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Abstract

A port has been regarded as a significant contributor to air pollution in the surrounding areas. Port-related air
pollutants are released from not only marine vessels, but also various land-side sources at ports, which include cargo
handling equipment, vehicles, locomotives, and fugitive dust sources by port activities such as bulk handling and
vehicle movements. However, most studies in Korea have only focused on vessel emissions and there is a lack of
information on the emissions from other sources at port. In this study, in order to establish the port-related emission
inventory and evaluate the relative contribution of these sources to air emissions from the Port of Incheon, the
emissions from land-side sources were estimated and the CAPSS (Clean Air Policy Support System) data for vessel
emissions were used. In particular, the detailed information and activity data for the cargo handling equipment
source were collected and the emission factors and emissions by equipment types were calculated using U.S. EPA
methodologies. Total HC, CO, NO,, PM,,, and SO, emissions from port-related sources including the vessel in
2007 were calculated as 229ton/year, 638 ton/year, 4,861 ton/year, 307 ton/year, and 3,995 ton/year, respectively. It
was found that the vessel was the largest contributor to air pollutant emissions from the port, the cargo handling
equipment was responsible for about from 8% to 13% of HC, CO, and NO, emissions and the resuspended road
dust contributed about 39% for PM,, emissions. The results of this study will be used to establish the management
and reduction strategies of air pollution in the port.
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T A o] kgl uwlel st Ae] &
AelgFe] Frtsta ARt H gwte] dj3sir}l F21H
a1 glew, ofo] wh2 Fwke] vy e el w3t FQ
Ao] =7}5}3 )v}(Cho, 2010; Bailey and Solomon,
2004).

Frtel d7] el gt %?'ﬂ;'% H7ret] S1siA

AT A
H), 22, 7193 o ekt wj 2ol 3 Tmeizt
esje) o5 B MEAES F2 DAAAE A
43k3 9ol AadshE (NO), $42hE (S0,), U
AF &4 (particulate matter) 2! 3152 55 # &3}
T Qow], Pt wsAwd opet A Fa) A

ol AR e vAe Aoz 2T gl
(Song and Han, 2007; Wu et al., 2007; Bailey et al.,
2000). 2 BAY TLE AT Yebsl Ahl
e e i i e I L B B e e g
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of BT AFES Fz AL B ofFoix
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9 =AA e P2 el g Al o] FbshuA 21
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w2 ¢l (Song and Han, 2007). v =Z2] 2]l
x| e]l A xZo} A Hl== =te] LA} (Port of
Los Angeles)s} LB3} (Port of Long Beach)] 73-$-ol]
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2009; Bailey et al., 2004).
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9 7|2tz B3 AA oo w3 w7} g7
B4 wjZes A slE CAPSS (Clean Air Policy
Supporting System)el M= Alutzl A7 A2 5=
ol sl G Fgnuts g wiEHS Ak
At sle] (5387 ks, 2007), ubAalAd AA
W& Bl A A7) el A7 g3 5L FA A
2 Fpofabr)= ofelE AbEheltth whebr ubA] o
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2006) 3 S AFAIE (27T A%, 2009)F
Faste] At ol9le] Al wiFt wjEdoz

J. KOSAE Vol. 27, No. 4(2011)



C#EA AT AEs - A8Y

w2 Agsisen,
Fatelet. g o w4

“
% %zo o) 7Fot 8 % kAR
3

s?sl
R
bl
N
o

Aol A4 AslsT o
QDAL A gle] M= o] Fegdels
QT PP el (NS A8 NEFE A

F Consulting, 2006; U.S. EPA, 2004).

oft

)

o5

o,
pais
=
o

CHE emissions=Pop x Power x LF x EF x Act x CF
@
*7]A, Pop (population)t= &}74kn] <, Power
(hp)= st Am] <lzle] 44 ZE (engine average
rated horsepower), LF=
engine load factor), EF (emission factor, g/hp—hr)—‘—— all
g wjEA 4, Act (hn):= ] 7}£/\]7L}
CF= Wi&x37le A8 =&

