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Abstract

The northeast Asian region has already grown as one of the world largest and fast
growing economics. The GDP of the Japan, China and Korea has gone up 20% of the world
economy. And this region generates 30% of world total container volume. Furthermore,
they have become more closely dependent on one another as the gross volume of the trade
among the three countries is expanding.

On September 7, 2006, the China-Japan-Korea Ministerial Conference on Maritime
Transport and Logistics was held in Seoul, Korea and had a discussion on the current
situation of international maritime transport and logistics of the three countries is
accomplished mainly by maritime transport. Maritime transport and logistics play a more
significant role as the economical relationship deepen.

It is now the time to review current logistics and study on effective logistics network
design of the Asian region based on establishing reliable data in the maritime transport
and logistics field by mutual cooperation.

.This paper shows the NMRI’s own studies under the International Joint Study with
Korea Maritime Institute (KMI) and Water Transportation Institute (WTI) of China and
two case studies. One case study is on domestic container logistics studies for modal shift
and the other one is on the feeder container ship’s scheduling probrem for estimating
basic specification of ships.
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£ 21 EFOTEXRE - ERMD GDP D LB

(EAST ASIA)
Japan 4,909,272 8.17% 4,354,550 6.25%
China 3,860,039 6.42% 7,903,235 11.34%
Korea, Rep. 929,121 1.55% 1,358,037 1.95%
Hong Kong, China 215,355 0.36% 306,487 0.44%
EAST ASIA Sub Total 9,913,787 [ 16.49% 13,922,309 19.98%
(ASEAN)
Brunei Darussalam 11,471 0.02% 19,540 0.03%
Cambodia 9,574 0.02% 27,997 0.04%
Indonesia 514,389 0.86% 907,264 1.30%
Lao PDR 5,195 0.01% 13,243 0.02%
Malaysia 194,927 0.32% 383,709 0.55%
Philippines 166,909 0.28% 317,110 0.45%
Singapore 181,948 0.30% 238,503 0.34%
Thailand 260,693 0.43% 519,049 0.74%
Vietnam 90,705 0.15% 240,093 0.34%
ASEAN Sub Total 1,435,811 [ 2.39% 2,666,508 3.83%
EAST ASIA & ASEAN Sub Total 11,349,598 18.88% 16,588,817 23.80%
United States 14,204,322 23.63% 14,204,322 20.38%
Euro area 13,565,479 22.57% 10,899,815 15.64%
World 60,115,220 - 69,697,642 -

World Development Indicators database, World Bank, 15 September 2009
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Type of Ship
Container Carrier RO/RO Passenger RORO
in Asia 191 23 16 12 242
in Europe 218 144 210 n 643
Volume of transportation

in Asia(1000DWT) 1785 155 65 14 2019

in Europe (1000DWT) 2118 1133 883 29 4163
in Asia(1000TEU) 120 10%) 5(%) - 136

in Europe (1000TEU) 168 81(%) 63(%) - 312

KAssumed 1TEU equel to14 tons

“to Asian transportation(DWT)
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ROROship'saverage speed trend
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FLHDH MEIL1,602%, CT3(8-120,000DWT)
DRRKOER LD T NV—TTh b,

(3) NSHEHM
NIGFELMIT, BREBEIS LT DDA —F
B LT, NIEAMOHZE L. RWmE o0 —
ERIEE, 2005 FICOWTOHRENIRISHRET B, R
4.4 1T, ZN—THIMMEEE LD DL, BEIT
6,617 %, BL39 (10,000-40,000DWT) 78 #iz K o £
BB I NV—TThHbD,

(8)

R42 AVTTFHROBEHEER MM
Vessel Num. (year)

Symbol Capacity (1995) (2000) (2005)
C19 wup to 500 TEU 621 489 697
C20 500-1,000 TEU 452 509 848
C21 1-2,000 TEU 630 863 1034
C22 2-3,000 TEU 255 398 638
C23 3-Panamax Beam 283 413 752
C24 Post Panamax 9 128 473
C25 >=10,000+ TEU - 3
Total 2,250 2,800 4,445

=43 FhE oA —DEEHE R MAME (2005 F)

Symbol Capacity Vessel Num.
CT1 up to 60,000 DWT 90
CT2 60,000-80,000 DWT 134
CT3 80,000-120,000 DWT 580
CT4 120,000-200,000 DWT 327
CT5 >200,000 DWT 471
Total 1,602

