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Abstract

The Ministry of Environment will enforce air quality standards for PM, 5 in 2015 because it affects human health
aswell as climate change and brings about other adverse effects. Until recently, even though a number of researches
have reported PM, s emissions according to sources, they have not precisely considered the emission factors corre-
spondent to each source for emission estimation. For the sake of establishing PM,, 5 emission inventories, this study
was undertaken using activity data of each source taken from CAPSS(Clean Air Policy Support System) multiplied
by each emission factor of U.S. EPA Speciate or EEA CORINAIR.

The 2008’ s total annual PM, 5 emission (73.971 ton/yr) can be apportioned into five sources, such as fuel combustion
facilities (62.2%), mobiles (33.8%), production processes (3.2%), fires (0.4%), and waste treatments (0.3%). The
results show that fuel combustion facilities and mobiles are the predominant sources of PM, 5, and they should be
taken into great account in establishing PM, 5 standards. In addition, it is necessary and urgent to develop effective
measures for reduction of PM, s emissions from those two main sources as well.

Key words: PM, s, PM, 5 emission inventory, CAPSS
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Fig. 1. Flow diagram outline for estimating air pollutants emission of CAPSS.
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Table 1. Source categories for the PM, ; emission in CAPSS.

Sources Sectors Sub-sectors SCC code

Fuel combustion Combustion in Public power plants 01010000
facilities energy industries District heating production plants 01020000
Petroleum refineries 01030000

Private power plants 01050000

Non-industrial combustion Commercia and institutiona plants 02010000

Residentia plants 02020000

Plantsin agriculture, forestry and aguaculture 02030000

Combustion in Combustion plants 03010000

manufacturing industries Processes with or without contact 03020000

Others 03030000

Production progresses Petroleum industries - 04010000
Iron and steel industries Coke oven (door leakage and extinction) 04020100

Blast furnace charging 04020200

Pig iron tapping 04020300

Basic oxygen furnace plant 04020500

Electric furnace plant 04020600

Sinter plants(except combustion) 04020800

Inorganic chemicals Ammonium sulphate 04040400

industries Ammonium nitrate 04040500

Urea 04040800

Carbon black 04040900

Phosphate fertilizers 04041400

Others Glasses 04990300

Limes 04990400

Mobiles On-road vehicles Passenger cars 07010000
Light-duty vehicles 07030000

Buses 07040000

Heavy-duty vehicles 07050000

Specia motor vehicles 07060000

Recreational vehicles 07070000

Non-road vehicles Railroads 08020000

Ships 08030000

Aircrafts 08040000

Agricultura 08050000

Construction machineries 08060000

Waste treatments Waste incineration Municipal waste incinerators 09010100
Industrial waste incinerators(except flaring) 09010200

Other sources Fires Forest fires 11020100
Other fires(except forest fires) 11020200
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Table 2. Equations for calculating emissions of the PM, 5 based on the emission sources.

Fuel combustion facilities
E=2" (Eij . FUjf) (1_ij)

j=thefuel (ail, coa and LPG)
f=the facility
EF;=emission factors by the facility using the oil, coal and LPG (kg ki, kg ton™*, kg km™3)
FU;s=annual amounts of fuel consumption by the oil, coal and LPG at facility
(klyr, tonyr, km® yr'%)
Rjr=control efficiency of the facility using the ail, coal and LPG

Production processes
E=)_ (EFy - PRy)

p=the product

f=the facility

EFy=emission factors by products to produce at facility (kg kI, kg ton™)

PRys=annual amounts of fuel consumption by products to produce at facility (kl yr' tonyr?)

On-road vehicles
Hot engine
E=>" (EFy * TV, - NV,)

Cold start
E=3" (EFcoIdv STV, - NVV) : Bv

EFcoiav=EFhaw * (eool 9 ehotv - l)
B,=(0.647-0.025 - I;) - T,

v=the vehicle class

EF,.n=hot engine emission factors by vehicle class and fuel type (kg km™ vehicle ™)
TV, =the vehicle kilometers traveled by vehicle classin the target area(km yr ™)

NV, =the number of the total vehicle registered in the target area(vehicle yr™t)

EF4q=cold start emission factors by vehicle class and fuel type (kg km™* vehicle ™)

B,=fraction of kilometer driven with cold engines or catalyst operated below the light-off
temperature for vehicle class

eld/eht =cold to hot emission ratio of the benzene

luip=the average trip length, |4, of Korean valueis 12.35km

T,=the monthly ambient temperature (°C)

Non-road vehicles
Railroads
E=)_ (EF, - FC)

