 23732| 23732] 23732 23732] 23732| 23732| 23732 23732
14,832 17,799 20,765 20,765 26698 29665 29665 29665 29,665 29,665 29,665 29665 29665 29665 29,665
15,559 0 0 0 0 0 0 0 0 0 0 0 0 0 0
311 311 311 311 311 311 311 311 311 311 311 311 311 311 311
1,556 1,556 1,556 1,556 1556/ 1556 1556 1556, 1556, 1556 1,556 1,556 1,556 1556/ 1556
17,426 1,867 1,867 1,867 1,867 1,867 1867 1867 1867 1867 1,867 1,867 1,867 1,867 1,867
12,087 12,087 12,087 12,087 12,087) 12,087 12,087| 12,087 12087 12,087| 12,087 12,087| 12,087| 12,087 12,087
604 604 604 604 604 604 604 604 604 604 604 604 604 604 604
420 420 420 420 420 420 420 420 420 420 420 420 420 420 420
26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
13,138 13,138 13,138 13,138 13138, 13138, 13138| 13138| 13138] 13,138| 13138] 13138 13138] 13138 13,138
DOC 30,564 15,005 15,005 15,005 15,005| 15,005 15,005/ 15005 15005 15,005| 15005 15,005/ 15005| 15005 15,005
10C 7,641 3,751 3,751 3,751 3,751 3751 3751 3751 3751 3751| 3751 3751 3751] 3751 3751
ocC 38,205 18,756 18,756 18,756 18,756, 18,756, 18,756 18,756| 18,756| 18,756] 18,756] 18,756] 18,756 18756 18,756
-23,373 -958 2,009 2,009 7942| 10908| 10908 10908 10,908 10,908 10,908 10908| 10,908 10,908 10,908
-23373| -24330] -22321] -20312] -12371] -1462 9446] 20354| 31263] 42171] 53079] 63987 74896] 85804 96,712
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Cb=0.52
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Index MCR RoRo=1