EA3HA gl

HF AAE] & (average

sulting, 2006) 5-& Fwshe] wiEe AL G
ulsled An) 2 31FElo]o]A) M EE] = <) (rubber tire
gantry crane, RTGC), 2] %] ~#l#| (reach stacker) 5-2]
A" o] F FA4] (container handling equipment,
CtHE), k= =¥ (yard tractor, Y/T), %] 7] 2} (forklift),
F#| ¢l (crane), &%) 5 (loader), 7]157] (excavator),
A 42} (sweeper) 5 8F o7 R7Fsl9t. RTGC,
CtHE, Y/T= ZlHolv] A4 stddn]eln, 71474
2 BREE AAAL ZE9], 29495, 2427 d
Wl A st R x| 2 AME-Hoh g ghks)
ool Feo Al ZH ey =<l (C/C), YA A
=32 =49l (RMGC), 1= (U/R), 2817 2] =3 o]
W (SR) 52 A7|Aoz 9H 3 glom, &7 E
g9y, gaze], £y 52 F2 i Rz e
& HPe ERolFeddolng B dFe] wy
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2009), A+
4= z}fi 9 = J
48T, < el Tt B (R

2 dTelM s S Eutetd Al e] S5 9 83
ul= EPAS] siut g 7wl & A2 (ICF Con-  E/3 3], 2008)5 7|Eo= 3lglon, A =4}
Table 1. Characteristics of cargo handling equipments used in the port of Incheon.
Equipment RTGC CtHE Y/IT Forklift Crane Loader  Excavator Sweeper
Total count (2007) 25 307 31 56 329 57 52 9
Count 23 29 31 18 11 9 2 9
Purchase year Average 1999 2002 2004 1998 1994 1997 1995 2001
Min 1975 1995 2000 1985 1978 1988 1995 1995
Max 2006 2007 2007 2006 2007 2003 1995 2007
Count 23 26 15 18 10 9 2 9
Engine power Average 352 218 129 139 287 216 160 138
(kw) Min 131 159 129 59 92 162 99 74
Max 410 256 129 181 604 235 221 213
Average engine power (hp) 472 292 173 186 385 290 214 185
Annual Count 20 23 15 11 8 5 - 8
aperating hours Average 3971 3,112 3,000 1,512 2,269 1,872 2,4009 7809
Min 350 2,099 3,000 300 1,147 136 - 2409
(hours/year)
Max 4,800 4,210 3,000 2,476 2,928 2,880 - 1,4409

dReach stacker (R/S)=27, Empty handler (E/H)=2, Top handler (T/H)=1
YIncluded 5 pieces of harbor crane (H/C)

9Assumption value : 8 hours/day x 300 days/yr=2,400 hours/year

9Daily operation hours(average 3.25 hours) * 6 days/week * 40 weeks/year
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ARE TAZ 43 A o, dFAFR =gl A e wlEA S (EF)
2007928 7|Feg AN fAdAE ARgst o ZH=$A BAA S (transient adjustment factors:
al shabsldAlu)e] 3k W AP = 13 TAF), 93144 (deterioration factors. DF), PM2] 3}

ra
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e AAAZE 7P ke, At AR FF BAAS (S 52 H8ste] A" wiEAS

e} A
232 RT 07} 352kW= 718 23, YIT7} 120kW  (EF,) S AHE3lsic).
= e Aoz zAEsleh B AT E
= ZERle] 7P 2=l e, YITF 718 # 2ol Table 2. Emission factors for cargo handling equipment.
T8k Aoz mletEd, Fy= A} AW F CtHE _ EF.q (9/kWh)
o} YITe =& $qiguloln, e Sabgulel  BaUPment 0 T . o,
2201 } Q.
FUARNZE A AEH AL Sl RTGC 05170 29807 6.4076 0.2559 0.0154
CtHE 04176 1.0310 5.3758 0.0856 0.0131
2.1.2 SIOISIOAALH| HISH 5 AS YT 0.4789 1.8067 52288 0.2037 0.0132
QX3 shukabelain Au . o dmay v Forklift 04360 15514 50992 0.1132 0.0132
P shev] <) ° ] N E}Ei HE Crane 02264 11699 5.8297 00913 00131
AgE AbEst7] S8l vls EPAS] e (U L oader 04386 15787 51074 01313 00132
EPA, 2004)-& A g3}t 20054 o] 3] ) H]JA Excavator 0.4411 16048 51151 0.1486 0.0132
2 olEoalsle] Yat WAl u]= Tier 2 74 Sweeper 04149 10118 53666 0.0697 0.0131
8 14
mmmm Cargo handling equip. (this study) mmm Cargo handling equip. (this study)