Ships

E=EF, - Y_ (FChs+FCmy)
FCh=EC - LD - (NS/2)
FCms=[>_ (NS - DS)/FE]

Aircrafts
E=> (EF,- LTO)

Agricultural &
Construction machineries
E=> (EF, - NE-PM,) - LF

r=the track of the railroad

EF,=emission factors by the railroad track (kg kl %)

FC,=the fuel consumption within the block of the railroad track (kI yr™%)
s=the ship

EF,=emission factors by ships(kg kI %)

FCh,=the fuel consumption by anchoring the ship (kl yr™%)

FCm,=the fuel consumption by approaching the ship (kI yr-%)

EC=annual amounts of fuel consumption from ships (kI day ™)

LD=alay day of the ship in port, Koreavalueis 0.79 day ship™*

NS=the number of the ship to putting in port and out to sea(ship yr %)
DS=the distance being on voyage within the territorial waters of Korea(km)
FE=the fuel economy of the ship (km kl™%)

a=the aircraft

EF,=emission factors by the aircraft (kg LTO™?)

L TO=landing-takeoff cycles by aircraft types(LTO yr ')

m=the machinery

EF,,=emission factors by the machinery (kg kWh™* machinery™%)

NE=the number of registered equipments(machinery yr-t)

PM,,=the average rated power for modeled engines by the operating hour (kWh)
LF=the load factor of Koreavalueis0.48.

Wasteincinerators
E=Y_ (EF, - WB)

EF,=emission factors by the waste incinerator (kg ton™2)
WB;=annual amounts of municipal solid and industrial waste burn up (ton yr?)

Other sources
Forest fire
E=>_ (EF; - FBy)
Building fire
E=>" (EF, - BF)

EF;=emission factors by the forest fire (kg ha™)
FB;=annual area damaged by the forest fire (ha)
EF,=emission factors by the building fire (kg number ™)
BF,=the number of the building fire (number)

J. KOSAE Vol. 28, No. 2(2012)



216 Ao} o) - o] - o] - YR - oY - 4

rlo

Table 3. Activity data from 2008 CAPSS and emission factors of point and area sources from U.S. EPA Speciate.

Activity EF in this study No. of
SCC code P
Description Data TSP PM, 5/ TSP (%) facility**
1010000 Anthracite coal 2,651,289ton 200kg/ton 32.69 3
1020000 Bituminous coa 61,671,169ton 50kg/ton 32.69 17
1030000 Oil (B-C for boiler) 4,018,576 ki 1.1S*+0.39kg/kl 93.80 53
1050000 Oil (B-C for engine) 76,539kl 1.668 kg/kl 58.42 3
Qil (for boiler) 26,501kl 0.24kg/kl 43.05 24
Qil (for engine) 1,017kl 1.668kg/kl 43.05 1
LNG 12,512,727 km?® 0.036 kg/km?® 100.00 30
2010000 Qil (B-A for boiler) 2,550kl 0.84kg/kl 84.12 3
2020000 Oil (B-B for boiler) 383kl 1.2kg/kl 84.12 1
2030000 Oil (B-C for boiler) 453,188kl 1.1S*+0.39kg/kl 84.12 254
Oil (diesel) 1,125kl 0.24kg/kl 84.12 26
Oil (for other equipment) 6,082,198kl 1.668kg/kl 84.12 46
LNG (for bailer) 42,616 km® 0.03kg/km® 100.00 27
LNG (for gas turbine) 23km?® 0.036 kg/km® 100.00 1
LNG (engine, other equipment) 11,774,598 km® 0.18kg/km?® 100.00 3
LPG 3,139,746kl 0.036 kg/kl 100.00 1
3010000 Anthracite coal 407,254 ton 200kg/ton 32.69 29
3020000 Bituminous coa 6,099,994 ton 50kg/ton 32.69 22
3030000 Oil (B-A for boiler) 79,042kl 0.84kg/kl 84.12 16
Oil (B-B for boiler) 63,882kl 1.2kg/kl 84.12 4
Oil (B-C, LSWR for boiler) 4,820,871kl 1.1S*+0.39kg/kl 84.12 668
Qil (light, kerosene) 784,076kl 0.24kg/kl 84.12 47
Qil (bunker, light, kerosene 2,181,981kl 1.668kg/kl 84.12 776
for other equipment)
LNG 3,008,828km® 0.03kg/km® 100.00 778
LPG 2,852,101kl 0.036 kg/kl 100.00 146
4010000 Crude Qil 138,062,055 ki 0.006 kg/kl 22.65 8
4020100 Coke 12,736,104 ton 0.062 kg/ton 19.35 5
4020200 Metallic stain 31,585,532ton 0.088kg/ton 71.99 8
4020300 Metallic stain 31,585,532ton 0.0367 kg/Mg 30.24 8
4020500 Molten stedl 32,715,274 ton 0.001 kg/ton 84.91 4
4020600 Steel 23,235,000ton 0.03kg/Mg 53.13 26
4020800 Sintered ore 40,761,972ton 0.037kg/Mg 70.55 6
4040400 Ammonium sulfate 723,746ton 0.02kg/ton 72.70 5
4040500 Ammonium nitrate 4,796ton 2.151kg/ton 77.50 1
4040800 Urea 171,413ton 0.28kg/ton 25.97 4
4040900 Carbon black 487,506 ton 1.04kg/ton 31.09 15
4041400 Phosphate fertilizers 95,818ton 4.2kg/ton 4291 2
4990300 Glass 2,978,034 ton 0.1kg/ton 69.74 80
4990400 Lime 1,390,000ton 0.14kg/ton 48.03 4
9010100 Municipal solid waste 3,548,538ton 0.05kg/ton 52.41 207
9010200 Industrial waste 2,137,994 ton 0.05kg/ton 52.41 568
11020100 Forest fire 226.89 ha 172kg/ha 85.0 -
11020200 Other fire 48,496 fire 9.6 kgffire 914

