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A Study on Calculation of Air Pollutant Emissions from ships at Incheon
Port and the Effects of Eco-Friendly Policies

Lee, Jungwook - Lee, Hyangsook

Abstract

In the past, interest in air pollution was concentrated on greenhouse gases, but in recent years,
interest in fine dust has been increasing. The media and environmental organizations continue to
emphasize air pollution caused by fine dust. The awareness of fine dust is increasing, and air pol-
lution generated at ports is analyzed to be serious as a domestic factor excluding foreign inflows.
Recognizing this, in order to reduce air pollution generated at ports, special laws on improving air
quality, such as port areas, have been enacted in Korea, and attempts are being made to curb air
pollution caused by ports. In this law, it is a policy that regulates air pollutants generated not only
by ships but also throughout ports such as vehicles and unloading machines, and representative are
ECA, VSR, and AMP,

This study attempted to analyze the effects of these eco-friendly policies at Incheon Port, First
of all, a study was conducted to calculate emissions assuming that there was no policy, analyze
each policy, and finally calculate and compare actual emissions reflecting all policies. The method-
ology presented by the European Environmental Administration and the U.S. Environmental
Protection Agency was used, and pollutants to be analyzed were analyzed for sulfur oxides (SOx),
carbon monoxide (CO), nitrogen oxides (NOx), total floating substances (TSP), fine dust and ultra-
fine dust (PMy, PM,s) and ammonia (NHj).

