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Abstract In Korea, seaports are located alongside the coastal lines, as the peninsula is mostly surrounded by water along

three seas geographically. Majority of ships coming in and out of its course with diverse purposes are ocean-going air
pollutants to coastal environment. This study estimated air pollutant emissions from ships in each port and its course, and
analyzed their contributions considering domestic status in 2015 with the use of specifications of passenger ships, cargo ships,
and fishing vessels. Emissions from ships were estimated to be 54,365 ton/yr for CO, 151,693 ton/yr for NO,, 38,467 ton/yr
for SO,, 6,931 ton/yr for PM-10, 6,378 ton/yr for PM-2.5 and 18,003 ton/yr for VOC. Fishing vessels are attributable to 84% of
total CO emission and 82.1% of total VOC emission, while cargo ships represent higher contributions on NO, (56.5%), SO,
(95.4%), PM-10 (70.8%) and PM-2.5 (69.7%). On the other hand, passenger ships have a relatively low contributions to
emissions by pollutants compared to other ships. When it comes to coastal environment, CO, NO,, and VOC are analyzed to
represent the highest contributions, whereas SO, and PM-10, PM-2.5 have shown higher contributions in coastal cities. In
coastal cities, SO, emissions are 7,487 ton/yr in Busan, 6,172 ton/yr in Jeonnam, and 3,468 ton/yr in Ulsan and each accounts
for 26.5%, 21.8%, and 12.3% of total emission demonstrating higher contributions in that order. The expected outcomes of
this study will provide guidance for establishing measures to reduce air pollution by ships and will analyze its effect.
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Table 1. Emission factors for ship emissions. (Unit: kg/ton fuel)

Fuel type co NO, SO, PM-10 PM-2.5 vOC
Gasoline 573.9 9.4 20S* 9.5 9.5 181.5
MDO/MGO 74 78.5 20S* 15 1.4 2.8
BFO 7.4 79.3 20S* 6.2 5.6 2.7

*S: Sulfur content in fuel (%)

Table 2. Sulfur content by fuel types. 2] 3867l AR E AEZ5l0] SFAHEHE EAFH L
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Table 3. Fuel efficiency of ship gross tonnage. =<AEH (kW)

Gross tonnage Fuel efficiency (km/L) x A ZE o djst ?ﬂiﬁ‘_‘jllﬂﬁk—(g/kWh)
<100 0.157 X 2% A7 FSkE (%) X A7t (hr)
100~1,000 0.157
1,000~10,000 0.065 Bq. 40 met Algzelq dAEea} A5dn
10,000~20,000 0.026 - = _ =
20,000~50,000 0.026 £ ZIsk, & 59] IMO (2009)°f AAE F <171 €]
Above 50,000 0.012 A2 AH] A4 (SFOC, Specific Fuel Oil Consumption)

Table 4. Fuel consumption coefficient of ship gross tonnage.

Fuel consumption coefficient Fuel consumption coefficient

Gross tonnage Gross tonnage

(ton/day) (ton/day)
<100 16.363 15,000~20,000 33.763
100~500 16.563 20,000~25,000 38.763
500~1,000 17.013 25,000~30,000 43.763
1,000~3,000 18.263 30,000~50,000 56.263
3,000~5,000 20.263 50,000~60,000 71.263
5,000~7,000 22.263 60,000~75,000 83.763
7,000~10,000 24.763 75,000~100,000 103.763
10,000~15,000 28.763 Above 100,000 116.263
Table 5. Specific fuel oil consumption of main engine using the inventory model. (Unit: g/kW - h)
Engine age > 15,000 kw 15,000~5,000 kw <5,000 kw
<1983 205 215 225
1984~-2000 185 195 205
2001~2007 175 185 195
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Table 6. PORT-MIS data analysis of 2013 to 2015.

Year Total data Port-to-Port Uncertain

2013 111,209 (100%)
2014 111,814 (100%)
2015 113,568 (100%)

50,356 (45%)
48,721 (44%)
53,377 (47%)

60,844 (55%)
63,093 (56%)
60,191 (53%)

%E 7ot R E
F= JHI} glo] o)A

& AA5t] Sls =W d12
TF(NIER, 2015)9] o3P YHHE S-8ato] o
348711 0] B &S 4F

o
_91!4
2 o
_u

3. Y HiEF ¥ 710k 24 2

T

20159 7]E A4, 2kEA, oj o] oieh viEE
AF A3} CO 54,366 ton/yr, NO, 151,693 ton/yr, SOy
38,467 ton/yr, PM-10 6,931 ton/yr, PM-2.5 6,378 ton/
yr, VOC 18,002 ton/yr= EA =]} (E 8). CO%t
VOC Hi&&2 o] doll A 2+t 45,641 ton/yr (84.0%),
14,773 ton/yr (82.1%), NO,, SO,, PM-10, PM-2.5 Hj &
2 sHEAo A 22t 85,768 ton/yr (56.5%), 36,699

Table 7. Operating hours by course/gross tonnage of cargo ships.

