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Estimation of Ship Emissions and Environmental Costs
¢ focusing on Port of Busan

Min-woo Lee - Hyang-sook Lee
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Port of Busan is Korea’s largest trading port processing over 18,000 TEU a vyear. This rapid
growth causes air pollution problems in Busan, Ship emissions are significant air pollution sources
and port area is relatively close to the business district, therefore it may have serious effects to the
health of local people and environment. In this study, ship emissions are estimated, especially on
hotelling large vessels. As a result, Port of Busan has 50,086, 48,842 ship calls and 2,343,037 and
2,297,118 tons of ship emissions in 2011 and 2012 respectively. Also, the environmental cost in
Port of Busan is approximately 1.2 trillion won per year. This study emphasizes the necessity of
ship emissions regulation, hence, it is expected to make a significant contribution in setting up
ship emission management system,
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Ciassification of Ship Enfening into Port of Busan

A 4

Total Spending Time at Hoteling Moda(h)

W

Power Quiput of Auxiliary Engins(Kw)

|¢

Load Factor of Auxiliary Engine

|¢

Emission Factor of Auxiliary Engine in Hoteling Mode(g/kWh)

‘t

Total Ship Emission per Pollutant per Vessel Typs(ton/ysar)

Annual Ship Environmental Cost for Port of Busan(W/ysar)
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dad | ZEelda AN | dutsEAd | B9 ROROA! 2| WAsEA oA
1,776 6,800 11,000 1,776 1,680 2,850 1,985 3,900 55
Z}E: U.S. Environmental Protection Agency(2009)
E 4, MZ=YH EZXAIFIO| Load factor
=i [Adondd [ ol [usted [ g9 | ROROM | fed | WEsEM | o
0.22 0.17 0.64 0.22 0.22 0.30 0.67 0.34 0.27
Z}F: U.S. Environmental Protection Agency(2009), J. Berechman et al.(2012), L. Browning(2006)
I 5. HiZ|7IA EZQIEIO| Emission Factor(g/kWh)
NOx CO CcO2 PM SO2 HC VOC
10.8 1.1 745 2.4 12,7 1.5 0.4
Z}5: Joseph Berechman et al.(2012), Deniz et al.(2010), ENTEC(2010)
I 6. YT RERRI(w/kg)
NOx CO CcO2 PM SO2 HC VOC
10,196 8,475 79 33,289 11,452 9,849 9,849
Zg: o]zl 2](2013), Korea Environment Institute(2002), IPCC(1995)
dHes Ee EAE 2L Adeludeld 4 B, AxusE Bl HE ool ke AEAE 2
HHoR v TtFAE 2 AS & o = A2 & F JHh EFY @9 g/kWhe AR
T Avte] FRUE 54 vl l:roﬂ At A
A= Fete] AR ofulgitt. KMIo] X %"% olFA =3 Ztzte] wiERE Mo R
AR O8N R0UY ATHE QED 2 Bl TRRAIADIETES 9P

EF: 77}1] wj 717k B ZAZle]  Emission

FactorZ 2n|3tt}t, (& 5)olA & F Axo] A
fHog AFadstd 7P & TS vt
G oluszl 1w AFA} olE
A% o & qor, Al WA Fad
e AAsel T4 deE weHe Bt

l i‘ﬂl}%ﬂﬂ
29 At H

(DY (R 8y
2012d%0 Zbzh HAb



X7, 2011 BAkeko| o7t

Adub w77k e 9 @318 el ad

U717t viER

9 EHISEM)

NOx co co2 PM SO2 HC VOC
EEL] 191.62 19.52 13,218.23 42,58 225,33 26.61 7.10
e ol 3,617.97 368.50 | 249,572.94 803.99 4,254 46 502.50 134,00
A4 d 5,594.21 569.78 | 385,896.65 1,243.16 6,578.37 776.97 207.19
drkstEA 1,350.88 137.59 93,185.78 300.20 1,588.54 187.62 50.03
e 4,417.77 449.96 | 304,744.17 981.73 5,194.97 613.58 163.62
ROROX 221.87 22.60 15,305.24 49.31 260,91 30.82 8.22
frz 11,639.14 1,185.47 | 802,885.30 2586.48 13,686.77 1,616.55 431,08
WEstEA 4,084.68 416,03 | 281,767.20 907.71 4,803.28 567.32 151,28
o] 79.98 8.15 5,517.32 17.77 94.05 11.11 2.96
HM.ﬂi 31,198.12 3,177.59 | 2,152,092.83 6,932.92 36,686.68 4,333.07 1,155.49
Rl
&n)g -
(1000%) 318,096,075 | 26,930,048 | 170,015,333 | 230,789,857 | 420,135895 | 42,676,434 | 11,380,382
i 8 2012dAE SMEIO| 47t HiT |7t BiER W EAH|IE(E/A)
NOx co co2 PM SO2 HC VOC
EEZ 159.87 16.28 11,028.39 35.53 188.00 22.20 5.92
EEICIEE] 3,616.52 368.35 | 249,473.04 803.67 4,252.76 502.29 133.95
oA 4417.99 449.98 | 304,759.59 981.78 5,195.23 613,61 163.63
AvkslEAl 1,334.32 135.90 92,043.56 296.52 1,569.06 185.32 49.42
g 4,221.95 430,01 | 291,236.51 938,21 4,964.70 586.38 156.37
ROROA] 103.21 10.51 7,119.47 22.94 121.37 14.33 3.82
Rl 12,872.46 1,311.08 887,961.43 2,860.55 15,137.06 1,787.84 476.76
WEslEd 4,035.66 411,04 | 278,385.72 896.81 4,745.64 560.51 149,47
oA 91.37 9.31 6,302.54 20.30 107,44 12.69 3.38
HH7]_7}i 30,853.36 3,142.47 | 2,128,310.24 6,856.30 36,281.26 4,285.19 1,142.72
v &
&ng
(1000%) 314,580,824 | 26,632,446 | 168,136,500 | 228239419 | 415493011 | 42,204,821 11,254,619
T E ko] wir7ks 9 SN 8-S ERiAT E, 1L,156E0Iqet, w77k wiEEs AvRW
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I 9 MA F2 FTHEAISS| HiY(TIA HiERE HIW(E/H)
AS(=7H o fﬁ?A NOx | SO2 HC PM co co2 A5
RS
Busan(Korea) 48,842 30,853| 36,281| 47285 6856 3,143 2,128,310
Aberdeen(UK) 376 52 14 77 36,720 Marr et al.(2007)
iﬁ?ﬁj‘fi; 743 162 13 Saxe et al,(2004)
ENVIRON
Oakland(US) 1916 2484 1,413 219.5 International Corporation(2013)
Los Angeles(US) 19,245 4,791 999 3,967 Port of Los Angeles(2005)
Izmir(Turkey) 2,806 1,923 1,405 74 165 84,753 H. Saragoglu et al.(2013)
Izmit(Turkey) 11,645 5,356 4,305 232 487 254,261 A. Kili¢ et al.(2010)
Ambarli(Turkey) 5,432 845 242 504 36 78,590 C. Deniz et al.(2010)
Candarli(Turkey) 7,520 632 574 32 57 33,848 C. Deniz et al.(2010)
Kaohsiung(Taiwan) 16,042 501 589 70 122 51 34,531| J. Berechman et al (2012)
Shanghai(China) 58,160 51,180| 4,560 6,960 3,012,780| D. Q. Yang et al (2007)
Piracus(Greece) 1,790 722 99 E. Tzannatos(2010)
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