As a result of the analysis, it was analyzed that the actual emission reflecting all policies was
about 4,097 tons/year, which had an emission reduction effect of about 760 tons/year compared to
about 4,857 tons/year when the policy was not reflected, When the effects of each policy were
analyzed individually, it was found that ECA 4,111 tons/year, VSR 4,854 tons/year, and AMP 4,843
tons of air pollutant emissions occurred The results of this study can be used as basic data and
evidence for policy establishment related to the atmospheric environment at Incheon Port,
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Current methodologies in preparing mobile source
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7 | 381.8 | 100% | 3186.0 | 100% | 1031.8 | 100% | 75.0 | 100% | 70.3 | 100% | 109.7 | 100% | 0.361 | 100%
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odg] 57 o) 14 3} g &=o o] %
8¥aL ik 2021 3 3 Tk 376396kWhe] Ay 5053.28), o028 HE A Aoz
E:]o] HAMP— %sﬁ )dt'—]foﬂ %—%E]‘}iﬂﬂi O]‘% E]—}&E]—
7| FdEH MEATEHRE B3
E 14, ECA Mz Z3} gtdA| ufES2H(Mut 235H)
ol Ed
= cO NOx SOx TSP(PM10) PM2.5 VOG NH;
hus - _ _ - - - -
HE=f | vE | ES| g |EF| AlE | uEF| b9E |uEF| e [ uEE] HE | iEY| vE
Auk | 267 | 7.0% | 2147 | 6.8% | 723 | 7.0% | 5.1 | 6.8% | 47 | 6.7% | 65 | 5.9% | 0.025 | 7.0%
8} | 185.2 | 48.6% | 1604.5 | 50.5% | 500.5 | 48.6% | 38.1 |51.0% | 35.6 |50.7% | 61.9 | 56.5% | 0.175 | 48.6%
Hob | 168.9 | 44.3% | 1359.1 | 42.8% | 456.4 | 44.3% | 31.6 | 42.3% | 29.8 | 42.5% | 41.1 | 37.5% | 0.160 | 44.3%
37 | 380.8 | 100% | 3178.3 | 100% | 1029.2 | 100% | 74.8 | 100% | 70.1 | 100% | 109.5 | 100% | 0.360 | 100%
E 15, ECA Mz 1} gtdA| ujES(Mut SF7H)
g B
= coO NOx SOx TSP(PM10) PM2.5 VOG NH;
e - - _ - - - -
HEF| A& |uEF| vE [EF] g S| BE | UEE| AlE | uER| vE |iEY] bE
M3 | 57.1 | 15.0% | 479.9 | 15.1% | 154.3 | 15.0% | 11.3 |15.1% | 10.6 | 15.0% | 16.7 |15.3% | 0.054 | 14.9%
A”lold | 86.8 |22.8% | 706.1 | 22.2% | 234.6 | 22.8% | 17.1 |22.8% | 159 |22.7% | 24.1 |22.0% | 0.082 | 22.8%
oA | 01 | 0.0% | 05 | 0.0% | 02 |00%]| 00 |00%]| 00 |00%]| 00 |00%]|0.000 ]| 0.0%
AubslE | 71.4 | 18.8% | 582.8 | 18.3% | 193.0 | 18.8% | 13.7 |18.3% | 13.1 | 18.7% | 20.4 |18.6% | 0.067 | 18.7%
RoRo | 49.8 |13.1% | 455.3 | 14.3% | 134.6 | 13.1% | 10.0 |13.3% | 9.3 |13.2% | 15.2 | 13.9% | 0.047 | 13.1%
WASE | 0.0 | 0.0% | 0.0 | 0.0% | 00 |0.0% | 00 |[00%]| 00 | 00%]| 00 | 0.0% |0.000 | 0.0%
24 [ 111.7 | 29.3% | 922.2 | 29.0% | 302.0 | 29.3% | 22.0 |29.4% | 20.5 |29.3% | 31.9 |29.1% | 0.106 | 29.4%
A9 | 39 | 1.0% | 31.6 | 1.0% | 105 | 1.0% | 0.8 | 1.0% | 0.7 | 1.0% | 1.1 | 1.0% | 0.004 | 1.0%
A | 380.8 | 100% | 3178.3 | 100% | 1029.2 | 100% | 74.8 | 100% | 70.1 | 100% | 109.5 | 100% | 0.360 | 100%
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5. BE A ay) uiodx] Adule] FHE AFREH £l B vijE
o] 2148802 71 He Aow L}E}kku} 430}
nE Zéiuﬁﬂ]’ﬂ' vkl A wiEEe BN 4 Alo] HjZFo] 1,680ECF HE 0|3t}
= [e)e:R=83] = o) =) -
B A0S OVIQYEAS MEE ASE ¥ ue fuo wed oo el 1212
}515104‘:} SOx(681%)7} 7V wiEAZRadr 2 Eom 7b4 we Aoz Uehton goluA
1} AT 5
Ao JERROR, ol BCAS] 9Fe] 2 2R (gorm qislmassE)] HE ol Rom ®
Z & 3t} FHE o]o] PM10(34.1E), PM2,5(32%) A ¥t}
b AR EI} 2 Aow B
E 16, ZE M HidA| sS2(MY 2EH)
) B/d
CcO NOx SOx TSP(PM10) PM2.5 VOC NH;
S
HEF | vE | lEE| vE (WS BE |uEF| bE |uEF| vE (uEE | vE | uEE| ve
Auk | 267 | 7.0% | 2147 | 6.8% | 15.4 | 4.4% | 2.2 5% | 21 | 55% | 6.5 | 5.9% | 0.025 | 7.0%
%8} | 185.0 | 48.6% | 1602.6 | 50.5% | 250.0 | 71.2% | 25.2 | 61.6% | 23.5 | 61.4% | 61.8 | 56.5% | 0.175 | 48.6%
ot | 168.9 | 44.4% | 1339.1 | 42.8% | 85.6 | 24.4% | 13.5 | 32.9% | 12.7 | 33.1% | 41.1 | 37.5% | 0.160 | 44.4%
3 | 380.6 | 100% | 3176.4 | 100% | 351.0 | 100% | 40.9 | 100% | 38.3 | 100% | 109.4 | 100% | 0.360 | 100%
E 17 RE H giFA| siEZME SRE)
Tl £
CcO NOx SOx TSP(PM10) PM2.5 VOC NH;
T2
HE=F| Bl (S| vE (HEE| bE |HEE| HE (S| e | uEE| vE (e ve
M3 | 57.1 [ 15.0% | 479.9 [15.1% | 55.7 | 15.9% | 6.4 [15.5%| 5.9 |15.5% | 16.7 |15.3% | 0.054 | 14,9%
Adloly | 86.6 | 22.7% | 704.2 | 22.2% | 659 |18.8% | 8.6 [21.0%| 8.0 |20.9% | 24.1 [22.0% | 0.082 | 22.7%
SRR 0.1 | 0.0% | 05 | 00% | 01 | 0.0%]| 00 |00%]| 00 | 00%]| 00 |0.0% |0.000 ]| 0.0%
AukslE | 714 | 18.8% | 582.8 | 18.3% | 66.3 |18.9% | 7.6 |18.5% | 7.2 |18.8% | 20.4 |18.6% | 0.067 | 18.7%
RoRO | 49.8 |13.1% | 455.3 | 14.3% | 37.1 | 10.6% | 5.0 [12.3% | 4.7 |12.3% | 15.2 |13.9% | 0.047 | 13.1%
WAsE | 00 | 0.0% | 0.0 | 0.0% | 00 |0.0%| 00 |00%]| 00 | 00%]| 00 | 0.0% |0.000 | 0.0%
24| 111.7 | 29.4% | 922.2 [ 29.0% | 121.9 | 34.7% | 12.9 |31.6% | 12.1 |31.5% | 31.9 |29.2% | 0.106 | 29.5%
M | 39 | 1.0% | 316 | 1.0% | 3.9 | 1.1% | 04 | 1.1% | 04 | 1.0% | 1.1 | 1.0% | 0.004 | 1.0%
A | 380.6 | 100% | 3176.4 | 100% | 351.0 | 100% | 40.9 | 100% | 38.3 | 100% | 109.4 | 100% | 0.360 | 100%
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Y 2 741% 2asjel 48 S,