Operating hours (hr)

Gross tonnage
Busan-Ulsan Gwangyang-Donghae Ulsan-Pohang Incheon-Pyeongtaek Daesan-Yeosu

<100 4.45 - 5.35 4.49 -
100~500 3.54 19.79 6.41 4.47 19.79
500~1,000 3.46 - 5.33 4.39 3717
1,000~3,000 344 28.44 6.46 2.28 34.49
3,000~5,000 4.63 25.51 5.59 7.36 31.33
5,000~7,000 3.28 2437 6.37 5.35 25.00
7,000~10,000 4.50 25.48 - - 24.83
10,000~15,000 - - - - -
15,000~20,000 - 21.52 - - -
20,000~25,000 - 22.24 - - -
25,000~30,000 - 20.40 - - -
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Fig. 1. Distribution of the ship emissions by ship types.
Table 8. 2015 emissions according to ship types. (Unit: ton/yr)
Sources co NO, SO, PM-10 PM-2.5 VOC
Passenger ships 692 7,361 1,249 255 233 259
Cargo ships 8,033 85,768 36,699 4,904 4,447 2,970
Fishing vessels 45,641 58,564 519 1,772 1,698 14,773
Total 54,366 151,693 38,467 6,931 6,378 18,002
Table 9. 2015 emissions according to port and marine of ships. (Unit: ton/yr)
Port/Marine co NO, SO, PM-10 PM-2.5 VOC
Gangwon 257 2,130 857 118 107 92
Gyeonggi 547 5,442 2,322 311 282 200
Gyeongnam 835 6,052 2,239 319 290 295
Gyeongbuk 241 2,529 926 130 118 89
Busan 1,790 17,994 7,487 1,011 917 657
Ulsan 781 8,147 3,468 464 421 288
Incheon 409 3,868 1,584 215 196 149
Jeonnam 2,289 15,219 6,172 854 776 801
Jeonbuk 406 1,265 498 73 67 135
Jeju 157 1,579 580 82 75 58
Chungnam 804 5,252 2,161 298 270 281
Port total 8,516 69,479 28,293 3,875 3,519 3,044
Marine 45,850 82,214 10,174 3,056 2,859 14,958
Total 54,366 151,693 38,467 6,931 6,378 18,002

ton/yr (95.4%), 4,904 ton/yr (70.8%), 4,447 ton/yr
(69.7%)2 ZHAISHAL Sl A 02 YEhdth (1™ 1).
B 9oflA= Rt HiETFS AR TR, &

FiEE2 AA 9l vivtz 2Rkt e
% HlEF2 CO 8,516 ton/yr, NO; 69,479 ton/yr, SO,

28,293 ton/yr, PM-10 3,875 ton/yr, PM-2.5 3,519 ton/

of
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Fig. 2. 2015 emissions according to port (coastal city) of ships.
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Table 10. Comparison of 2015 national non-road emissions of this study.

(Unit: ton/yr)

Sources co NO, SO, PM-10 PM-2.5 VOC
Construction machineries 57,540 121,686 53 6,354 5,846 15,613
Agricultural machineries 7,097 16,209 4 1,348 1,240 1,933
Railroads 2,734 6,688 171 433 399 1,095
Aircrafts 7,838 8,058 729 920 83 700
Non-road total 75,210 152,641 957 8,225 7,567 19,341