44 NSHEAMOBEH =R MME(2005 F)

Symbol Capacity Vessel Num.
BL38 up to 10,000 DWT 556
BL39 10,000-40,000 DWT 2759
BL40 40,000-60,000 DWT 1318
BL41 60,000-80,000 DWT 1241
BL42 >80,000 DWT 743
Total 6,617

4.4.2 BLRBERY LT —2

CO: HFHH B A2HF T A27-0ICK 4.10 ® X DT
AR EZB K 1,400 DEEL 2500 D7 = A R A
Y REBEL, 6800 KDY 7 TRERSITT
ity hU—27 2R LT,

MANENFF T — 2 N — 2 I o & ME O
HERPLEIN TS, I Zoxy U —
JETC, REREESREREMNITTOL D &K
E LT, "B, 120 ERKT DEEHD —
. b LLEMFR IOy NU—JITHFEELR
WIS, ZOMWEE CO DHEH BN SR L
7o BONIMER (COPEH B HEITS L A
S MR- EET — 2 O &M E) 3R 4.5~4.7
WoRT @Y . TT~99% & 72 o 7=,

x45 BEHERN. aUTFMOMBHER
. Capture Rate (year)
Symbol Capacity (1995) (2000) (2005)
C19 up to 500 TEU 90% 92% 92%
C20 500-1,000 TEU 89 96 81
Cc21 1-2,000 TEU 90 97 94
C22 2-3,000 TEU 86 99 99
C23 3-Panamax Beam 89 99 99
C24 Post Panamax 96 98 96
C25 >=10,000+ TEU N.A.
Capture Rate (Total) 89% 96% 92%

Total Number of Captured

. . 146,150 252,563 285,335
Navigation
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= 4.6 BEER. Fih2 o h—ofiiEHEEEQ005 F)

Symbol Capacity Capture Rate

CT1 up to 60,000 DWT 85%
CT2 60,000-80,000 DWT 81%
CT3 80,000-120,000 DWT 80%
CT4 120,000-200,000 DWT 82%
CT5s >200,000 DWT 83%

Capture Rate (Total) 82%

Total N;Imb.er of Captured 26,170
avigation

*® 4.7 BEREN. \SHEAMOMBHEREFE2005 F)

Symbol Capacity Capture Rate
BL38 up to 10,000 DWT 7%
BL39 10,000-40,000 DWT 83%
BL40 40,000-60,000 DWT 87%
BL41 60,000-80,000 DWT 89%
BL42 >80,000 DWT 89%

Capture Rate (Total) 85%
Total Numbfer of Captured 122,463
Navigation

IHhEY, S EoAF—F —%HET 5 ETIX
ML nEEZLND,

4.4.3 BT RIESE

%Ak 9 B AT TIXIEE S CO2 PEHH R %2 3 E
LTWb, 7YVT7TRICEIT2HEHEIZX 4.11 1277
F. BAR T0~155 | FME 15 E~dbik 48 E
PHICH D ME Ry FU—27 Lofeaxg L L,

£7-. APEC NIk IFT 5 CO:z i &1, X
412 1ZRF X DT, BEE 95 A~ T0 B D FPH
WIZH D RKFEEOHBERYy bT—27 O & &
L7,

SIHlz, F—m vy NERNICEBT D COBEH &I,
413 IR T LoD, VERR 30 E~HR 45 &
k2T~ T EOHENICH DMBE R v b
U—7 LodHEE L,

K 4.10 MMAMBRY FT7—2

9)
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- /Aj‘-\-gim ” .

411 7T CO; HHEOHEHREBSHEY Y
(342 70~ 155 &, M#& 15 E~ 4% 48 &)

i - ———— 3
- I e SR 3

4.12 APEC A CO: HFHEDHEXNR LT LMK >
(A2 95 E~F#E 70 &)

e -
P LT g
g; - "%f =
===
)
.
i i — In..'f
P R 1= W O e ‘;ﬂ

413 3—0 v R CO; IHEDHERRELIMB VY
(AR OE~HRBF4I4E, BE2TE~LB T E)

4.4 4 PR B {

CO2 B o H#Ht E iz ix., Xk (Kristensen,
2002) TIREINTZTT ML B HEHIFEENN % H
Wiz, LRI+ Rixz o EMNOFREXT
D, FElo, ARG OFE TIX. @ 0O GE

