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ABSTRACT Recently, the environmental destruction problems are international social problems. The transport
systems are important elements for the conservation of the air environment. The environmental parameters are CO,,
NO, and SO, from the transport systems. This paper describes the effects of the reduction for CO,, NO_and SO_by
systematizing ship’s navigation schedule planning (Eco-navigation systems: Eco-navi) which can utilize the tidal
current and the wind in inland sea. The Eco-navi consists of three sub-systems: “Cell decision system”, “Current
calculation system”, and “Wind calculation system”. We define ‘Cell’ as the minimum unit for calculating the hours
underway. The cell, latitude: 1’ x longitude: 1°, has the current and wind information. We can calculate the hours
underway by utilizing the current/wind effects. We calculated the hours underway for the neap tides, ligging the tides
and the spring tides of ‘Kobe’ to ‘Hesaki’ by using the data of training ship Fukae Maru, and its time saving ration is
5.1 %, 9.6 %, and 14.8 % respectively, even if we reduce the system errors (3.8%). We proposed about 5 % reduction

of air pollution (CO,, NO_, SO,) from the vessel in inland sea.
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Direct discharge ratio | Discharge ratio after the

[%] demand distribution [%]
(a) Energy conversion 6.8 31.6
(b) Industry 37.9 30.3
(c) Transportation 20.7 20.1
(d) Work 15.7 5.0
(e) Home 13.3 5.0
(f) Industrial process 3.8 3.8
(g) Waste 1.9 1.9

E) BMAHRE, NMBIAZFOLYD, FHEISOSH LT LL 10062 b2,

+®2 FEEERRICO, NO,BIUSO DY -Fubhiz

D OPEE =
Truck Train Ship Airplane
CO, 174 21 38 1,480
NO, 1. 34 0.06 1.11 102.71
SO, 0.113 0.007 0.561 0.335
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T7z, INLOBIMEERIE, LR T AR
74T THRLTWa, RIZ, BIWAIEERE EEH
fif (B 20 A3 HRAE L T\ B ARAR) , BARAN (B AR AR LIS D AR

Yialb—Yar HEELT

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy
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B, F2, RVAF AT, MR X OEIC L BB
AL 72 S L ORERE 2 Z LT 581, [ FE
Wik & e T A VEATENLT A | vy 7T T
XD EDSWTEHERITH Y. vV EFEMBOME
IZDOWTHEI21Z7RT.

[ (Cell) ] L IIEEB I ORKEL1SD 7)) v FiZ
LR NARY AT LD ERNEMEE TS 5.
DD, WMEAEICET A B L PR T - 22
ZHLD A I, FEMBE 2 ERNANTHZ LITLD,
FEMBIIZZT L EVADERERET L L VH) T
ErHWL S, 2T, FEMBILET SN
FEE1DLEVEFRIEOATNT— 7 2 AT
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I Input of the course line I

l Position Information of the course line

I
|

Wind index numbexT l Cell number

Wind database

Distance in cell

I l Cell decision system

Cell number

Current calculation system

\ Wind calculation system

Current index I I
number
Calculation of hours underway in cell

| Estimation of hours underway |

Cell number l

1 BEETEVZED Y X5 2MLOE

Latitude:1’

[ ——
Longitude:1°
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52 Ia-FFE

ARFFECHWA LD - FE(R1)IF, REHEL A
7 4 (Cell decision system) ', #iEHH ¥ 2 7 4
(Current calculation system), JiGFHHE > X 7 4 (Wind
calculation system) D3 DD 7 ¥ A F L1 X H K &
NA. T3 - FEIBIT % HEE M R (Estimation of
hours underway) DEHFIRICOWT, LI FICHHET 5.
1) ZFEHEY AT A

YYARA I —EPCTAN S, PHh5EE
ML L DETE SN TEMEL, 25T A VE
TRTOLVEPLRET L (205G, FEME
(i) LTV ESIPO 1284 5). ZLT,
B SN2 VRIZ BT A )V BB (distance
incel) ¥ B 7 5.

2) WIRETH Y AT &

BIR S N385V OEIEIERE BT — & X— A
(Current database) 2> 5 REB L URIE L, #MATHEZIIC
B AZRELVTOERMBELHEET L. 22T, @it
T N— ZADOREEITEH R B L OEIREKIC B
LEFIEREHA LT AWICE DAL, BRI, 1
BEH IR O 12405 ORI 7 — & B 5, @Y 2 FFRE O
BT =y N— AR RBUMBENRLET S,