(58.0%) (50.2%) (2.4%) (54.3%) (54.3%) (51.8%)
This study (ships) 54,366 151,693 38,467 6,931 6,378 18,002
y(ship (42.0%) (49.8%) (97.6%) (45.7%) (45.7%) (48.2%)
Total 129,576 304,334 39,424 15,156 13,945 37,343
(100%) (100%) (100%) (100%) (100%) (100%)
Table 11. Emissions of NO, for passenger ships by major course (passenger harbor).
Port NO, emissions (ton/yr) Marine NO, emissions (ton/yr)
Start point Mid point End point Ocean-going
Mokpo 18 Jeju 18 Mokpo-Jeju 1,002
Jeju 25 Wando 25 Jeju-Wando 565
Incheon 10 Socheong 25 Baengnyeongdo 10 Incheon-Socheong 459
Daecheong 2.5 Socheong-Daecheong 17
(5) Daecheong-Baengnyeongdo 37
(513)
Pohang 1" Ulleung 1 Pohang-Ulleung 422
Mokpo 0.2 Docho 2 Hongdo 2 Mokpo-Docho 0.1
Heuksan 2 Docho-Heuksan 94
Bigeum 8 Bigeum-Docho 1
Damul 2 Heuksan-Hongdo 48
Manjae 2 Hongdo-Damul 47
Sangjoongtae 2 Damul- Sangjoongtae 73
Hatae 2 Sangjoongtae-Hatae 9
Gageodo 8 Hatae-Manjae 50
(28) Manjae-Gageodo 67
(389)
():Sum
4, XMyt =9 g=F3} 7]0]S and Hay (2007)°] T2 oA @5} <4 2 A
B2 918 27] AAA AR7t aeEcks B3
4.1 oM phE =2 9l
o2 NO, 715 Tt 8lE=F 603 ton/yr (8.2%), A A E NO, BlEH-2 A 313 ton/yr, Al

Hitt v E 2 6,758 ton/yr (91.8%) 2 >l A HiE 7]
A7t AjH o g =2 A o2 Yepylth £39], §#

£ vi&TFo] 1,860 ton/yr (27.5%), 78-F 4,898 ton/yr
(72.5%) 2 A = o] 23} A] A== ohFe] A/t
Hith Wi EaFo] ¢S & 202 TWdH) Becken

=9
82 ton/yr, R1% 64 ton/yr <=0, A £+ /41¢H o
F/EIE AT AAE, JIH S 5 F8 424l <
At Ao HlEE = Aoz UEstt o4 29
F= 3867 T FEZ-AFY 1,002 ton/yr (13.6%),
A5 565 ton/yr (7.7%), VALY T 513
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Table 12. Emissions according to port and marine of cargo ships. (Unit: ton/yr)
Sources co NO, SO, PM-10 PM-2.5 VOC
Port 6,176 65,949 28,219 3,771 3,419 2,284
Marine 1,857 19,819 8,480 1,133 1,028 686
Total 8,033 85,768 36,699 4,904 4,447 2,970
Table 13. Port emissions of SO, for major coastal city by cargo ships gross tonnage.
Busan SO, (ton/yr) Jeonnam SO, (ton/yr) Ulsan SO, (ton/yr)
Coastal ship 1,839 Coastal ship 2,433 Coastal ship 1,274
100~500 714 100~500 826 100~500 425
<100 440 1,000~3,000 417 500~1,000 335
500~1,000 344 <100 415 1,000~3,000 257
1,000~3,000 185 500~1,000 364 <100 145
3,000~5,000 77 3,000~5,000 188 5,000~7,000 54
Other 79 Other 222 Other 57
Overseas ship 5,644 Overseas ship 3,709 Overseas ship 2,193
75,000~100,000 709 30,000~50,000 624 30,000~50,000 253
>100,000 675 60,000~75,000 427 1,000~3,000 251
7,000~10,000 670 >100,000 404 7,000~10,000 232
30,000~50,000 570 75,000~100,000 361 3,000~5,000 227
60,000~75,000 467 1,000~3,000 350 25,000~30,000 184
Other 2,553 Other 1,544 Other 1,048
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14-6"0), S4F-E43) 3,467 ton/yr
A5 ATHE 14).
% WiEHS 8,480 ton/yrO 2 L}

o epith(E 15)

4.3 oM &S
042 Co 71% Tt HIETF 2,282 ton/yr (5.0%),
HhC BiESF 43,359 ton/yr (95.0%) 2 HAE] ]t

EfEiTh o] & %ljsﬂs A 4,725 ton/yr (55.7%), A5 Al viEFlA AR ARl wE HiEEol 40,182
A Z=4441 3,128to n/yr(36 9%), AU L AR ton/yrZ 88.0%S AHA|SIRATE AA] AT AH|FRS 3§
T35, Al JE SA 5 718k SFEA0H0] 627 tonfyr RHTETE BRIt of 898 oLt o9 e A

(7.4%)E AHA] }Oﬂ‘?} E%‘%‘i—‘;— duretEA F
3,000E~5,00055 2,242 ton/yr (47.4%), 5,000~
7,000 32 1,374 ton/yr (29.1%) 2 }A|5+0.0H, A
FAETEAAAE 1,0005~3,0005F4 1,161
ton/yr (37.1%), 500=~1,000EF 4 798 ton/yr
(25.5%)°] 7]of&2 LERiTh

