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Evaluation of Exhaust Emissions from Ships in the Harbor

Kazuyuki Maeda*', Minoru Tsuda*', Kazuya Komatsu*?,

and Jyunya Ichinose*®

In order to clarify the characteristics of exhaust emissions from marine diesel engines and
ships in the harbor, and discuss the method of reducing the emissions, CO,/ NOy/ PM emis-
sions, ship speed, engine output, indicator diagram, etc. were examined by using 2342GT/
2795k W and 1020GT/ 1618kW ships equipped with controllable pitch propeller. In addition, cylin-
der gas temperature and heat release rate were calculated from the indicator diagram to analyze
the relationship between exhaust emissions and combustion. The results obtained from the
examinations are as follows : (1) CO,/ NOy emissions from the main engines increase with in-
creasing the engine load at both arrival and departure conditions ; (2) PM emissions from the
main engines at departure condition larger than arrival condition ; (3) CO,/ NOy/ PM emissions
from the generator engines increase with increasing engine load at both starting and running
conditions ; (4) It is effective to reduce the emissions to reduce the ship speed in the harbor ;
(5) As almost emissions in the harbor are emitted from generator engine, countermeasure to the

engines are more effective to reduce the emissions in the harbor.
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Table 1. Principal Specifications

TEEDO RIS EWBEOAE I v b Ly Ty vy Ship’s Name Koyo Maru |Tenyo Maru
Ta—7E2AFROFNHRICET TELAS, PEF b4 Main Engine
VY Y I E A TN AR B L ORI v AL Type 6 UET 45/75C| 6 ELS-32
. o R Output kW 2795 1618
- - o ~ ° ~ parany N — —
WABEDIC Lo # VPV v IERZLVEFYTVE—S Fngine speed rpm 230 280
CHRBEMIc X omB - REL, B2 oEEL L UOHR Pme MPa 1.02 2.25
by RVAOWOHEN REBENI0CI e a3 L9 L Bore mm 450 320
#2o NOy, O,, CO, CO, Ml (3HEH % S3H7 38 TEH Stroke __ mm| 70 640
Generator Engine
L, PMBAOHRERFRF Y2 VLD 70 vy — FicHE Type 6 UAL-UT | S165L-DT
Ltzo N ¥ X VICBO 7o b Y X 1425+ 1 CleiB % Output kW 044 309
o ; NI R . Engine speed rpm 900 1200
- TEVE T 22U o zt e
LB S HRERI X DIRESSCL T3 & 5 IcH Pre MPa 160 115
WL, BRRIFRAEDO NOy & CO, BRED SHH LT, Bore mm 200 165
FRBRAFREKOEN2FAET 5 LT kD 5HIRICE Stroke mm 240 210
2k HiL L, PMOERIF, ERFIHICE W TEE2C,
FESHBREES0%6 1o TE L 7o RAET20~80RF R E 1%, RER .
. Table 2. Fuel Properties
FRICEOBIEL 74 vy —DEEBEL L,
EBR, ¥ FEEMO SN BB, v R0 . Koyo | Tenyo
Fuel Properties Maru Maru
3 s ] - NEy = 7 - 35 N = =] -
BESKEBAEREICEWVREL SR A ICRES LR T 218 Density (g/c) 0.8638 0.8599
& Uk, ChEREREETT) CABE (sd, v Kinematic Viscosity | (mf/s) [2.80(50°C) |2.45(50°C)
Vv BIORES AT ORED Sh 2 TS 244 ;  Flash Point ©)_| 100 | 680
. A L s C|(mass%)| 86.6 86.5
PItg, ThexREKEET) B3 RI[ELME OB Constituent H| (mass%)| 12.6 12.6
A S MICT B bz, BoAABICE L THEENSTE onsttuen S|(mass%)|  0.59 0.44
BURHERA T > 2o BHELO HEEC B 23, : N| (mass%)| 0.033 -
‘ ) o . Residual Carbon (mass%)| 0.28 0.33
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Fig. 1. Measuring System of Exhaust Emissions.
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Fig. 2. Relationship Between Ship Speed and Engine
Load.
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Fig. 3. Relationship Between Engine Load and CO,.
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Fig. 4. Relationship Between Engine Load and NO,.

D5 1 NOy OEBBHIZ bhicfcd EBbN s,

X5, WicB B ERERE BAKREY 2 b o PMEE
HEOBRERT, FAMKEPMEEHEIZD W TH,
X 5(a), (bOEBRBIFIITICE O TERBED SHETEh
ZPMIFEBHEIORAE L 12> T Y, CO,BEHBDE
BLEEHELLV, RIHERLEEREEZHET L, @
fitic 381 5 FHEEE & HERBIO R —ARRICH J 5 PMEE
HERAEEDEZ S BEL K-> THBY, HELoFi
BB O TR COERPBEETH 5, Thld, EBFRZR
HEEDBHKOEBEBEV 2 dEKENPMSRELEY,
EESEKINICER b VIERP YY) v SBICEREL, R
MATELIRBEL 12 0 RIBORETHA R TBAT 2720 L
I oh3, £, PEHBVTR, v Y voigEEE
) v SRR I & 0 REIEMELT S o, v v B
RHEICE L o kG C O OER 2 RET 5700, B

(a) Koyo Maru
400 T Li L} L T 1
O M/E-C
)] ® WE-H
300 o) o) A G/E-C |1
A G/E-H
s °
200 | -1
z * 2
..
100 | i
A
&
0 1 1 1 1 i 1
0 10 20 30 40 50 60
Engine Load %
(b) Tenyo Maru
300 T T T T T T
O M/E-C
O @ WE-H
200 | o g |
<
o
Ce
2 .
Y
100 | o i
0 1 1 1 i 1 1
0 10 20 30 40 50 60
Engine Load %

Fig. 5. Relationship Between Engine Load and PM.
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Fig. 6. Indicator diagram.
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Fig. 8. Relationship Between Engine Load and CO
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Fig. 9. Emissions in Port.

