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Abstract @ Emissions of pollutants from ship-based sources are controlled by the International Maritime Organization (IMO). Since pollutants
emitted from ship may be dispersed to the land, controlling emissions from ships is necessary for efficient air quality management in Incheon,
where exposure to ship-based pollution is frequent. It has been noted that the ratios of air pollutant emissions from coastal areas to inland areas
are about 14% for NOx and 10% for SOx. The air quality of coastal urban areas is influenced by the number of ships present and the dispersion
pattern of the pollutants released depending on the local circulation system. In this study, the dispersion of pollutants from ship-based sources was
analyzed using the numerical California Puff Model (CALPUFF) based on a meteorological field established using the Weather Research and
Forecasting Model (WRF). Air pollutant dispersion modeling around coastal urban regions such as Incheon should consider point and line sources
emitted from both anchored and running ships, respectively. The total average NOx emissions from 82-84 ships were 6.2 g/s and 6.8 g/s, entering
and leaving, respectively. The total average SOx emissions from 82-84 ships, entering and leaving, were 3.6 g/s and 5.1 g/s, respectively. The total
average emissions for NOx and SOx from anchored ships were 0.77 g/s and 1.93 g/s, respectively. Due to the influence of breezes from over land,
the transport of pollutants from Incheon Port to inland areas was suppressed, and the concentration of NOx and SOx inland were temporarily
reduced. NOx and SOx were diffused inland by the sea breeze, and the concentration of NOx and SOx gradually increased inland. The
concentration of pollutants in the area adjacent to Incheon Port was more influenced by anchored ship in the port than sea breezes. We expect

this study to be useful for setting emission standards and devising air quality policies in coastal urban regions.
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Fig. 1. AWS sites (triangles) and air quality observation sites

(squares).
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Table 1. Summary of the CALPUFF model configuration
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Table 3. Mean engine power according to type of ship

Mean power (ps)

Ship type arrival depature anchoring
main diesel auxiliary diesel main diesel auxiliary diesel . . .
. . ) . auxiliary diesel engine
engine engine engine engine

Tug 2,627 394 2,746 412 -
Etc. 2,523 325 2,741 334 -
Dry cargo ship 7,165 680 3,539 343 182
Tanker 5,818 578 5,954 695 254
General cargo ship 3,661 695 3,358 332 140
Container ship 10,862 696 10,964 952 523
RORO ship 20,995 2,039 20,995 2,039 591

Table 4. Empirical Formulae of NOx and SOx emission (MESJ, 1995)

Empirical Formulae

Parameter
NOx (N) SOx (S)
main diesel engine N = 149 x P"* x 107 x (46/22.4) S=W xsx 00l x2
Um(tkgnfll_?;l"“ auxiliary diesel engine N = 1.49 x P x 103 x (46/22.4) S=Wxsx00l x2
boiler N=W xn S=W xs x 001 x (224/32) x (64/22.4)
. . . - _ 0.95
Fuel main diesel engine W =021 x P
consumption auxiliary diesel engine - W =021 x p**®
-1

(W, kg b) boiler W = 7348 x B* W = 7348 x B%

Boiler capacity B = 0.0267 x X°% x 2 B = 0.0267 x X*® x 2

B, T h')

P : rated generation power (ps unit), X : amount of cargo, n : NOx emission factor (n=0.008), s : sulfur content in fuel (W/t %)

Table 5. Mean emission of NOx and SOx from ship sources during the entry and the departure

arrival depature
Ship source NOxX unit emission SOx unit emission NOXx unit emission SOx unit emission
(the number of ship (gs) (gs) (&s) (gs)
arrival/departure) Main Aux. Main  Aux. Main  Aux. Main  Aux.
diesel diesel Boiler diesel diesel Boiler diesel diesel Boiler diesel diesel Boiler
engine  engine engine  engine engine  engine engine  engine
Tug (23/23) 5.3 0.6 0.1 33 0.5 0.7 5.6 0.6 0.1 35 0.6 0.7
Etc. (6/5) 32 0.4 0.2 2.2 0.3 0.8 3.6 04 0.1 2.4 0.3 0.7
Dry cargo ship (2/7) 7.5 1.8 0.3 4.5 1.3 1.5 34 0.8 0.2 23 0.7 1.2
Tanker (15/12) 6.9 1.2 0.2 3.6 0.8 1.1 7.1 1.5 0.2 3.7 1.0 1.1
General cargo ship 5 ¢ 10 02 24 0.8 1.2 33 0.4 0.2 2.2 0.4 1.2
(25/29) . . . . . . . . . . . .
Container ship (8/5) 10.5 1.2 0.3 5.8 0.9 1.5 10.6 1.7 0.3 5.9 1.3 1.5
RORO ship (3/3) 25.6 34 0.3 12.4 23 1.7 25.6 34 0.3 12.4 2.3 1.7
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Table 6. Mean emission of NOx and SOx from anchoring ship

sourcce
NOx unit emission SOx unit emission
Ship source (g/s) (g/s)
(the number of Aux. Aux.
anchoring ship) diesel ~ Boiler  diesel ~ Boiler
engine engine
Tanker (8) 0.33 028 0.32 1.41
Dry cargo ship (3) 0.23 0.30 0.24 1.53
General cargo ship (15)  0.17 0.27 0.22 1.38
Container ship (5) 0.75 0.31 0.65 1.52
RORO ship (4) 0.87 0.33 0.74 1.68
(a) Wind direction
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Fig. 2. Variation of the wind direction and the wind speed at

four sites near the Incheon port.
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