=1 Construction equip. of CAPSS(NIER, 2007)
mmm Construction equip. (=130kW) (Lim et al., 2009)

6
44
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0 T v '

=3 Construction equip. of CAPSS(NIER, 2007)
Emm Construction equip. (=130kW) (Lim et al., 2009)
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Fig. 1. Comparison of average emission factor (EF,4) by equipments.
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ZAsiglen], =4 Hgykel 0.83gm’e 83k
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142 2009). CO, HC, NO,, PM<] uj=

I S elEegslel 43y - Al w2
S A (FRFANY, 2007) & o) 431 7, SO, vl &
& A A9 fe) o mimlA S (EEA, 2007)%
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kmihg A gstglon, 3 Fake A4, Fi L
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09 A4 B S4AG SR, 71eel A3
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= JPdsteinh =g du - A AETEE 9
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< AAFE Ffrste] A H7A
Hhekar gleh 2 ATl M A=r]xtel] Hgk &
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%. 2009)°] W& Fasielon, W= EPAS]
A el Wl EASE FEke] AT AE ME
3 Z}L (U.S. EPA, 1998)% o]-g-8t3iet. A 3ol A
Mk Q8 Fashe 71 dAks 4005 H 2 vt
© 1,500hpel| sl@ele, H 4= 105kmho)a

Mo r&l

-’é"ﬁ‘ %l 30~40kmhz £3= 3 glot oA
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Table 3. Cargo handling equipment emissions by equip-
ment type in the port of Incheon.

Table 4. Air pollutant emissions of cargo handling equip-
ment (CHE) in Korea’s ports.

2007 Emissions(ton/year)

2007 Emissions (ton/year)

Equipment Port
HC co NO, PM;, SO, HC co NO, PM,, SO,
RTGC 777 4480 9631 385 0.23 Busan 1207 5619 14869 508 36
CtHE 501 1237 6450 1.03 0.16 Incheon 292 1199 3785 104 09
YIT 2.24 846 2448 095 0.06 Y eosu/ 270 1263 262 1.5 08
Forklift 154 547 1797 040 0.05 Gwangyang
Crane 203 1049 5228 082 0.12 Ulsan 112 421 156.3 3.6 04
L oader 557 2004 6484 167 0.17 Mokpo 6.2 24.3 97.8 20 0.2
Excavator 501 1822 5809 169 0.15 Masan 6.5 24.5 95.8 19 0.2
Sweeper 027 067 354 005 001 Bya‘?]‘é?%aek/ 65 280 819 25 02
Total 29.4 1205 3820 104 0.9 Pohang 4.0 17.6 75.2 1.4 0.2
Gunsan 47 175 64.2 14 02
Donghae 25 10.3 335 09 01
Jeju 18 7.2 28.7 06 01
Total 2202 9796 28250 869 69
SO,
PMy, '
NO,
co
HC
0 20 40 60 80 100

Percentage of CHE emissions (%)

. RTGC
3 CtHE

. Y/T
1 Forklift

I Crane
[ | oader

EEE Fxcavator
3 Sweeper

Fig. 2. Percentage of cargo handling equipment emis-
sions by equipment type in the port of Incheon.

2 shepgle). Qe guksteianle] HC, CO, NO,,
PMy &3 1Al A7) Al i3t 2007
CAPSSHHgau oF 2.5~ 4.0% 4=3=o|t}.

T LPB;MVH Hﬁa%bl gr 53~58%i
M = Hl%% A8k glom, ooz <l
gFo] oF 11~13%E 2}A|3tx 9o} 314
a2 = RTGCY} o 38~51%= 714 & H|5L

st 7|37 813 ] A 27 A 45

0 20 40 60 80 100

Percentage of CHE emissions (%)
N RTGC = Y/T N Crane I Excavator
I CtHE 1 Forklift (= | oader

Fig. 3. Percentage of cargo handling equipment emis-
sions by equipment type in Korea’s ports.
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sulting Group LLC, 2009, 2008)3} ®]asle] jehd
Zolch w%2] LAG} LBES] 45 Qlalgturt 3
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Table 5. Comparison between the port of Incheon and the U.S. ports for CHE emissions.

