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Abstract

DOI: 10.5322/JES.2011.20.5.599

Emission of air pollutants such as nitrogen oxides (NOx), hydrocarbons (HC), SO», and particulate matter (PM) and CO,
from ship during 2009 in Busan port was estimated based on activity-based method. The significant fraction (> 50%) of ship
emission resulted from container and general cargo ships. Emission at port operation mode was the most dominant compared
to at sea and maneuvering modes. Emission at North port was the largest source of air pollutants among ports. The
magnitudes of air pollutants NOy, SO, HC, CO,, and PM in Busan port were 8.7 x 10, 8.23 x 107, 0.35 x 10°, 4.86x10°, and
0.67 x 10° ton/yr, respectively. The ratio of NOx to VOC is about 25. Our ship emission estimate is 2 times higher than that

in CAPSS emission inventory.

Key Words : NOy, Vessel category, Engine power, Actual speed, Emission factor
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Table 1. LMIU Vessel Categories
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Iz:l\(/)l(lig Vessel classification Classification of the Ministry of Land, Transport & Maritime Affairs
All Liquefied gas LPG, LNG Tanker

Al2 Chemical Chemical, Chemical gas Tanker

Al3 Oil Crude oil, Oil products Tanker

Al4 Other liquids Oil-feeding, Water Tanker

A2l Bulk dry Bulk Carrier

A22 Bulk dry/oil

A23 Self-discharging bulk

A24 Other bulk dry Wood, Ore, Cotton, Coal, Cement, Hot coil, Steel, Sand carrier

A3l General cargo General cargo

A32 Passenger/general cargo Dry cargo/Passenger

A33 Container Container, Semi-container Ship

A34 Refrigerated cargo Refrigerated cargo Ship

A35 Ro-ro cargo Car Carrier

A36 Passenger/ro-ro cargo

A37 Passenger Passenger, Ro-ro cargo Ship

A38 Other dry cargo Sand, Steel, Crude oil, Chemical, General cargo, Construction Barge, Other Barge
Bl1 Fish catching Near shore fishing, Deep-sea fishing Vessel

B12 Other fishing

B21 Offshore supply Delivery, Pilot Boat

B22 Other offshore

B31 Research

B32 Towing/pushing Towing, Pushing, Entry Tug

B33 Dredging Dredger

B34 Other activities Waste disposal, Government, Patrol, Military, Other Ship

Wil Other activities Non-seagoing: Chemical, Chemical gas, Crude oil, Oil products Tanker

W12 Other activities

Non-seagoing: General cargo, Dry cargo/Passenger, Passenger, Excursion Ship
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Fig. 1. Study area for estimation of air pollutants from ship in Busan port.
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Table 2. Summary of the number of ship at specific mode in Busan port
Ship type
Container Passenger General cargo Other ships
< > < > < > < >
Mode 300ton  300ton  300ton  300ton  300ton  300ton  300ton 300 ton
At sea - 11,841 1,489 1,254 44 7,069 13,929 11,816
Maneuvering - 9,230 1,486 1,207 40 2,363 6,676 4,399
At port - 11,850 1,488 1,252 29 6,088 15,498 13,526
3. Zut # 1FH SHH 60% ©]AFe] A1Hlo] maneuvering =S A %] A]
QT FIE7} obl el Huksh 2o ettt
ALSH O Z35F Mul HjE2F E
31, 200955 TAE BAE 05 aE £ Adlo]UALe tfRS} AR 1,000 ofste] 4utol
20099 = &g AHF 50,6227 5 8664 St ZA|5}4] okQF}
- - R S A .
7} grob wjEeE AP iAol A AlSIskict wiE v
2 APg i AlaE FollA] 300 o) ito] Al QlEd) 3.2, Mt HHSY MES 2R HhEA
1= 32,7193]0fm Z1 Fof A FAIX] S o ko] di7| e H=d wiET Aol AREE =
Gl ApE oF 7%, HISE ARS Sudt 5 gl AG MiEEL 55 NO,, SO HC, CO,, MY
AR oF 9% 4ttt 3008 ulgk Mule] A ¢l&g 52 (Particulate Matter, PM)o|t}. ti7| e Fd&E2 &
Slo= 17,018 3] = Z1 74 2] 34%E ZFA|stAA Rt Al NO.&| HiEAlT= 7 F72 HWiEAsE 285t
S8 7.5%2 UERGT] Table 2= FARFS gkt &3S AP &, 20004 ool Az At
A} 7}eh) 2l o] ZHo| 2 Auto] 7k L3l = 2 | 3#31= H|EAEF-NOy 2000)2}- 2000 1€ 1
& APy oll ARS-E ARbE LER AL Qlct At Q] 0]& NO, A7MF o8 |Azk wA|u&-S 13t
port R EX= Adlo] X EQ] 240P'6}— L9 Uolef Hl & A EF-NO, 2009)E 285191t} Entec UK 2]
A A s el 25 Wele A5 25 st 2000 SO, HiEAl= IVL 2294l £H7 15401 A]
3! @Itk Maneuvering == Aldfbo] Fizof Ayl A|A1gE % 7} Marine gas oil, MGO; 5-3-2 &
QA £HE S0 FJEE o]5sl= £ E o)y L9 271 8 ),,] SIBLERS 0.25% 2 7HE51al A=
R Ho] Holsitty BT O R at sea RER SFOU, S-Eutet sl o] sk Ak
SapalE A0S Fol A Aol AT NS Ale] AR BT 71| 1% oftolwL g3 I et