BYES F 40078 B2 dBH wiEFgol %

B ]Aﬂh ECAZ ¢I%h HH%XV‘ =
3}3})

I+ ?M]o}ﬂ ool 7] s
% ﬁﬁ}aﬂ n|AHA] iS22 297t
A JeRger =3 A4 ol oE3kal e
VSR 2 AMPS} @] ECAE A7 Ao g T

WSt Aoz JERGTH o] MaelTte] B Ave] e 2Fgsls ZE Adke gi7|AHANA A
AI07ET SAKEH xoltt BaAMzi Nogl & BURET £Fstlcl @tk olmls g gAn
317602 71} B wEE AAse Ao »} o ECAS) 712 9Ed MEARa} 2 Fles
ERJTh (3 16 23y Auke] %Lguig_ AR A EST. & VSR Fof9} AMPO| o8& i
Aol WA Bl 2148E0 2 A% wo A 37 9% AA o] Way o= v
E 18, oME BEH 7| 2@ SR S
=@ E/d
- TSP
T cO NOx SOx D) PM2.5 VOC NH;
A wAlg A 382.0 3,187.8 1032.4 75.0 70.3 109.8 0.361
ECA AA ue] A 382.0 3,187.8 351.6 411 38.5 109.8 0.361
VSR AR "k A 381.8 3,186.0 1031.8 75.0 70.3 109.7 0.361
AMP A ule] A 380.8 3,178.3 1029.2 74.8 70.1 109.5 0.360
2E A Qi Al 380.6 3,176.4 351.0 40,9 38.3 109.4 0.360
2050 B2y FUAEE A Aol Fa ok 2 BAE AR da] 913 die] aT
FAAE Agetm, FANSNE 715Es ¢ Enh
7] g 7o el Westy] g Bl =g 7] B dTe) Ave o184 Bad FASe)
ol Jr}. ol B AAA, FHH B W V|zAw 2 IANRR A8E & S Ao @
P ool /18l Aol Bad Aol & wEth kel AFEA A o)9] 4, sl
vhx] o] )78 e e Moz 91k A9} H SollA s 7195 wiEs s
ZH|AHA] W&ol Fol E3hH o] o] 2 A of Mt o B dist ATFAER &go] s
o ul3] tls gk Folth. 53] dHF T Foln, 71Tz we} tir|edEde] A
DA G99 Z-E FogA wiEd thr]legE2o) off oJEA FAEEAE B3] ATA ol n|H]|
T QB ANE e E F glenZ of T S B4 & F g Aol



QAT At vrloded WEY A4 % AR A Gl O o 141

AnEd

SHRAATA(2013), =7F trledEd wieE A
W L

THEE A (2016), =] A Adutell &% Wr1edd
24 9 27 viEAs g wisE A
I, 2016.

oS - o]&. (2021). AT dI7|LHEEH WIEF
APg AT, A=A A, 37(1), 143-157.