SMPETERT 2PMBEHiHEha b0 LB bh 5,
BEROEME L bic, MTIRRLZEIKE, Y VIR
S ABES LR 5 LEEHmOERSRES N, KR
OFEHICERYT 2 PM BNt 260 Bbh s, &
o, MREHEBESEMNT 2 &9V 7 = — b EEEAKOBEH
BolEmT 3, 2okHic, PMEHHESATROHEIN&
btk T Bz, ERICBT B LEFET 510
121 CO,, NOy EFREIBHELBEMTH S, T/, HE
WA = v ¥ vicB T IRIESKOBEFRICE VTR
T PMBEHENE B35, ThzBET D0
EHBLEITIL B,

4.2 EBARILETB3AKEERMEDER

HEPIC B O TSR L I R S N B DB
ThAHY, HEREREAT ORI LT 5, K9 ICEA
<1 BEAL KBEORJERIEOHEE R T, KO
BHEHER, W - ABROK LB TEMEEIIMELL, »
FT1IERERITT A b0 L L, REEEIIFBRBERD I
100%E# (R & v N1 BT 2 B ORERER0% TER),
EER I ERL % B CARRER Lo b0 & LTEHEL
tzo I8 ~bICRLAcL ST, A—AMBICBWTIIER
B0 125 BARERMEOBHENZ VY, K2 iTRLk
IO ERNEBLTRFBEOATERMNS(BEELED
EREESEWY, BREERDRV, Thicdl, BE
HEERIIH « ABB BV TEERTHBOBNENT %
D ERRBEMNT 5, F1, S bEFEIRE L5,
ORERZAY, MIRT LI, BRTHMD SHE
HE N2 RIERME DRE S IFHEEBED SEHEShT
WB T EBP B, T, e ABICET ARRESK 9 I
RUEEBELIDEVIEREY, EAEENEV IR EREBHED
HEEQRKREL B, COTEDD, BRILBY3KRK
BB OB AT 5 odicid, ErhicE EER
KU EZ 5%, REBECHTIRELEHTHL LV

%%,
b F&o

BRICB VTR SHEH & h 3 RETERIE OBk
HEEEOPITT B EEbIC, ZOEREEEERECOV
THET LR, IR ofEREE k.

(1) E#BE» o ah 3 CO, & NOy OBRIREY 72 0

OHFHBRATMROMME & btk L, HEE (A

R & AER GREER) It 521D,



AT S O T S BEE S 15 RKTE R E O R R 139

(2) THBEA SHEHH & h 5 PM D BATEERT 72 D OBk
BIIASE (BEH) cBOTREMROEME & bic
BAT 5085, Ml (AREED B APEHEB IR ARE
(BREED) L0 &EL, ER24 A 7 VB TR
T OMERHEEE L1785,

(3) HEBHEAL P& N3 CO,, NOy, PM D BifiH:
M%7 0 O HERENROEINE & ik L, B
R RRERp) &EE . EIER (RN w3230
W,

4) BAEREBVURREZEE XD MM TERT 5T LI
&0, WiA» SHEES W3 KRB RMEEERTE 5,

(5) HERICB VTS h 3 KRS RME O KE D 3RE
WEah oHth s h 3, ThEERT 370 icid, ik
CERES LD T 5 L L b, BEEBRICEID
BA 5%, REBBICET AERENEELLS,
BRI, AL CHATEC CHHEL R : BR

HARK) EREN BE : HE5AZK) OEMEFERICH

BEELET,

X

1) @EAESEHS A7 « — ¥ VD 5 ODNOxHE
C HEEWCBET AT 7 = Vo — ¥, EABERS,

B, 1988, pp.1—23L

2) K.Mollenhauer, D.Mooser, G.W,Israel, and H.
Klingenberg : MTZ, 56(10), 602 - 606(1995).

3) F.Fleischer, E.J.Ulrich, R.Krapp, and W.Grund-
mann : 22nd CIMAC, 1455 - 1463 (1998).

4) BRERRRAK : HE ) vz v v=7 Y v rE¥ELE 36,
340-344(2001).

5) EHEEE . HA< ) vz v V=T v IRA, 36,
949-955(2001).

6 ) K.Maeda, K.Takasaki, T.Kirihata, and M.
Tsuda : 23rd CIMAC, 562 - 569(2001).

) Yy 77V A=y YHE : IAEES 2 O HMIBKERE
~OEELYILEROREREE, vy T VA -
vy I, HE, 1999,