(10)

I RKFEHE A E L EM B 4.10 128 LT
T N =7 BT A) 7 oFEEE Hv T
Do

e 1T

Ep =(caM™* +¢;M> +¢,M? +¢,M +¢,)/C
C=C,U*+CU+C,
T, BEBOEBRIZRDOEY THD,

Fo: Energy Consumption per TEU of
MJ/(TEU km)
U: Percentage Cargo Utilization

10 tons per km,

(assuming 100%)

M : Max. Capacity of TEU

Cr: CO2 Emission factor, 78(g / MJ)
=>78 Eo g/ (TEU km)

F 7o, R co~can Co~ ColIMivEHEIZ L B
mARETHEZONIEIFXOERTH B,

.. Normal Normal
Coefficient o sed-10% Normal Speed o 4 10%
co 1.803 2.513 4.018
o —6.165 —9.3276 —1.6965
x 10— x 10— x 10—3
s 1.99 2.9489 5.28
x 10—7 x10—7 x10—7
s —2.866 —3.9916 —6.697
x 10—11 x 10—11 x 10—11
s 1.522 1.941 2.893
x 10—15 x 10—15 x 10—15
Co —7.0 —7.0 —4.0
x 10—3 x 10—3 x 10—3
C, 1.14 1.235 1.37
x 10—2 x 10—2 x 10—2
Cy —1.317 —2.28 —3.78
x 10— x 10— x 10—

® ML — NI

E, =(coP® +¢c,P° +¢,P* +¢,P* +¢,P* +¢,P+c,)/C

C=C,U*+CU+C,

T, PEmRAKHE#ERE (M) T, £%
co~ce. Co~ColIMMHE I LV BARDWET
GzohsElEXOEHTH S,
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Coefficient Normal Normal Normal
Speed-10% Speed Speed+10%
e 1.18 1.56 2.267
x 10—1 x 10! x 10—1
o -5.30421 -6.80315 -1.02142
x 10—6 x 106 x 103
s 1.375542 1.7112 2.5656866
x 10—10 x 10710 x 10°10
s -1.904675 -2.3376 -3.45884
x 10—15 x 1015 x 1015
s 1.41175 1.72695 2.535
x 10—20 x 1020 x 1020
. -5.2661 -6.446945 -9.41706
x 10—26 x 1026 x 1026
o 7.748743 9.51531 1.3844865
x 1032 x 10732 x 1031
Co -1.81 -2.5 -8.0
x 102 x 102 x 103
C, 1.1827 1.277 1.362
x 102 x 102 x 102
Cy -1.648 -2.52 -3.548
x 1075 x 105 x 1075

4.4.5 RITHER
(1) a>TFHoco,HHE

4.14 1213, 2RO CO2 P & & 4 ik 5]
O EIE & 1995, 2000, 2005 1253 1 TR T,

200 ¢
g 180 ¢ Except Europe
2 160 - wErope
> 140
e E
5 120 £
B 100 | 152
& s
8§ 60 f 89
40 ¢
20 [ 40
o [ g e 24N
1995 2000 2005
(c) Europe
X 4.14(2) 3> TFHMO COL,BEHEDOFEF LD
Unit: MT)

CO: HEH B ITHIIRIC L D, s EZLICBEB L
FRHELTWDEZ ERNND, -, Hsl oL
HRICHT HEEIX. 7Y 7 T 1/3. APEC 1% 1/2
L, F—u T o 3 O TR/ E
EThoi,