3) BETH Y A7 A

BIREN 2R ELVORIERE T — 5 X— R
(Wind database) & FIWVCEIE L, BEMB L CHEER
ERME) 2155, S THWART—F ~N—21d, #f
KSRk 350 B R ARV AL (BRVIAL) DAL
BUARSGEBWT— 71X VR IR A, KREEN
T8, ) Y A0 TE S, BN
BLUOEEED 0B ONRZ MVEHE LTRD S,
JEHE Y AT 2DV T, 4k, RGPS 0Jal
W 70N TY) XL OWENHEE %55, T Est
NPEEHETHLI L, BLUPLa - FEDY AT AL
FEHRFPEHWTHLZ b, REFFETIELa - FE
R4 27— L LTRBEEDSVWET— 7 2w
T —FRN=—A LT 5,

4) OV HLE R 5

IR0 DR & HEH S 7@ B L ORUED S,
Wit X ORI L 72 #E T N7 PVETRIC
T0&ERT L., FLT, LIVHEREMED S € VHER
BAEEILT 2. B8 ICHliREE T A MEENH I
WORT. REBIZOWTY, Aoy MVEEE
79 . BRI, BB L RO BE AL 724
BEOFEMBERDEIIINY MVEHET LI L TH
Y, B39 Actual speed vector D& & 2> b v IV HLAERE

X3 @WimEBEONT FVEE

MEEH L, $HEOMEEEBOHEL THIBLITTE
M FE2HATT A 720147 ) 2 &2k 5.

5) 3 5 At I P A

FREDOTFIEAE I 5 &M TOREL IV (K2
DA, EVEF1IPH12) 2BV TEDELITY, &
H S 728 VAL ERE B DA & HE e HUmIER & 375,

6. I-FEICLZBEBERS

IR DEMA 7 ¥ 2 — WK E R BT 5 2 50
B L OO ARSI e AR B I ARz -
YN X BRI O ED, EORECO, NO B L
UFSO, DFEH B H L & FEHWTREDZ D TRH, e
2179

6.1 FMEHE

T UL REREOFHMEIFMIE, 1)
I OB E OB L 2) ZoME
MAEAEZRE L1 FEIZL 5 C0,NO B LSO,
OPEHEIRE O & VAT . FNENIEICHAT
5. '

6.1.1 I3-FEDHEE

I3 - FYDFEFMIE, =3 FEICE Y TES
T fLAERT IS X 2 MLVBEE R (HEEAHERRR) & EBR O
EBRLT — & (R 2 T 5 Z & TIT R ) .
SEHLT — &1, WL X B 10 WO EMRHET— ¥
(R — LB © 3 A, hHE -REN 2 8E, B
H-EARE 2, AR 2 e, MEE-
EAR LR, ARF10ALE) 2 VL. 2L T, 2o
T DR L OBRIEHRO RE 3 S AR O3
ErlE v EA R EES (%) e LT, (DK
L hRkdb.

FiERE MR A = | HEERTIERER — SEREMUERRRY |
/FERERTHERE R % 100 (1)

REMMLE (Navl ~ Nav10) D, fa#(/ v R,
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+®3 EirALEOME
Ship’s
Navigation Sea area speed | Departure time | Arrival time | Tide Moon age
[knot]
Nav, ﬁgbe (1) to Tkeda | 5 ¢ 10%02" 154220 N 21.7
Nav, |fFede (2) tog 54 08"25" 13°50" N 22.7
Onomichi (3)
Nay, | Onomichi (3) to) 4 4 09*15" 13"10" N 23.7
Takamatsu (4)
Nav, Takamatsu (4) to 13. 6 08"40" 13"30" L 24.7
Kobe (1)
Navs ﬁsbe (1) to Tkeda | 15 ¢ 117207 16"10" S 28.7
Nave | [kede () o] 5 g 08°00" 12425" s 0.3
Onomichi (3)
Nay, | Oromichi () o, 4 09"45" 1345 S 1.3
Takamatsu (4)
Nav, | [akamatsu (4) 1o 4 g 0835” 14%05" L o2.3
Kobe (1)
Nav, | Kobe (D) tolkeda |\, 4 11%20" 16405 s 13.3
(2)
Navyy | eeda (D) to s, 09%00" 1520 $ 14.3
Takamatsu (4)
S: Spring tides, N: Neap tides, L: Lagging the tides
Japan

ﬂ)
o 5) Osaka

a_f

(1) Kobe, (2) Ikeda bay; (3) Onomichi
{4 Takamatsu, {5) Osaka bay; (6) Hesaki

X4 oG

AL, FIERZIB L W - Billc oV TER3 I
R T, AUTHEEE OB B4 18T, 250, W
4 O NSRBI, CO,, NO B XTTSO,
FEHHIBE R O 720 O HUERBLE GBS L) 2R
LTWwa., 7z, RIFOEEEFT ()05 (4)1E,
4HFROFGEHILLTWA