At viEA IS Aol & QIR A0 2 AR FHTh
A= CO &2 X' 915 ton/yr (40.1%), 73S
341 ton/yr (14.9%), S5 330 ton/yr (14.4%) $=0]™,
A Se/a1g/olS, A AU DAA, S A
z4/El1°HEE§ T8 ool FAH T HiE
A E ATt (E 16). EQF oA 34871 &

A 3887 2 o= & Pt Beigs01 A _/; 18 84 ton/yr, SAL-CFAE 47 ton/yr,
ton/yr, YZIF-AF3 361 ton/yr, EAFF-A 356 A FE-FHED 44 ton/yr, A -2 2
ton/yr, BUTF-S NG 343 ton/yr, BEG-AFT 321 43 tonjyr, A PE-RL2 41 ton/yr <02 WjE
ton/yr <=0 & 3 FRoA ] vt vjEge] A 7]ol=rt vehglth

Table 14. Port emissions of SO, for major trade port by cargo ships.

Rank Port Trade port SO, (ton/yr) Ratio (%)
1 Busan Busan 7,483 26.5
2 Jeonnam Gwangyang 4,129 14.6
3 Ulsan Ulsan 3,467 123
4 Incheon Incheon 1,542 5.5
5 Gyeonggi Pyeongtaek 1,069 3.8
6 Chungnam Daesan 1,063 3.8
7 Jeonnam Mokpo 944 33
8 Gyeongnam Masan 935 33
9 Jeonnam Yeosu 923 33
10 Gyeongbuk Pohang 922 33
Other 5741 20.3
Total 28,219 100
Table 15. Marine emissions of SO, for cargo ships by major course (ocean-going) of trade port.
Rank Trade port SO, (ton/yr) Rank Trade port SO, (ton/yr)
1 Gwangyang-Pyeongtaek 501 6 Busan-Jeju 255
2 Incheon-Jeju 361 7 Yeosu-Incheon 227
3 Ulsan-Incheon 356 8 Busan-Ulsan 204
4 Gwangyang-Donghae 343 9 Yeocheon-Incheon 203
5 Mokpo-Jeju 321 10 Donghae-Incheon 202
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Table 16. Port emissions of CO for major fishery by fishing vessels.

Jeonnam Gyeongnam Chungnam

Fishery CO(ton/yr)  Ratio (%) Fishery CO(ton/yr)  Ratio (%) Fishery CO(ton/yr)  Ratio (%)
Tommeori 44 4.8 Suchi 84 246 Dasa 37 1.3
Doripo 43 4.7 Okgye 19 57 Songsuk 37 1.3
Bo-ok 41 44 Wonjeon 18 54 Wolhaseong 31 9.5
Dojang 36 3.9 Gwangam 15 44 Hongwon 31 9.5
Sadong 36 39 Yepo 12 3.6 Nanjido 15 4.6
Dongo 36 39 Neukdo 1 33 Jango 15 4.6
Sepo 23 2.6 Shinsoo 1 33 Kanwoldo 10 3.1
Dongcheon 22 24 Joongpyeong 1 31 Bangpo 10 31
Imok 22 24 Noryang 1 31 Baeksajang 10 31
Sumoon 17 1.9 Nakjipo 6 1.9 Yeongmok 10 31
Sub-total 321 35.0 Sub-total 199 58.4 Sub-total 209 63.3
Other Other Other
91 fishery 594 650 58 fishery 142 416 28 fishery 121 367

Total 915 100 Total 341 100 Total 330 100

A

ojAREol Ao Frot X
)7 oY AR uy
gola, Adt =Y+ F
L2 oF 94%E ZA|5HL 9o

(Choi et al., 2014; Kim et al., 2014), ThFgt ALzt

7} 7EHcka o

oAt AW Aoz F
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RUNS Wi |

Hep ti7]ed=4 wiE7]
.

4el5ieh 5

HEO‘G

£ sk, S2AL N

A

Mo 0_9{
r

A A}, co,
} =2 ¥, SO,

-2 CO 84%, VOC 82.1%
NO, 56.5%, SO, 95.4%, PM-10

70.8%, PM-2.5 69.7% 2] -2 H|- &2 LFEFSITE.

(2) 2015 =71 7| QFEA H| 2 BRA A E
A HiEo] AFAoh= HlE-2 SO, 97.6%, 1 & &
2L 42~49.8% % EFGTE Tt A7 A vl &=kt
3]_ Lz O Eo]_l_ 01 _Q_HHZQ,M%Q-O <}

] = - =
% 9lth.

(3) A4 NO, 7]% vit} Hj& o] 91.8%E 7}
2|5t 0m, &8 A] AFRE= -G Algo] BjE ek
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710]5t Ao 2 werEh o] HA 3t 3867H = %ﬂt
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