# 4.8, 4,15 TIEEMWR LT 7 T CO2

200 . P E L2, MllE T 7 A —7RIIR L T
F 180 & = ExceptAsa e . .
S 160 [ mAg B ENKRE< 2213, COz I RITARE L
5’- 140 ¢ ROLMEEPEZ LN TS, BICHEHEN KX R
§ 120 © C24 D EOMITEL S, ZOHMEORMIZ=
% 100 ¢ YT IMOKRBEBEATL Z L EEHR LTS,
80
8§ 60 F
40 F _ N -
: K48 AVTHMOIIL—TH CO: HHHE
20 F
0 E | (a) R
1 9 9 C Year
995 000 005 ategory 1995 2000 2005
(a) Asia C19 up to 500TEU 3.3 1.8 1.5
€20 500-1,000TEU 6.5 6.8 12
200 ¢ C21 1-2,000TEU 15 26 26
F 180 ©  mExcept APEC C22 2 - 3,000TEU 6.6 20 25
= 160 - mAPEC C23 3-Panamax 15 36 47
> 140 F Beam
g 120 E C24 Post Panamax 0.9 13 65
o E
8 100 Total (MT) 4?0 103 176
§ 60 ; Cat Year
w0 E ategorty 1995 2000 2005
20 g C19 up to 500TEU 1.3 1.0 0.8
g €20 500-1,000TEU 2.4 3.4 3.7
0 C21 1-2,000TEU 6.1 10 11
1995 2000 2005 C22 2 - 3,000TEU 2.7 5.0 6.5
C23 3-Panamax 5.4 13 14
(b) APEC Beam
X 4.14(1) a>TTMDOCL,BEHEDFEFED C24 Post Panamax 0.4 5.3 26
(Unit: MT) Total (MT) 18 38 61

(1n
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CO2

Emission
Qty. [MT]
[ ]

Emission
Qty. [MT]
80

oy

c19
620 g24

c22
Category €23 @24

b 727

415 AV TFMOTIL—T5H 00, HHE

(2) BHmE>vH—0Co,HEHE

X 4.16 |

2% 20056 BT HHRME I —D

COfEHHEZf#EE T T V=Rl RT,

(12)

CO2 Emission Qty. [MT]

12
10
8

6
4
2
0

O Europe
3 Asia
= World

Lo, 0[]

CT1 CT2 CT3 CT4 CT5
Category

4.16 2006 FlcHBITHEBMEIH—D

TIL—TH 00, Bt &

MR TCOPEHBET 256MT &Y, T0OH L
D 30%FEENRT VT NTOHHE E o=, — 77,
a—my/\mfbfétﬂj% X 16%ThH D, Hii&ET
DHELEZV—7o% T CTs Offingix CT3 &
D7 COHEH BT CTs Mg k&> T
5,

(B) NSEHMD CO,HHE

B 4.17121% 2005 2 BT 537 fi A D CO2
HHELZREEE YT V=70 RT, 2t
RTCOYEHBEIZ6IMT & 220 . 2D 5 b D 30%
BENT TN TOH L LTz, —FH, 3 —n
v RNNOHEHE AT 11%TH D, FilZ o h—=
avTF e iﬂ%%_\ﬂ7ﬁﬁ%@%éﬁ\
BHEiEE COHHBLEORIC—FofEImNRS
¥, BL38 ZErWT, FO L —7THRER
HEWRAET Ty,

20
= O Europe
2. 16 [{OAsia
=) ® World
g
- 12
ie]
2 8
€
(“§ 4
O 0 | ’7 1 1 1

BL38 BL39 BL40 BL41 BL42
Category

4.17 2005 FEICHITHNSHEAHMD
JIL—TH Co, HEH E

(4) CO,HFHEEDFLH

# 4.9 12 2005 TR A MM L HEH &N
CO:tktiEA LD, ZOHE, a7 . K
WME I — NTFEHREMNS O CO2 HEH & I1X
264MT & 72 o7, HEH &0 iR E &1L 13%
(85MT) A3 —wm v,3, 34% (QOOMDNB 7 27 & 7
D, 7VT7TCiEa—um vy XL E LT 2.5 fFU L
DHEHETH -7z, £z, MHERIICED &, =~
TN 65% % Ho, PEHEICK L TXEMNTH
HIENyIroT,

I TELN MR RIX 4.4.2 HiZoR L7724

BRL, 444 BT LEREDOSL LFHEASHT

D, ZLOREEESREEL, LVEEOHN
ERERDDILGAIL., SHICHEMRT — X X—2
MHE L5,
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# 49 2006 FICHITHCO,HEEDHRE

Ship Tvpe Ship CO: Emission [MT]
pyp Num. Asia  Europe World
Container 4,445 61 24 176
’ (35%) (14%)

Crude Oil 8 4
Tanker 1602 (320)  (16%) 2P

. 21 7
Bulk Carrier 6,617 (34%) (11%) 63
Total 12,664 90 35 264

(34%)  (13%)