2474 - HEd - o]3k&r. (2020). An Study on Estimating
Cargo Handling Equipment Emission in the
Port of Incheon. Sr=EAAAES]A], 36(3),
21-38,

ZAA - §AF - olFE. (2019). Aute] 7918 7] e
2 wWEF A dT-3ERE eAds 24
o8 F=IVRALIA, 352), 93-107.

Chang, C. C., & Wang, C. M. (2012), Evaluating the
effects of green port policy: Case study of

o o

Kaohsiung harbor in Taiwan, Transportation
Research Part D: Transport and Environment,
17(3), 185-189.

EEA, 2016. EMEP/EEA air pollutant emission inventory
guidebook 2016.

Fiadomor, R, (2009). Assessment of alternative maritime
power (cold ironing) and its impact on port
management and operations.

Kalli, J., Jalkanen, J. P., Johansson, L., & Repka, S.
(2013).  Atmospheric emissions of European
SECA shipping: long-term projections, WMU
Journal of Maritime Affairs, 12(2), 129-145,

Karl, M., Bieser, J., Geyer, B., Matthias, V., Jalkanen,
J. P., Johansson, L., & Fridell, E. (2019).
Impact of a nitrogen emission control area
(NECA) on the future air quality and nitrogen
deposition to seawater in the Baltic Sea
region., Atmospheric Chemistry and Physics,
19(3), 1721-1752,

Kim, K., Roh, G., & Chun, K. (2019). Analysis of the
Emission Benefits of Using Alternative Maritime
Power (AMP) for Ships, Journal of the Korean
Society of Marine Environment & Safety, 25(3),
381-394.3

U.S. EPA(2009). Current methodologies in Preparing
Mobile Source Port-Related Emission Inventories,

ICF International Final report to Environmental

Protection Agency.

Viana, M., Fann, N., Tobias, A., Querol, X,
Rojas-Rueda, D., Plaza, A, & Fernandez, C.
(2015). Environmental and health benefits from
designating the marmara sea and the Turkish
straits as an emission control area (ECA).
Environmental science & technology, 49(6),
3304-3313.

Zhang, Y., Fung, J. C., Chan, J. W., & Lau, A. K.
(2019). The significance of incorporating un-
identified vessels into AlS-based ship emission
inventory, Environment, 203,

102-113.

Atmospheric



sheEntAnEtE|X], MBsE M1z

UAF At d71eHE2 WS A 2
A8 AA ade digk A+

oA - oG4

HANE 7] Fell g #Ao] 2207i2d HFHe] AR, HAZ E d Alo] wAHX| ] ik
#Ao] mzEHL rt. A2 2 FATEA Folde vlAHA e o3 thr) el el AEHow Bz
3har gk, WA tidt Bzbde] EolAE hH w9 Y-S A Fu 8oz FrtelA
HAEE t7]ege] A7e Aoz BAEL gt o|& <Asta utolx dAEE Ur]ede i
717171 g8 Sl I 7] iAol B3 SEHS AAste] kA 7]dske dir]e
AE JAANTIEE AEE S k. o] YoM Autinl ol Ak, d7|Al T Fuk AA oA
HAsHE 71 9EAS Ak, duta #-gE o FE ECA, VSR, AMP7} Qlth.

2 AT JAFgS ddeR oled e AHAe gt diE] Bl 3tk $AEo
2 AHAo| ¢l& A$E 7Pt Autold TAZ 71 FEA HEHS AT T, 47 A v
3 BN3 HFHor nE Ao uigH HA wiEHe AAI Y Buste dFE FYsAn +9
FAHT FBREETNN AR HHES ol&3tgen, 2N 29EAe FHIATE
A AFBHE BFAEE(SOx), LAtEEr(CO), AAAIEE(NOy), FH-FEE(TSP), HHA] - Zn] XA
(PMyy, PM;5), YEYOHNH:)E thdoz 9t

A, BE Ao wrdd Al wlETe oF 40978/d02 AY 1] wkdAle] oF 4857F/ ol
Hla] ok 760E/de] wiEAT a9t e Zos EXEHNY 74 AP a9E MEFoR 2439
SulE ECA 4,111%/d, VSR 4,854%/'d, AMP 4,843%2] th7] 2 GE2 Hj&o] BAsle AR e
gtk B Aol Axe XY gAY ddE AAeHY xAls 2 2ARER ARRE S
Aol

Tl I, 72 FEE, W, rAEA