*Sulfur content in oil. ** The number of large industrial sourcesin Korea(2008).
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Table 4. Activity data from 2008 CAPSS and emission factors of mobile sources from U.S. EPA Speciate or EEA

CORINAIR.
Activity EF in this study
SCC code Source category Description Data TSP(PMy) PM, 5/ TSP (%)
7010000 Passenger cars 128,929,346,415km - vehicle 0.00012 g/km - vehicle 100.00
7030000  Light-duty vehicle 8,150,354,699 km - vehicle 0.09825 g/km - vehicle 100.00
7040000 Buses VKT 8,393,983,938km - vehicle 0.19717 g/km - vehicle 100.00
7050000 Heavy-duty vehicle 63,668,132,626 km - vehicle 0.189287 g/km - vehicle 100.00
7060000  Special motor vehicle 613,283,054 km - vehicle 0.22802 g/km - vehicle 100.00
7070000  Recreation vehicle 59,430,019,333km - vehicle 0.06197 g/km - vehicle 100.00
8020000  Railroads Qil 217,677kl 1.14, 2.68, 4.16 kg/kl 94.00*
8030000 Ships Qil (bunker-c) 1,162kl 0.6, 1.2, 2.4, 3.96, 6.78 kg/kl 100.00*
8040000  Aircrafts LTO 264,620 LTO 0~0.42156kg/LTO 100.00*
08050000  Agricultura No. of 1,892,417 vehicle  0.18, 0.20, 0.35, 0.40, 0.45, 94.00*
& 08060000 & construction machineries 0.48, 0.75, 2.04 g/kWh
machineries

*EEA CORINAIR emission factors
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Table 5. PM, ; emissions by sources categories.

Aol - 054 - o)) - o)A

5 S '7\:15]—

PM,, 5 emissions (ton/year issi
Sources Sectors . 25 ( ‘y ) PM, emissions Pleg/PM10
Point Area  Mobile  Total (ton/year) (%)
Fuel combustion Combustion in energy 2,124 0 0 2,124 3,080 68.9
facilities industries
Non-industrial combustion 135 2,167 0 2,302 2,307 99.7
Combustionin 2,724 38,864 0 41,588 73,441 56.6
manufacturing industries
Production Petroleum industries 72 0 0 72 92 78.2
progresses Iron and steel industries 1,706 111 0 1,817 3,880 46.83
Inorganic chemicasindustries 310 0 0 310 508 61.0
Others 161 36 0 197 246 80.0
Mobiles On-road vehicles 0 0 17,937 17,937 17,937 100.0
Non-road vehicles 0 0 7,087 7,087 7,400 95.7
Wastetreatments ~ Waste incineration 0 246 0 246 340 72.3
Other sources Fires 0 291 0 291 321 90.6
Total/average* 7,232 41,715 25,024 73,971 109,552 67.5%
Production progress
3.2%
\
Other sources(Fire)
0.4%
Combustion in Waste treatment
energy industries 0.3%
2.9%
Non-industrial
combustion
3.1%
Fig. 2. Distribution of the PM, 5 emissions by source categories.
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Fig. 3. Distribution of the PM, 5 emissions by point (left) and area (right) sources.