Emissions(ton/year)
Count of CHE

HC CcO NO, PM,q SO,
Port of Incheon (2007) 292 29 121 382 10 0.9
Port of Los Angeles(2007) 2,014 81 919 1,662 46 2.0
Port of Long Beach (2007) 1,457 46 334 1,339 39 14

oGu] 47} ok 5~Tul7k wekerd, 1 FelA
YITSE A3 Sh4rt =0 s Aoleh )7 2%
A Eee QAT ws) LAGS] COE A3}
3 oF 2~an) H& SFom Au|tigel wls) Fol
7h =7 Qgkek ol el A% 2ARE, 43
2, 224 23, A48 S04 (DOC) 4% 5
o WA el W shedgule] g3 9l
el Aoz sterReh H2 Fhelw v 4
79 @ARAE S8l 94754 RTGCE 4714
(eRTGO) 0.2 Agkshe v g Adskn alo] 5
R RERES SR RS

=1 K
T

3.2 H|AFHZ|

Q.o

1_.

Adety 7]
2218} u}—_i wke 107,120%
F7A e (BT
2008). °]'& o 52%7} Zle] o]y 3hEoln, & ol
A AR JAAEAE] a2 oF 18%E AX
sk gl

Al opF g st A] wAPHR] (PMy) vl &
2 oF 10E Axz FAFHGon, Aks 1Y 8 (40.8%),
T (22.9%), S-AEk(21.2%), = (11.2%), FA 7
(3.4%), F-1&H(0.4%)°] o= Jepddl ) A
o M= 3t B o IA A wAMIAE #3}s}
7] 318 o8] WA S AT Qled, FF
olo] gt 7|2A 8 S viste] wiE APPA] bl
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Table 6. Exhaust emissions from travel vehicles in the
inner port of Incheon.

Emissions(kg/year)

HC CcO NO, PMyqg SO,
Heavy trucks 6,173 25,852 77,588 4,006 4,976
Passenger cars 280 3,292 1,611 163 1,164
Others
(light trucks) 122 833 884 94 359
Total 6,575 29,976 80,083 4,263 6,500

A QA ke dAtoz e or ARG ==
ABAFA] (PMy) 2] Wl EA14-= 14525 g/VKT o]}
on, wiEHge of 119802 FAEE. 12}
Hxls F e W "X Rsige 54 7I7Poﬂ =7
g ARpmeln, 3372 2 HrE
8 FA5 Aoz W&y A AR zr@hﬂ
Aoz Asdvh FF % §& 2T JAFY
He] =RARAbA S $8] =2A 8 A
22w wjZe 2go] neke] @7 Eh

o
__0_

=

_1

3.3 &z

2007 = olHs}l Wigke] ESxERE istEA)
7} oF 56%, &&-x17} oF 31%, 7|ekxbek (43 312}
Z)o] oF 13%2] FAH|E Ho|x g}u} ol TA=
FAT W o] Al M) wjE&Fe & 63 2on,

297 o33}t HH%ETF 7147} oF 77~
97%E A5k Qlet. vl=e] LA} LBeYe] 7%
ke EY3e dgEEAe] wiEE AP
A3 AR - R 2FF AUAY el e
=225 Yoz sla glo, tARAS 3]
s oot AL At ol # ATelME

Aok ol QAT akke Batoz xe )
e gl TR gue ZYse Hus
2o F9 U714 A A Aok I
s Rk DER LI PN I S
oz g Best Y Aoz Audd
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Table 7. 2007 total port-related emissions by source category in the port of Incheon.

Emissions(ton/year)

Source
HC Cco NO, PM o SO,
Cargo handling equipment 294 120.5 382.0 10.4 0.9
Vehicle(inner port) 6.6 30.0 80.1 43 6.5
Locomotive (port-rel ated) 27 49 46.2 12 0.03
Cargo handling 10,0
- and storage
Fugitive dust
Resuspended 1195
dust (inner port) ’
Vessel 190.0 483.0 4,352.2 162.0 3,987.5
Total 228.7 638.4 4,860.5 307.4 3,995.0
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Fig. 4. Distribution of port-related emissions by source category.
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