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Abstract In metropolitan area, automobile is the main source of air pollutant emission. To reduce the impact of on-road
and non-road mobile source to atmosphere, vehicle emission reduction program came into force based on "Special act on
the improvement of air quality in Seoul metropolitan area; which was established in 2004. The emission reduction program is
categorized into 3 parts; exhaust reduction equpment attachment (DPF, p-DPF, DOC), engine modification and early
scrapping. According to "Clean air conservation act,, the owner of vehicle registered in Seoul metropolitan area shall undergo
a sophisticated inspection of exhaust emissions emitted from in-use motor vehicles every one or two years (Inspection and
Maintenance Program). This paper analyzed the result of vehicle emission reduction program in Incheon metropolitan city
comparing the result of IMP during 2016~2018. As most of the vehicles in this program applied DPF, the analysis is focused
on the effect of DPF equipment. Since the reduction program begun, we could see the average levels of vehicle emission
decreased especially among heavy-duty truck, heavy-duty van and small van. And it showed that once the reduction
program is applied, the emission of vehicles increased with the passage of time. These results indicate the efficiency of
exhaust reduction equipment to reduce the emission and the importance of ex post facto management of the equipment.

Key words : Vehicle emission reduction program, Inspection and maintenance program, Diesel particulate filter
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Table 1. Number of cars of reduction program in Incheon (2004.01~2018.09).

Sort Passenger car Van Truck Special car Total
DPF 4,324 3,464 17,634 2,609 28,031
. pDPF 173 2,337 16,163 30 18,703
Control equipment
DOC 360 1,612 10,898 8 12,878
Total sum 4,857 7,413 44,695 2,647 59,612
Engine modification 1,730 7,103 18,422 15 27,270

Table 2. Total subsidy for reduction program in Incheon (2004~2018.09, Million won).

Control equipment

DPF DPF +SCR pDPF

Engine modification
DOC Total sum

Total sum 155,023 3,091

44,180

11,405 213,699 105,635

Source: Incheon metropolitan city
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Fig. 1. Average pollutant emission by manufacturing year and mileage.

Table 3. Terms of emission inspection.

Passenger car Van
Use
Sort Non business For business Non business For business
Age Older than 4 Older than 2 Older than 3 Older than 2
Inspection term 2 years 1 year 1 year
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Table 4. Total average emission by mileage (10,000 km).

Pollutant <5 <10 <15 <20 <25 <30 <40 <50 More than 50
CO (ppm) 0.03 0.04 0.06 0.10 0.13 0.15 0.17 0.20 0.23
HC (ppm) 5.0 6.0 9.8 15.8 211 24.0 23.0 18.2 194
NO, (ppm) 29 45 98 168 220 239 210 148 145
Soot (%) 6.5 74 9.9 11.8 12.6 129 125 1.4 103
Table 5. Total average emission by manufacturing year.

Pollutant Before 2002 2002~2005 2006~2010 After 2011
CO (ppm) 0.63 0.14 0.07 0.04
HC (ppm) 144.2 25.7 1.1 6.5
NO, (ppm) 446 216 70 35
Soot (%) 15.6 13.6 10.8 4.1
Table 6. Total average emission by mileage (10,000 km).

Pollutant <5 <10 <15 <20 <25 <30 <40 <50 More than 50
CO (ppm) 0.20 0.14 0.08 0.13 0.11 0.11 0.18 0.19 0.22
HC (ppm) 16.0 16.4 171 17.2 17.2 17.7 33.6 329 257
NO, (ppm) 219 194 242 212 238 193 207 310 286
Soot (%) 12.7 12.7 134 13.7 13.9 14.6 13.6 13.6 121
Table 7. Number of cars of each year after each emission reduction program.