6.1.2 II:-FEIC&BCO, NOB&LUSO,D

HEHH B H |

B 4 W27 3 WU AL (AR | AP — B R 12 &
b, @i LRI E G L7225 O MR OHE
TExEAT). ZUT, Wins L ORBEE AL Rk
MLIEREIC & % CO, NO 3 X 1FSO HEHI = & K2 I1TR
L7zb > - ®0d/z) ofMEREP O/ 5. &
512, CO,NO BLUSO DHMEL I A MEF L,
HEWEARL L TORMGEEMENY) 2 5 55 %

R 184E 12 A

179 R, TGRS O HEEZR O 7200 COo,
PEB R R RE RS RO I A MREEFIZLD,
ZTNEI N ¥ H72Y fiitg 9,450 H /ton-CO,, 66,315 ]/
ton-NO , 50,159 [ fton-SO &3 %20, 72721, 10[ml®
WL T BV B RIS, AR O FIHRE 135/ v b
Ed B F, BIREBIIOVWTIE, 2ORNEIE
FES 3 A 7201k, Tl X OV 3 E SR
ETA, IO FEICKAMEPNENEO 1 BH72Y
DOHEEEDROFHMIAE, FHH L X5 &3 585 ()
EEP1IHIC 2B GEHE) &5 2 &, B L TREEGH
ELT, AR EZ RACEROAZEIRT S L1
PLFLOTETENI &G, HEfRESNTYS 1
H OFEAA0 R (PN ALTEEARAN © %9 3,000 8) & [ % 3
HBIZHEWS

6.2 BWREER

6.21 Id.FEDEE
FEEMERFHABL L - FEICIVEHLHEE

HEHERERT 22 5, (1) 30T & 1 ko 7= ERR SRR x5
LR A AR SR RART. B, = -

T L AR OHEE L, Wits L KR LN
U726, B BO 2L 72865 X OWIR
B LRI EEE O IML Rwiaiox L
TENET o 72,

F4 LD, FERHEREE & FRB & R A

JE— 65 JRN—
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x4 FLBRERERE (%)

AH vs. AH vs.

EH_CW EH C AH vs. EH
Nav, 0.9 0.6 3.4
Nav, 0.9 3.4 1.9
Nav; 8.9 9.8 8.1
Nav, 2.8 2.8 2.1
Navs 9.0 9.3 12. 4
Navg 1.5 1.1 1.1
Navy 0.4 0.0 2.5
Navy 0.3 0.3 7.9
Navy 3.5 4.6 8.8
Nav,o 5.0 5.8 0.5
Ave. 3.3 3.8 4.9

AH: Actual Hours underway, EH: Estimated Hours underway

C: including Current effect

CW: including Current and Wind effects .

M5 #WmeBErSmL -t

U7z T & B e MU ipieg ] o0 2206 (AH vs.
EH_CW) X, ¥¥3.3%, Bk 9.0% DR Tt wjE
THhHIENWbrdb., FLT, WITEOREATIL 723
A DRSS (AH vs. EH_C) TIXF#3.8%, 1 /K9.8%
Th 5., BEBL, FHEAEETZEDRES% E %
D, RILLOMESCIEBREZE RN D & L Thk
hREVWEEZOLND.
6.22 IJ-FEICLBCO, NO BLUSOD
B B
97, PR (P SR 2R e L, =
T-F &Y & N 1R O & PR ) (x )
LERT O A AATIN L 7235 O He e Mg R (y dilh) o BF
BizowT, —FIZE5 IR,
IS &0, HESEEENC L ) BB LT 5 HeEE s

Oh 18.897

Sireieih

< F E O s B (-
RN 182 B, BR21LIBRTH Y, #H3EHozE "

BEULEZ EWbPs., ZOFEREPS, 23 FEIC
X 2 BT A 0 B YU, B O G
BAE T AT — PR T AHICEINT 5 & A% <
WfFETE b, 510, EMMAzMREANEHRTE
HERE R 2 AT A 2 L IC XY, IR ER o
TR REATAE L, WM ER TH L LEZD
n5h.

Rz, AN DREE L TR KIVERERICD
W, T PITERLIS 12 & A EEI A, SR T — & (R
3) DK (Navs - A#528.7), Hi#l (Navs . A#i23) 5B
L OVNE (Navl © Bi21.7) 25 & LT, REMIER
i (HU _long) 3 & OV ST AN i ¢ [H] (HU _short) % 5K 72
ERARSIIRT.