Passenger cars
0.1%

Other vehicles
0.8%

Light-duty vehicles Agricultural &

4.5% construction
machineries
58.4%
Heavy-duty vehicles ’
64.9%

Aircrafts
1.1%

Fig. 4. Distribution of the PM, ; emissions by on-road (left) and non-road (right) sources.

o= T REA AF wiEEHE Zoz veigth 2999 wiEse] A il v]s] Sl o] ©

WEd HERE ATRYE Az d94(37.7%), o ﬂ_i e ol 1,2, 3% AR A

HXP&%} A4 (29.4%), A 2A7H (23.6%), 7713t ddez St A ARG A AR A

AE Az (4.3%), 715} A2 (2.2%), 1Ak A4 disk ARE 53] 23 HE B W 29

(L.9%), H5A1FA (LO%) £22 =2 7|odg&S o2 sl CAPSSuiEs & whie] 9st

BT (¥ 3). o2 F3% 4,5% v|Edsel Wt x87) FrH
H oo miEske 417158 /de= F gy W A W 29 HE viErd=s XS =4

2] 56.4% AR5t glom Az A4 388645/ FEkd Aoz A=

(93.2%), Aty A4 2,167E/J (5.2%), 2 & AR

AZFd, =2A, #1718 A, 71e A SelM 7 3.3 0|& 2 HiEH

7k 1% m|gke] 7]elE& Holx glo] A2y dikel o5 29YoA WA= WEF(IH 4)2>

Qg W& 7ld=rt Al Aoz Jepgch W 25024E/do2 3B8%E AR Aoz el

_YL%dzd}orlo

J. KOSAE Vol. 28, No. 2(2012)



220 Age}- olF8 - o) Aw] - ol - An

rlo
o

o} ==2l|A 17,937&/3 (71.7%), vl == 7,087
B4 (28.3%) o] ==2ol|A= 3=} (64.9%), RV
(20.5%), W2 (9.2%), 532 (A5N)Eo 2 F2 7]
&% M3 v=E2dME F7A 9 AdAN}
58.4%, A4} 29.6%, A= 10.9%, 3% 1.1%= x}A]3}
Aoz ey

E2olF 254 METFe] TEHpe}
gAe] F F FAAR (VKT)el o] Estmz
T FEAYI B FEA A v EgFe] B
2 gelEw F714 9 ZAAd71A L A9 714
ot 7HEAIZel sl Wi ETke] FHeFHE=
W Edel] vl Ao e ofe] WA=
2 sjotgint

o it e To o 4y

s L 01n )

.4 B
AP 201549 o)A E AR 2E
ol 712983 PMyso] wiZatE shotals]

4, #H71E Ziﬂl‘ E}Xﬁi ‘/}Tfﬂ Téﬁhﬂ W=
H e AE] Sl et SEs s
H7|7to 2 HE] §l43le] CAPSSe| 733 A=
Z43130c). olell wieh ARl 2008d el A
Mg PM, s 3= vl Eefk2 739718/ do 2 o8 A4
,014E/d (62.2%), o]—*E 25349 25024E/d (33.8%),
AR 23968/ (3.2%), #H 7| B3] 246E/d
3%), 34 291/ (04%) o2 A= i) o%
G FEel A o R (96.0%)& ApA|ska slew
PMyo % PMas7h 2HA13HE BIE-2 67.5%= yeldtt
A ool wjZere 7,232E/d (9.8%), ™ S_Oéﬂ
W &5 41,7158/ (56.4%), °] 5 29 W&
25,0245/ (33.8%) 0.2 eyttt A 99 %ow_
a8 A4 4,983E/J(68.9%), MAEA 2,249E/d
(3L1%)ell A AF wiE=m W egLelME Az
A4 38,864E/1 (93.2%), H]AFY] A4 2,167E/d
(5.2%) ez Az Aol 23 wiE 7=t A
A Aoz yehdtt o]F 24 KM E =2
HRo] 17,937E/ (71.7%), ] =2 R Fo] 7,087E/
1(28.3%) % A8k Aoz vehdth =25

i mlm P to g N fy
=9

F'—?—'f

\~°’8

ko)) 7] 33 813 R] A 28U A 2 &

4

AMe F FEAE 7P B 3HERH(64.9%)2] 7]
=7} 7B =9kom, RV (20.5%), ¥ 2 (9.2%), &3}
2H45%) o2 el vER BRI B

A @ AR (58.4%), A4l (29.6%), A= (10.9%),
FE(L1%) o2 vepyi)