111251 [0.247 217 198 27 8] 7450 1216 1318] 12197] 2] 0 1] 15054

2| 11352 [0.244 211 192[ 24 7] 6517 1152 1269] 11422] 2] 0 1] 13110

3[_11253 [0.226 195] 177] 30 9 7088 1101] 1286] 13592] 2] 0 1] 14300

4] 11453 [0.22 140 127] 24 7] 3788] 964] 1090] 9325] 2] 0 1] 7419

5] 11252 [0.219 246 | 224 24 7] 7923] 1249 1359 12125] 2] 0 1] 16041

6] 11351 [0.205 187 170] 27 8] 6135] 1126 1235] 13119] 2| 0 1] 12314

7|_11262 [0.15 209 190[ 24 7] 6415] 1145] 1263| 11458] 2] 0 1] 12897

8[_11261 [0.105 184] 168] 27 8] 6040 1119 1229] 13280] 2| 0 1] 12114

9] 11461 [0.071 137 125] 20 6] 3269 929 1061] 9429] 2] 0 1] 6336

10[_11361 [0.062 179] 163 [ 24 7] 5255 1065] 1187] 13374] 2] 0 1] 10478

11[ 11163 [0.032 2341 213 36 11]10376 | 1417 1460 17699 2] 0 1] 21157

12| 11353 [0.014 167 152[ 30 9l 5842 1106 1209] 19618] 2] 0 1] 11702

13 11171 [0.003 232 211 30 9] 8794 1309] 1389[ 13227] 2] 0 1] 17858

14[ 11173 [-0.003 210 191] 33 10] 8431] 1284 1358 14533] 2] 0O 1] 17100

Index

1] 11251 190 0] 30 6.6[10978 ] 6127 [ 20.0 | 100000 | 892900 | 0.9 [ 26.0 2| 2855] 100.0 [ 926
2] 11352 163 0] 28] 6.8]10280 5386 | 20.0 | 100000 | 892900 | 1.0 | 26.0 2| 2446 100.0 [ 926
3[ 11253 190 0] 33[ 64[12233] 6084 20.0 | 100000 | 892900 | 0.9 [ 26.0 2] 2855] 100.0 [ 926
4[ 11453 108 0] 23] 58] 8393] 3768 20.0 ] 100000 | 892900 | 1.5 [ 26.0 3] 1631 100.0 [ 926
5[ 11252 [ 190 0] 30[ 69[10913] 6183 20.0 | 100000 [ 892900 | 0.9 [ 26.0 2] 2855] 100.0 [ 926
6] 11351 [ 163 0] 32[ 66[11807] 5340 20.0] 100000 | 892900 | 1.0 [ 26.0 2] 2446 100.0[ 926
7| 11262 [ 161 0] 28] 67[10312] 5327 [ 20.0| 100000 | 892900 | 0.9 [ 26.0 2| 2418] 847] 926
8| 11261 161 0] 33 66[11952| 5282 20.0| 100000 | 892900 | 09| 26.0 2| 2418| 847 926
. 9| 11461 92 0] 23] 57| 8486] 3329 20.0 100000 | 892900 | 15] 26.0 3] 1382 847] 926
10[ 11361 138 0] 33] 63[12036] 4650 | 20.0| 100000 | 892900 | 1.0] 26.0 2| 2073[ 847] 926
11[ 11163 | 276 0] 4471 6.1[15929] 8470 20.0] 100000 | 892900 | 0.5 [ 26.0 1] 4145] 847 926
. 12| 11353 | 163 0] 48] 64]17657 ] 5305] 20.0] 100000 | 892900 | 1.0 | 26.0 2| 2446 100.0 [ 926
13[ 11171 ] 226 0] 33[ 64[11904] 7123 | 20.0] 100000 | 892900 | 0.5 [ 26.0 1] 3398 694 926
IMIFITBGEA 14[ 11173] 226 o] 36] 62[13079] 7081[ 20.0] 100000 [ 892900 [ 0.5 [ 26.0 1] 3398 694 926
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-=0:
Index MCR RoRo=1

1| 11353 ] -0.154 150 136 | 26.6 8] 4705] 1027 1221 | 12357 2 0 1 9332

2| 11363 | -0.239 135 123 ] 235 71 3659 955 1147 | 10892 2 0 1 7150

3| 11263 | -0.246 140 127 | 26.6 8| 4277 998 1188 | 12191 2 0 1 8440

4] 11251 [ -0.251 197 179 | 235 7] 6091] 1123 1335 | 16519 2 0 1| 12222

5| 11271 ] -0.269 136 124 | 20.4 6] 3278 929 1123 6855 2 0 1 6356

6] 11153 | -0.274 222 202 | 359 11] 9951 | 1388 1564 | 19784 2 0 1| 20269

7] 11151 | -0.296 243 221 | 32.8 10 | 10343 | 1415 1602 | 20594 2 0 1| 21087

8| 11351 | -0.306 170 154 | 235 71 5007 ] 1048 1252 | 19260 2 0 1 9962

9| 11253 ] -0.329 174 158 | 26.6 8| 5721] 1097 1297 | 22654 2 0 1| 11449

10 11161 [ -0.333 214 195 | 29.7 9] 8159] 1265 1463 | 17717 2 0 1] 16533

Index

1] 11353 131 0 30| 6511121 | 4390 14.0 70000 | 717300 | 1.0 279 2 1965 | 100.0 683
2| 11363 104 0 27 6.1 9803 | 3634 14.0 70000 | 717300 ] 10| 279 2 1569 79.8 683
3| 11263 122 0 30| 6.3[10972| 4129 14.0 70000 | 717300 | 09| 27.9 2 1831 79.8 683
4] 11251 152 0 41| 7.0/ 14867 | 5040 14.0 70000 | 717300 | 09| 27.9 2 2293 | 100.0 683
5| 11271 91 0 1.7] 60| 6170| 3283 14.0 70000 | 717300 | 09| 27.9 2 1369 59.7 683
6 11153 262 0 49| 6.2[17806| 8042 14.0 70000 | 717300 | 05| 27.9 1 3930 | 100.0 683
.. 11151 262 0 51| 6.4 (18534 | 8083 14.0 70000 | 717300 | 05| 27.9 1 3930 | 100.0 683
11351 131 0 471 6.7[17334 | 4424 14.0 70000 | 717300 | 1.0 279 2 1965 | 100.0 683
. 11253 152 0 56| 6.8[20389| 4998 14.0 70000 | 717300 | 09| 279 2 2293 | 100.0 683
. 11161 209 0 441 6.6 15945| 6606 14.0 70000 | 717300 | 05| 27.9 1 3138 79.8 683
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