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A Study on the Estimation of Discharge Amount of NOx Emission
from Ships in Port of Busan

H. C. Song -] U. Lee -]. S. Choi

Abstract

Recently controlling of air pollutants emission from onboard ship as well as on land has become
more important issue. New Annex VI to MARPOL 73/78 and IMO NO, Technical Code were
adopted by the IMO. Particularly from the year 2000, according to Regulation 13 Nitrogen
Oxides(NO,) of the Annex VI, this regulation should apply to new marine diesel engines greater
than 130kW installed on vessels constructed on or after January 1, 2000, or which undergo a major
conversion after that date and most of engines which are being currently built should be tested
and surveyed in accordance with NO, Technical Code.

On the other hand, in order to prevent the port city from air pollution, we have to know how
many tons of NO, emit from ships in all port city and we should make our own implementation
schedule depending on our country’s status.

In this paper, it was carried out the estimation of discharge amounts of nitrogen oxides(NOx)
from all ships in the port. But it is difficult to survey for the discharge amounts of NO, from all
ships in a port city due to time and cost. So this paper proposed the method of calculation without
onboard survey. With the comparison and analysis of other countries emission calculation method,
author proposed basic data of total discharge NO. emission from ships in the port and simple
calculation method. Especially, this report focused on port of Busan, because marine traffic of

Busan is very intensified.
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Table 1 Vessels called at Busan port for a

month[2001.01]

A 54 o T G/T
o4 153 1,413,695
AHEA 250 1,198,375

45 HkA 5 48,842

AHE SukAM 19 100,002

A5 2 Rk 6 185,204

gy ukAd 2 3,940

35,334 123 319,262

Atz EA 378 2,458,227

ek RIS 829 13,689,905

Ao AgolyA 82 869,795
L 94 181 207,266
AFAAE A 413 656,662
Avld 94 91 229,174
LPG,LNG £uHA 7 8,771
oA 125 189,062
71etAd 448 397,067

g Al 3112 21,975,249
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Fig. 1 Chart for vessels called at Busan port for
a month[2001.01]
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Fig. 2 Correlation between gross tonnage and
engine power
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Table 4 Results of regressions between engine power and gross tonnage()

a%F &g 44 24(P9) , ZARAFR)
Container %7] tJA(ME) P=1.1631¢—1158.1 0.9556
17| t]A(DE) P=0.0464¢+194.31 0.9213

oy #7) tjA(ME) P=0.6816¢+1236.5 0.7474
17| tJA(DE) P=0.0682¢+ 161.62 0.6358

e z7) tj&(ME) P=0.4294t+1584.7 0.7975
2 7] tA(DE) P=0.0315¢+178.41 0.4155

. F7] g A(ME) P=166.37 ¢*1% 0.6812
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Table 5 Example of miles and time from ports

Nz E 4 3z~ mile
2,283 GO N-1)-F Y25 19/2h
28,805 GO FN-3)-ZYRT 16/1h
5,551 G A-AHF S 8/1h
A3 & 11,978 F A FN-3)-FLF-F 16/2h
35,691 139] 3H(N-3)-55 5 15/2h40m
2,401 39 (N-4)- 125 14/1h
15,884 9] 3HN-3)-7+ 1 5% 8/2h
4,601 139] 8H(N-3)4 325 15/1h40m
6,764 9] H(N-3) 725 14/2h
15,533 9 3H(N-3) 42 5 15/1h30m
gagoly | 37410 39 F(N-3)- A4 15/2h
26,131 9] 3H(N-3)- 214 o 15/2h
39,892 12 9) 3H(N-3)- 2} 4 o 15/1h40m
64,054 9] 5H(N-4)-7H 2 11/1h35m
wdogol M e REAAY Ae Uy AHclHe AH AL golT.
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Table 6 Estimated equation 1 for amount of
NO. emission

v]E9 | NO, WlE & 444 (Nm'/h)
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Table 7 Estimated equation 2 for amount of

NO, emission
NO, wi& 3
A7 A (Nm'/h)
N=1.42% P"B%x 103

Load
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75% | N=1.26% P+ 10 ° |u) 2 2 (Nm'/h)
50% | N=1.98% P 2% 10 3 {P:A 2 - (PS)
25% | N=3.13% P" %% 10 3
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2E49 7IBEH A1 S o] 83td A
2Hg FEFE o83y 7|FEHE T
F7] Ao RH3}Le FAE “dV|ed A
F3E Y3 7122A RuA"Y AF5E L3}

9 0.0] Table8ol a4 c}.