45 OV TFFrBLEEABOREL

A, BEORABO@EY . COz gk & o X
R IEOB AN RERBE LD, o,
CO2 HEtH & D KB IL AN 2 R T 2 Mttho = &2 b
Bl & B BRICH D T2 FiEoEk
FHME LEREESICEBVCL EEMEITEA
TERVWEERER LR -TETWVD,
COEREEEX. RE T T M Bk
1242 % OD (Origin Destination) FE X T 5 &
L., CO:EHEZFIMMEE LB T AT X
LIZEY, WEEORELEITo, EHIT, fif
PR ERCHEREEMFRINEZ2EBIC OV THEA
L7, 2B, 22Tk, BAR, vE, ##EO 3H
B2 FEEBOa T FiELEREEZ SR LT
2o

451 F—AR—-2

O T FERBES L 13 ¥ (H A 5 ¥ A,
B, o, KB, 4 &&=, BE 58 R, &
B o bBvE, K, BEML, &E 3 ¥ &l K.
) MoMSEEEEZRBTOT =2 LERL
oo (R LENSEFZIRAINTND,) &
O 13 ERomEETEERIZBIT 2WEEON
0% NI N TWB EBEbNE, B, 20T
— %% NMRI, KMI, WTI & o FEMZE e ¥ =
J MzBWTHLNTZHEDTH S,

A 13 P AT O A v BE R LT o ) T 4.18 1Z5R
ITHER Y N2 2FA L, 2 #EHEHSRE
BETRDL, ZOHBEREZ R 4101277,

418 OV FFHECRITERD
BBERBRY FT—2

4.5.2 I Fik

R FHELELTELEM T LT Y XA (GA:
Genetic Algorithm) % £ ] U | f i b o 7 A i (3
RO MIGE) X COs iR E Lz, BH., =
T EMMME A EER L T, MHTIEEBIC
GOl ERNRT B, VWb b SRR L FER
RELETEEEEL L D, Lo T, AGATIE, 5=
THH T H2EMEFELHOEME L LT, COH:H
BRRNE D EMMBME R Yy b U — 7 BT
LD,

EALOBRIZEB VT, #ME Vs (Knot), firfk
B L (min/TEU), £ %5 FF R M (min), f#
# C(TEU/vesseD D#i[A LT H &£ 95, 2B, K
WETIX, TVTIHANTENM SIS Wb a7+
Mmoo FE R I A b ¥ T Vs=15(Knot) .
L=2(min/TEU), M=30(min), 100<C <1200(TEU)
NEREZRIMBEEBEEL. 2N D OHMED LA,
CO i BICEZ D EBLHET D,

AHET GA T EMMMEOL— b (FHT 2
WBoOIERF) #xElTr2BRETCHHIL TS,
GA T L THZHEOBEGFX#HMPR S A0, D
BEIZOWTORBITET 208, KREDOE L
72 % F R BT Lk [Gen 2008] THL A & T W
LHHEICED, ARED GA D 1#EILRAT v 7
SODEBTHERINTND,

B1IEETIE, RehkogzFHE, BHOE
MMM TR E NS Xy F T — 2 (RBR) (12
Ta— N9 5, FH2BEMETIE, SMEKICHY BT
bhbdarr ot BiaERREIND, &H
SEEBE T, FEMECTH D COFEHEMNHAE SR
Do LTFIIR, SEEOHEREEZRT,

(1) JL— FFER (1st Stage)

HoBBEEIRAROBETREZRIAMTH S
BE O EHMAME THRSNDF Y T —TI2T

(13)
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& 4.10 13EROERMR (B Nautical Miles)

Port Name Dalian  Qingdao Shanghai Tianjin Xiamen Tokyo Yokohama Kobe Osaka Nagoya Busan Gwal;gyan Incheon
Dalian 261 531 197 1015 1143 1127 839 845 1014 524 478 252
Qingdao 315 413 855 1086 1070 782 788 957 475 429 328
Shanghai 683 588 1043 1027 739 745 914 474 444 488
Tianjin 1167 1295 1279 991 997 1166 676 630 433
Xiamen 1353 1337 1127 1131 1224 895 865 988
Tokyo 18 354 358 210 641 719 997
Yokohama 338 342 194 625 703 981
Kobe 14 225 337 415 693
Osaka 229 343 421 699
Nagoya 512 590 868
Busan 88 378
Gwangyang 332
Incheon

a— R4 5, Rk, EHMMKEFEEIEICESE 27 —27 THES), TXTO7 =2 I/HE LK

BOFFTRIIND, I TEHBEREFRIZ, X DEARFIEZ FF oYt fkiz, Task ID (1~7 —7

ik (Gen, 2008) T#H & 2 & 5. priority-based
encoding # XL LEFEEZEMA TS, #lx K
4.19 (2R T,