66 —— Yial—vay BISEELE
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F5 L0, HUERER S MR T 3 BERT 38 43, /Nl
RECLRER 3740 & 22 0, WUiEETBISIEED ¥ A T AL
KU, BRI LY JAD 13K 2 ~ 3EERT DAt
WS E HAL S e TE L, ZoRRIE, AN,
B L OVRENC T LTS, 8.9%, 13.4%, 18.6% D
SRS SR L, S OREIZ &P S 2 O
HEEEES L, $72, CofFREIZa - FEDF
YIHEEAT IR R 2520 (3.8%) £ L3 T b, IEIZS.1
%, 9.6%, 148%THY, THIHMTHILLEZA.

MLERE ] D 4712 X % CO,, NO, B X UFSO HEHHI
W& (giton-cargo) B X N F D a A MEHESHE (M) 2 %1
ZNER6, W7 IIRT. K6 DEHEH 7 AHE & (g/ton-
cargo) (i, 2R LARMHD b > - F 1 d 720 OPRH
%(COZ: 38 gfton-cargo-km, NO_: 1.11 g/ton-cargo-km,

®5 MR~ OWEE

The longest | The shortest Diff.
hours hours
underway underway
Neap tides 18%08" 16"31" 18370
Lagging the tides 18"51° 16"19" 232"
Spring tides 1933" 15M55" 3hggn

F£6 TI-F¥IZL%CO, NO, SO HEHHIHE (g/ton-
cargo) (FitF — ER# )

CO, NO, SO«

Neap tides 1,536 44.9 22.7

Lagging the tides | 2,407 70.3 35.5

100. 8 51.0

Spring tides 3, 452

C0,(g/ton~cargo) =38 X L WMl (&K 5 M) x18.5 /7 v h
NO,(g/ton~cargo)=1, 11 X fi #EP¥ M (K 6 DfE) x13.5 ./ v b
$0,(g/ton~cargo)=0. 561 X FiME WM (K 5 D{E) X13.5 /7 » k

®7 Ta-FVYICE5CO, NO, SO HHEHIHET A b
B &40 (Yen/ton-cargo) (R F —#H5)

CO; NO, SO,
Neap tides 15 3 1
Lagging the tides 23 5 2
Spring tides 33 7 3

C0,(Yen/ton-cargo)=C0,(g/ton-cargo) (&K 6 O &)
X 9,450 (Yen/ton)

NO, (Yen/ton-cargo)=NO,(g/ton-cargo) (& 6 D {H)
X 66,315 (Yen/ton)

S0, (Yen/ton-cargo)=S0,(g/ton-cargo) (& 6 O )
X 50,1569 (Yen/ton)

SERC184E 12 A
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So,: 0.561 g/ton-cargo-km) {2 #3228 & FEARAYIZHL D A
M6 AT & ARUIERE S (3R 5 OfF) & HRIH
357y MiZkh ko HEEEZFRCTCEHRLTY

A6 125 THH L -tk & 5 U TR LT
w5,

W N A BB AT A NALTIEEARAR X 1 H 12K
3.000& LHEE SN, F6BLUETIEHSNFEREL
O, WL AEEEM ML T - S X AR
FHEZRIZL D, 3,000% HzlHEdhid 1 HH 72D
A7 (&b 4,608 kg-CO,fton-cargo, 134.7 kg-NO /ton-
cargo, 68.1 kg-SO /ton-cargo DHEL A A, HHapEH
L LT OEEEIE Tl245,000 Yen-CO,/ton-cargo, 9,000
Yen-NO /ton-cargo, 3,000 Yen-SO /ton-cargo % Hll i~
b= 7T A ENHEETE S,

AKUFFROFERD S, WA OAEFT RO ¥ A
TAabiZE Az - FEDFEHICL Y, HREREE
RESELZEDHNTH D 2 L x g BAICFHE,
BT ERD.

7. BbYIC

AEFFETIE, BREREDT-OO—FEmE LT,
AMERUC R & B L 52 5MENTITH 28 B
JUBREH AL oo - FEICE b, Biorow
BEPNK E WEITE B L BRIV ITEL Y 3A A 72 B SRR S
BOWEZIT-72. 2 L CHANEE SRS L
T, ML L R OB4R D S A L A HiU i B2
T MR 7 A B A E R A L, S e AR
1 L 72 fivEst B ASHEH 7 A B IZ R & < BRI AR T
BB EORFEEITST2.

MR LT, MANEYEEICHRITT 258, Sk
CELFRZHBAIERT L2 L THS%OPER
AGHITE AR AR Uz, 72, IEREEICIE,
SEVVEITE & FFO RS ST L, AIFEO R EIE
%L OEA THHTREL R TE 5.

AiRlE, S HICKME, MEROFET — & T IE
L, ABFETIRE LT - FEY AT 2O, i
AN DOFNEDOMIER R T AT L % W AR OB i
WEOFTHIZ OV TEET 2LEND 5.
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2) K. William Kapp: Environmental Disruption and Social Costs,
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