TE/FAFY Aoz RE wWEHe Fd2stEe] HEY Ao BF A7

(1) 71 A (ME)9| 38 43

Y - 234 Aol Full modez £33} o
o8z Fago] AN Hedy R
Table8ol] 18-€ 25 E o] &3t}

432 A} = NO, &3 AA

dute] Auk F Bz fAe Halg AL
dE uhg 71t A8 S Q8o A4k
Hom Tabled:= U848 AEE AHed Ao}
EE 7t AF Y EAo] gErE BigS

HEt g E R3e 2 3t ALE st

o

Table 8 Suggested load factor for ME

433 A% A
Table102 o]l Whjo g &% NO, s
Fg Fel@ Aoloh

4.4 NOx Attt 1l

NO: AN &5 71B5Ase) B
g olg3ted vt Fam Q- 2 P A
¢ NO, WiZ@e NO, W23 43410 o
& YN NO, WEF 45428 ALl
Adetdn o - 3949 7] gAel NO, )

A7) I o m v
500E- 6,000 10,000&

D A 500& m|gt 6,000% 1] gt gt 10,000& ©]’¢

F 83 61 61 46

SF 68 42 30 19

H 46 32 20 14

S 26 21 11 11

DS 17 15 8 9

Table 9 Suggested load factor for DE (&+$}:%)
a7 I I m v
500%- 6,000% -

gute e 00E P g o00= wu | 10 ooofu] g | 100008 %

vl Y= Halg 42 47 48 52

= nilg 54 62 56 63

Tablel0 Results of calculation |
zxs | 3 ME DE
A (T@\}; AEbAlZE | H | ME(PS) | DE(PS) NO, NO,
(HOUR) (kg/month) | (kg/month)

A 1,048,419 1,512 128 591,039 91,160 1,554 4,804
AHEA 473,906 4,038 129 430,702 63,725 1,460 7,672
AuksE A 2,581,614 15,450 450 | 1,831,743 | 276,300 7,630 24,178
Zeloly A 12,538,157 15,905 803 | 5947,049 | 100,826 16,568 77,335

& A 0 0
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Table 11 Results of calculationIl

Y % ) ME DE
A% (TON) RJutA)zb | }4 | ME(PS) | DE(PS) NOx NO,
(HOUR) (kg/month) | (kg/month)
A 1,048,419 1,512 128 | 591,039 91,160 3,450 5,071
AEA 473,906 4,038 129 | 430,702 63,725 2,412 8,383
JutsE A 2,581,614 15,450 450 | 1,831,743 | 276,300 | 10,592 37,231
A oA 12,538,157 15,905 803 | 5,947,049 | 100,826 | 35314 81,059
& A 51,768 131,744
Zege NO, AMY 19 A% F7] g 73 Table 112 A ¥ ol & At 23S
go] i 11~ 26%0l22 NO, & AHg42  vehdch

Z Load 25%% Aesx FAS) BZ A
38188 NO, A4 19 Ral7} watgF 2~
52 %022 NO, uj& & 21422 F Load 50%5
destel Avsich £¢ 4 - YA F7) ©
e} Pa|AzEe 1NBOE SR

(1) NOx ¥l&% 23 21$ o8¢ 23

4.5 NOx Alatri

ol A AFH uhs} Lo] kel SHL HF
¥z g2 Bl $E59 Beds) B
Ae dz¥z 2estel AFY BoU) Aok

5 = % ME DE
A% 333{) QA | 84 | ME@S) | DEPS) | NO. NO,
(HOUR) (kg/month) | (kg/month)
of 744 1,048,419 1,512 128 872,874 92,190 2,420 4,640
2R 473,906 4,038 129 510,517 50,979 1,816 5,490
UurslEA 2,581,614 15,450 450 | 1,823,109 | 161,784 8,572 19,404
A oYX 12,538,157 | 15905 | 803 | 13,708,228 | 740046 | 40,930 60,940
3 Al 12,808 29,534
2) NO, vi&% 234 28§ o] 83 23
2E % ] ME DE
A F (TON) Azt | AHE | MEPS) DE(PS) NO, NOx
(HOUR) (kg/month) | (kg/month)
A 1,048,419 1,512 128 872,874 92,190 5,29 4,885
AEA 473,906 4,038 129 510,517 50,979 2,878 6,228
UutslE A 2,581,614 15,450 450 | 1,823,109 | 161,784 | 10484 20,794
Aol 12,538,157 | 15905 | 803 | 13708228 | 740,046 | 90,088 63,445
3 A 12,808 29,534
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Table 12 Comparisons for results of calculation
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Table 13 Rate for results of calculation
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Fig. 3 Comparison of difference from measured
value and calculated result for 6550MC-C
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