?l @
From Port: 1 2 3 4
ToPort: [2|3[4(1(3[4|1|2[4[1[2]3
Chromosome (Task ID): [ 7[6|3[8]4|9|1]|2]|10[{11]|5]12
Selection of Arc in
Descending Order of
Task ID
Service

Route 1 :4-> 3>4
Route 2 : 4>12>2>4
Route 3:2>1>3>2
Route 4 : 4>2>3>1>4

®
o

Route 1
O O)
O]
@< @/ \@ @%@
©) \\@
Route 2 Route 3 Route 4

419 RBHROEGEFEMIMNGRRE~ADTO
— K4l

TP, FASES 7 75k L (¥XTo 23k
DMHBEDLEICONTHERK, L2, M a2 o

(14)

o, MTIE1~12) 28VIES, (PP RT
v T TR T VX AICRET D) Z O Task ID O
JECxtindT 27 —7 %BIRT DL, iRy bT
— VBT AN TES, K 4.19 DFI TV %
WX, HRDO Task ID X 12 THY . ZnICHHeT
L7 — 7343 EEKT S, ki, #H3 %
KT 27— OFTRKRKOD Task ID i 10 TH
D, ZNICHIETHT7T—7 2&IRTH, Z0BE
ERAAOFE(HED)ICEDLE THRYIET Z L T,
MR, HDOHVIIHEE L RAIMBERHERTE S, K
4.19 OB T, 4 >OMBEICELDFy bT—27 N
lasnsZ iz b,

o X

AdE i, EBERIEO -2 THERX LT
position-based cross over WEEH I N TV 5,
DB Z K 4.20 1R, £ /O FFAME L
ZOWIIRERFMEALFOLEERELERL (F
mbb, AfkE) BlLT D5, WITK 4.20 2R
Loz, O TFOIIKHLTT V¥ AHITIERL
LEETFEOBETFEaEY—L, BHOIEFTODZE
WTWHBIEFEEZMTET D, FOIZOWTIE,
BHO, OQo&kFHEZBL T, TOIKK L TITo 7
BAEZ Y IRT,
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Select Position at Random

[716]3]8]4]9]1[2]t0[11][5]12]
R R

P62 30254

Parent 1

Child 1

ALY A A AR
Parent2 [9[2]1[711]6[3]8]12]10[4]5]
Filling Unfixed Position

Select Position at Random
Parent2 [9]2]1]7]11]6]3]8]12]10[4]5]
J J J

child2 [6[3]1[7]4]9[2]8[10]11]12[5

NN TN TN
Parent 1 [7]6[3[8[4]9]1[2[10[11]5]12]

Filling Unfixed Position

X 4.20 XX ®DH

o Z2 IR N
TREBRLELRTHRIEFEOEELRERTHY ., K
4 Tl swap mutation @A L=, ZhiE, 1
DOYGEBIZK LT ZODBEBEFEE T X LI
BRL, 20BBTE2RXBTD2HIETH D, AT
DFER. BRERFIT 08 L LT,

(2) MAMBEBHEDRE (2nd Stage)

1B OMBIREDEL, KHOH 2 BICBE
D, BEMBICE VLB TEHa T Mo HEikE
ERET D, AHRETIE, FRENOMEE TS
ThHr71H, LTFTORERIZT1L DOMBEIZHONTO
HEFEEZRT . ETMMAE x IR THET S,

x:[LZDJ (1)

ieR

IIZIT, RIISEBLTVWAMKBICET 2 0E
B ITEME R Eod, Dix#k 105 kO Fkk
~OFE(TEU/hr), L X% (he/TEU)TH 5,
ZoXFarrrIm—Ebrn, —EOHTRY
— 7 L=V NEID ST H I, R ST
LT, BB AP ) =2 L—rOBENBEM
THZEERELTNS,

WIZ, BN x 2 W TR T
IR T D,

Cmax > DmaxT/x (2)
Dmax :maRX{Dx}

T=T,+T, =T {l+a/a-1)