Table 3. Emission factor with different engine/fuel types in three ship operation modes (g/kWh)

At sea (Main Engine)

Maneuvering (Main Engine)

All mode (Aux. Engine)

E/r:cﬁ:l‘iytlyjze NO, SO, HC CO, PM NO, SO, HC CO, PM NO, SO, HC CO, PM
SSDMGO 170 00 06 588 03 136 20 18 647 00
SSDMDO 170 37 06 588 03 136 41 18 647 09
SSD/RO 181 105 06 620 17 145 116 18 682 24
MSDMGO 133 1.0 05 645 03 106 22 15 710 09 124 22 04 69 03
MSD/MDO 133 41 05 645 03 106 45 15 710 09 124 43 04 69 03
MSD/RO 140 115 05 677 08 112 127 15 745 24 131 123 04 722 08
HSDMGO 120 1.0 02 645 03 96 22 06 710 09 124 22 04 690 03
HSDMDO 120 41 02 645 03 96 45 06 710 09 124 43 04 690 03
HSD/RO 127 115 02 677 08 1024 127 06 745 24 131 123 04 722 08
GTMGO 57 15 01 92 0 29 32 05 1014 05
GTMDO 57 58 01 92 0 29 64 05 1014 05
GT/RO 61 165 01 970 01 31 181 05 1067 15
STMGO 20 15 01 92 03 17 32 03 1014 09
STUMDO 20 58 01 92 03 17 64 03 1014 09
ST/RO 21 165 01 970 08 17 181 03 1067 2.4

* MGO(Marine gas oil), MDO(Marine diesel oil), RO(Residual oil)
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Table 4. Summary of emission factors for air pollutants including CO, for 3 ship operation modes(g/kWh)

"NO, S0, _HC_ CO, PM_

MU ME AE ME AE ME AE ME AE ME AE
Code Atsea  Mane- All At sea Mane- All At sea Mane- All At sea Mane- All At sea Mane- All
uvering___mode uvering __mode uvering __mode uvering __mode uvering __mode