E AT uEEES AA-es 7& Yy
2 PMygel = wiEeks Al en ol =7t
W71 Q=4 wiEsF 54 CAPSS? wiEE= 9
FF=Z 7ukez AP HelolA v % ou)rt =
o} 3P o] A FF AlF oAl PM,gs o7 8
A71EE 2] S8k AAEAE 3 d 9
o] 43 ztur) @ Aoz A7 =g V]E A
Tof| wt2m o]l AFelr EFA|F|A] £3F wjAkd
29t AEA dael & PM,so] 7]od s A
& AA)sla 9lE - (Jang et al., 2009)

oz ZwEe
ool W b4 A7 B FAA B B

ol Ego] HEs & Aol
e
3 2, 27, o, BT, e, 258, o)

7FAE, 3R, 27
gk, w5y, s} s, uhgAl (2007) 307
%ﬂ*%* At AT, B3

ari

'rrz} Ll
7444

7T AFE A,
=337 75t (2010a) 27} g7l wizek AH
().
=513 7514 (2010b) =512 7HA A 2] (CleanSY S).
=333 2591 (2010c) =) 714 A =] A A) 2= (Clean Air Policy
Support System, CAPSS).
=2]317 7314 (2010d) ) 7] 3H73 4 . 2009.
=3 3+7 7}519) (20106) vl &3] AAtE 4% = = T3 (Source

Data Collection, SODAC).

Yed7], 784, 45, 12t (20098) PM,s =715
AAe 9% A7, FRABAAAR.

o3 7], T84, 2715 HAAL, w7171, 22341 (2009b) PM,s
WEEY R VleE 24 A7, FRRE D,

N

AN

0:

c>4

277 (2010) == o713 7)8AE WA AL
745 (2011) 1A Sl o] 2 2mAA] 2] 243

FAR vy,

Ahn, J.Y., K.J. Moon, J.S. Kim, M.D. Lee, SJ. Lee, H.J. Kim,
H.E. Jeon, J. Oh, J.S. Choi, SM. Park, J.S. Park, and
S.W. Lee(2009) Study on the Characteristic on Phys-
ical and Chemical Properties of PM,5 (1), National
Ingtitute of Environmental Research.



California EPA Air Resource Board (2008) http://www.arb.ca.
gov/ei/ei.htm.

EEA (2006) EMEP/CORINAIR Technical Report, Emission
Inventory guidebook, www.eea.europe.eu/publica
tions)EMEPCORINAIRA4.

Jang, H.N., Y.C. Seo, JH. Lee, K.W. Hwang, JI. Yoo, C.H.
Sok, and S.H. Kim (2007) Formation of fine parti-
cles enriched by V and Ni from heavy oil combus-
tion: Anthropogenic sources and drop-tube furnace
experiments, AE, 41(5), 1053-1063.

Jang, K.W., JH. Lee, SW. Jung, K.H. Kang, and J.H. Hong
(2009) A study on the comparison of emission
factor method and CEMSS (Continuous Emission
Monitoring System), Journal of Korean Society for
Atmospheric Environment, 25(5), 410-419. (in
Korean with English abstract)

Lee, JH., JS. Cha JH. Hong, D.I. Jung, and J.Y . Kim (2008)
Estimation of benzene emissions from mobile
sources in Korea, Journal of Korean Society for
Atmospheric Environment, 24(1), 72-82. (in Korean
with English abstract)

Lee, SH., K.S. Park, JH. Lee, H.N. Jang, JH. Kim, and Y.C.

S Wl PVl &9 A 3 W% s BH 221

Seo (2007) A study on the emission behavior of
mercury generated from wast incinerators, Journal
of Materia Cycles and Waste Management, 24(8),
704-713. (in Korean with English abstract)

Linak, W.P. and J.O.L. Wendt (1993), Toxic metal emissions
from incineration: Mechanisms and control, Prog.
Energy Combust. Sci., 19, 145-185.

Ntziachristos, L. and Z. Samaras (2000) COPERT |11 Computer
program to cal culate emissions from road transport,
Technical Report 49, European Environment Agency,
Copenhagen, Denmark.

U.S. EPA (1997) CFR Promulgated Test Methods, http://www.
epa.gov/ttn/oarpg/naagsfin/pmheal th.html.

U.S. EPA (2007b) Technology Transfer Network, Clearing-
house for inventories & emission factors, http://
www.epa.gov/ttnchief /ap42.

U.S. EPA (2008) Technology Transfer Network, Clearing-
house for inventories & emission factors, http://
www.epa.gov/ttnchief 1/software/speciate.

World Health Organization (2006) WHO Air quality guide-
lines for particle matter, ozone, nitrogen dioxide
and sulfur dioxide, Global update 2005.

J. KOSAE Vol. 28, No. 2(2012)