1w (PR 22 4FK) awE 15

a=LY D, /x

ieR

T, =%(d, 1V, +M)

ieR

2T, Daax 3B LOBY &9 2HHAOFED
HCHRRKDEE, Cnax (T ML LT —H—
NEZDarT FmEEEO#HA CRAOEEE

(KRETIZ, ET7 T HRATEM I AL TS 2
YT OBIRERE X 1200TEU & Liz,)., T
EAEBELTWVWAMBORRRMTHY . BEIKF
RO L BRI O Tr 3 X OV &R 702
EEND,

BERE I EE Ve (Knot) & X 4.18, #
410 TRLEMBERX Y VU —27 EOMIEEHEE d
(nautical miles)# AW TCTHHMICFHE I D, B,
BREHRER ME Ve Fa—F—NEHE LTH
25,

L, RQVRETHLRDL, T5ThHIHEEE
DFHTCa T T ORMEFELENRZIDI LR
BHL, 2y 7ok KEEE CIIRAUTHRE
35,

DT
C=|Zml 4100
{ 100x 1 )

ZoRIT, BHEED 100TEU O Mg % £ - 7= &
BEE LCHAEINDIZIEZERLTVD,

HL, R@OBBTHHI 2L, HRKOBHEHE (2
Z TIX 1,200TEU) thbarTFimEsEboTL
TH, METRELZENRI) LN TERVWI L%
BEHRLTHY, NI vmmE x4+ \BHELT
KoMtk x L ESHZ D,

D
x!: L D+ max
{ZR T e 1 (4)

f "~ max

xZEHWTHBE OB ERER, T2FFHE I,
Mz x, T80 x. TELTHRAL, =
VTITMOEBENRESN D,

(3) WIGFE (CO, 8k =E) DEHE (3rd Stage)
AWETIE, EINa T T EHME O X
v hU—271% CO2 Bt & TREM &L 5, HEHHR
Ar EF (in g CO2/NM/DWT)i%, %= (IMO, MEPC
58/4/8, 2001 LW HE T HZ L L Lz,

(15)
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2
EF=468.3L & (5)
DWT -V, \ V,
18,000
16.000 | Y= 9.966x+2977.

R=0770 ¢
14,000 ¢

12,000 il W AR
) .' .'
10,000 LY A
% ° o LYY
8,000 Ve
®
6,000 Z(

[ )

4,000 +—go
2,000
0 T T 1

0 500 1000 1500
THJ

421 TOTHATHEESHZTS>aTHM
NEHE (TEU) LHEEE (DWT) DE&

2T, DWT (38 ER (ton), PITEMHN
EKW)., Vs XTS5 CTH D =T F /iy o Wi i
(Knot), Vg 1Z& MM HE (Knot) TH D, 2B,
SWAHEEE L 13, /T D 7N TEBEIZHEN S
nNTWsdarsFHmofEEEL2ZERT 5,
AIEiDOFE 2T, 2T Mo EMHICR D IHE
BHL L CHEERE CTEURHhEND, Lo T,
EXRoRmES DWT., P. Ve iif#i&E CTEU)
MHEH LR TERLRY, £2 T, 2005 4F0
“Lloyd’s, Shipping Database,
Shipping Movements Database’’»n, W7 U7
HWATEMNENATWDa T FicE L, "TEU
E DWT OB, "TEU & VEORBZ %X 4.21,
422 0 Loz L, ERAERkD -,
E6lc, EHEHA PlcoWnWTiE DWT & Vek
FAWTK 4.28 ARTEIFERICEVHEST S Z &
L, L-o7TC, EXoEWRIF, BRE, HTUT
BMANTEMEINLTWDE a7 T x il E
Vs(Knot) TIEM T 5 5 & O e H AL 2 F bk

Information

220 %,
y=0.00551 x+ 12.84203 }
20.0 R =0.62278 4.5.3 BHTHR
' F 4111 0E, TSR (ANT) EMATREESR (I
180 ) 2FE b, £, X 4.24 FRARER (B X
5 ORI . CO2 gk &, 1 TEU K729 @
2 160 TR OBRE RT, BB, THIR LR
& W%, B R O BARE OB 82 25 R R BR o 2
14.0 M) bEERTVLS,
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