All 796 6.38 12.29 12.60 13.86 11.33 0.30 0.91 0.40 823 905 719 1.06 224 0.75
Al2 1554 1244 1235 10.92 12.06 1230 0.56 1.68 0.40 644 709 722 140 2.40 0.80
Al3 1398 11.18 1235 11.67 12.87 12.30_0.50 1.50 0.40 689 758 722 148 2.40 0.80
Al4 1561 1248 12.35 10.86_12.00 12.30 _0.56 1.69 0.40 641 705 722 1.37 240 0.80
A21 16.85 13.48 1235 10.56 11.66 12.30 0.59 1.78 0.40 623 686 722 1.67 .2.40 0.80
A22 15.84 12,68 1235 10.27 11.35 12.30_0.56 1.69 0.40 642 707 722 1.56 231 0.80
A23 1343 10751235 11.47 12.65 1230 _.0.49 1.46 0.40 693 762 722132 235 0.80
A24 1636 13.09 1235 10.54 11.64 1230 0.58 1.73 0.40 631 694 722 1.58 2.38 0.80
A31 1538 1230 1235 10.84 11.97 1227 0.55 1.66 0.40 644 709 722 1.33 239 0.80
A32 1485 11.88 1235 11.06 1221 1230 _0.54 1.63 0.40 652 717 722 1.20 . 2.40 0.80
A33 1649 13.19 1235 10.68 11.80 12.30 0.58 1.75 0.40 631 694 722 1.63 2.40 0.80
A34 1637 13.09 1235 10.66 11.78 12.30 0.58 1.75 0.40 629 692 722 1.55..2.40 0.80
A35 1448 11.58 12.35..10.99 12.14 12.30_.0.53 1.58 0.40 648 713 722120 237 0.80
A36 12.50 9.92 12.35.9.99 11.04 12.30 0.42 1.28 0.40 686 755 722 073 2.14 0.80
A37 1242 993 12.35 11.74 1296 12.23 0.46 1.39 0.40 696 766 722 0.81 239 0.80
A38 1040  8.32 12.35 12.86 14.16 12.30_.0.39 1.18 0.40 757 833 722097 240 0.80
Bll 1322 10.58 1235 11.31 1249 1223 0.48 1.44 0.40 674 741 722 0.84 238 0.80
BI2 1245 .9.96 12.35 1222 1347 12.30 045 1.35 0.40 720 793 722 1.36.2.39 0.80
B21 13.10 1048 1232 11,02 1217 11.83 0.49 1.47 0.40 675 743 721..0.79 233 0.78
B22 12,64 10.12 1235 11.14 1230 1230 0.44 1.31 0.40 682 750 722 0.78 2.33 0.80
B31 1330 10.65 1235 11.44 12.63 12.30 0.49 1.46 0.40 673 741 722 0.86 240 0.80
B32 12.88 10.32 1235 10.83 11.95 1230 0.42 1.26 0.40 673 741 722 .0.80 230 0.80
B33 13.27 10.61 1235 11.37 12.56 12.30 0.49 1.47 0.40 674 741 722 0.84 239 0.80
B34 11.72..9.37 12.27 10.87 11,99 11.02 0.42 1.27 0.40 705 776 718 0.75 221 0.74
WI11 12.52 .10.02 12.35 1096 12.11 12.30 0.48 1.43 0.40 645 710 722 .0.76.2.29 0.80
WI2 1197 9.62 12.35 11.50 12.70 12.30 0.20 0.60 040 677 745 722 0.80 2.40 0.80

* Emission was calculated using EF-NOy 2009.
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Table 5. Average vessel speed in Busan North Port (in knot)
Average speed

LMIU

Code Vessel classification p]gfstgge Passage At sea
All Liquefied gas 6.4 109 126
Al2 Chemical 6.4 109  12.6
Al3 Oil 7.9 103 11.1
Al4 Other liquids 6.4 109  12.6
A21 Bulk dry 5.4 112 109
A22 Bulk dry/oil 6.4 109 126
A23 Self-discharging bulk 6.4 109 12,6
A24 Other bulk dry 5.4 112 109
A3l General cargo 5.2 9.9 10.3
A32 Passenger/general cargo 9.4 165 172
A33 Container 5.2 9.5 11.8
A34 Refrigerated cargo 6.4 109 126
A35 Ro-ro cargo 8.0 11.8 122
A36 Passenger/ro-ro cargo 6.4 109 126
A37 Passenger 12.8 17.1 16.7
A37 Ocean greyhound* 11.7 351 393
A38 Other dry cargo 6.4 109 126
BI1 Fish catching 6.0 8.7 8.0
BI12 Other fishing 6.4 10.9 126
B21 Offshore supply 6.4 109 126
B22 Other offshore 6.4 10.9 126
B31 Research 6.4 109 12.6
B32 Towing/pushing 6.3 7.3 7.5
B33 Dredging 6.4 109 12,6
B34 Other activities 6.4 123 143
W11 Other activities 6.4 103 10.2
W12 Other activities 6.4 109 12.6

* maximum speed over 30 knot
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Table 6. Intercomparison of ship emissions in passage I
estimated using two different speeds (actual speed
vs. regulation speed) (ton/yr)

Vessel speed NOx SO, HC CO; PM
Actual speed 523 506 48 30,195 76
Regulation speed 456 437 34 25744 53

Percent difference
(%)

128 13.6 292 14.7 30.3

3.4. 2009 SAE Mub [§7|2F HIEH
20099 = vJ c} Adet o7 |e=
o] SLE_/HJ_]— Al H =
o & OE‘-TLC’HH HhZEakol] glojAl IMO NO«
Technical CodeZ oloH A AR &3)5H= A4EFe] NO
5 sl B7teta 4
Az o) A a5 a3t v E Al 4~(EF- 2009)%
o- g3 v &t Al wAn]Eo] A A ok ilE
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Table 7. Summary of emissions of air pollutant from ship (10*ton/yr)

b

__NO*_ SO, Hydrocarbon (HC) CO, _PM*
Operation mode  A33° A31° All' A33 A3l All A33 A3l All A33 A3l All A33 A3l All
At sea 0.96 0.09 144 0.64 0.06 1.05 0.03 0.003 0.05 38 3.69 62 0.09 0.007 0.13
Maneuvering 0.7 0.03 0.94 0.66 0.03 0.92 0.07 0.003 0.09 39 2 54 0.1 0.005 0.14
At port 243 051 634 241 050 626 0.08 0.02 021 141 30 369 0.16 0.03 0.41
Sum 4.09 0.63 8.71 371 059 823 0.18 0.026 0.35 218 35.69 486 0.35 0.042 0.68

* NO, emission was calculated using emission factor of EF-NO, 2009.

® PM: Particulate Matter

* A33: Container ship, A31: General cargo, All: Total ship emission including 26 ship types.
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Fig. 2. Emissions of air pollutants from different ship types in Busan port.
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103 0.35 x 10°, 4.86 x 10°, 0.67 x 10’ ton/yr= L}&}

o NO/VOC H|Z&eF H|= 252 Uepgc) B o
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20095 #-8-3F Fakge] 2009 vj&S-S v}
™ CAPSS H| &0 2007 W% A& QY= B8k1
2 A-tollA] 4Hggh HHEEH 9] 26 7i7to] El=
Ae & 5= St} o= ABARSES 7INIeR Sk
CAPSS@} 12 ¢+ HHgEk AP o] ztolef A 7]

Qe o F2En, A del et APk
CAPSS O] W&k A4 & epake] 2ol & 2 2
o5 yzrElc,

Table 8. Comparison of emissions of air pollutants from
ship between CAPSS and this study (ton/yr)

NOy SO, HC CO, PM
This study(2009) 8,710 8,232 348 486,280 675
CAPSS(2007) 15,612 14,304 682 - 581*
Percent difference  44% 43%
*PMio
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Table 9. Comparison of NOy emission based on two different emission factors (2000 vs 2009) (103t0n/y)

NO, NO,®
Operation Mode A3} A3l All' A33 A3l All"
At sea 0.96 0.09 1.44 1.01 0.09 1.53
Maneuvering 0.7 0.03 0.94 0.75 0.03 1.04
At port 243 0.51 6.34 2.58 0.54 6.73
Sum 8.71 9.30

* EF-NOy 2009 case
" EF-NO, 2000 case
" A33: Container ship, A31:

General cargo, All:Total ship emission including 26 ship types.
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