Year (Duration) 1 2 3 4 5 6 7 8 9 10~
DPF 864 962 2,452 3,594 2,392 1,839 1,418 1,092 1,667 6,410
pDPF 49 93 518 1,358 3,484 4,889 5,032 3,522 2,602 2,151
DOC 4 431 572 1,764 4,282
Engine modification 54 236 381 1,021 1,622 2,440 2,151 2,979
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Table 8. Average Soot concentration before and after applying control equipment (%).
Control equipment <5 <10 <15 <20 <25 <30 <40 <50 More than 50
Not applied 17.8 16.5 16.4 171 17.6 19.6 189 19.0 16.9
Less than 4 years 7.0 9.6 9.2 10.0 10.5 10.1 8.6 9.0 87
More than 4 years 131 12.6 14.0 14.0 14.0 14.9 13.9 13.9 12.1
354
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Fig. 2. Average emission of CO, HC and NO, after Engine Modification (ppm).
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Table 9. Estimated reduction effectiveness of files-aged DPF (%).

Age H.P. M.P. H.V. M.V. H.T. S.T. M.T. Average
Less than 1 year 64.8 728 68.8 80 66.7 727 709 73
Aafter 5 years 733 67.8 771 62.1 60.8 63 65.3 62.9

S.=small; M. = mid-size; H. = heavy-duty ; P.= passenger car; V.= van; T.= truck

Table 10. Average Soot concentration of middle-sized truck* and middle-sized van** with control equipment by manufac-

turing year and duration of equipment (%).

Middle-sized truck

Middle-sized van

Year
2016 (3 years) 2017 (4 years) 2018 (5 years) 2016 (3 years) 2017 (4 years) 2018 (5 years)
2000 125 8.4 7.6 6.2 10.6 11.0
2001 114 7.2 14.0 8.4 9.8 9.3
2002 14.2 9.5 9.2 12.6 9.9 12.0
2003 13.6 14.8 124 6.3 8.6 125
2004 10.8 9.8 126 8.3 9.9 10.1
2005 6.8 7.3 6.6 6.8 6.2 8.1
2006 4.7 8.7 8.0 79 6.6 4.4
2007~ 7.5 6.3 5.8 8.7 6.5 7.2
Average 12.0 11.6 124 7.9 7.9 9.3
*F=0.025087, num df = 5053, denom df =4719, p-value <2.2e-16
**F=0.026771, num df = 1635, denom df = 1301, p-value <2.2e-16
Table 11. Average of annual emission per vehicle (kg/vehicle-year).
Pollutant Year H.P. H.V. H.T. M.P. M.V. M.T. S.P. S.V. S.T.
2005 17.2 470 68.4 38.6 0.80 34.7 55.8 257 183
co 2010 8.24 247 36.1 20.3 1.67 229 34.9 29.8 6.17
2015 6.01 40.74 18.55 6.05 0.35 11.2 48.1 16.3 2.88
2005 104 1153 357 8.01 1.00 55.2 8.9 143 234
NO, 2010 1.34 399 259 543 418 63.0 12.7 49.62 7.77
2015 2.51 322 132 5.16 2.56 48.7 87.0 171.6 228
2005 1.58 35.6 18.11 0.09 0.08 3.30 0.0007 21.95 2.27
PM;o 2010 0.0009 2.20 6.67 0.29 0.18 2.37 0.55 5.10 0.66
2015 0.01 1.20 2.59 0.12 0.03 0.95 1.51 5.1 0.72

S.=small; M. = mid-size; H. = heavy-duty; P.= passenger car; V.=van; T.= truck

_);]_w‘

ofy
2
&
R
[
N
2,
lo
I
2
n\l
oX
ﬁ(‘
-z
Lk
ol
|
e

2 FAsto] B7] 918 2016~2018'd Ato] 4=
ooflA T W o] HAUHARE ¢ RS He
HEgh 20160 7|02 ARt
o 2pego] AAtAEE - AZrAE Hot oA

—{Oll
: BT
rw
o o
fr Bomx XN oaE o

o
l_r]

GE 10 35 59 A BRI

= AxAwTt o) o

o= etk
e T

w7 oAl A

olEle] Wrjsto

o g 2

55 velo] B

Z|—T
T

3 717k0] ol A48 %
o L1 st A7t
SCCREEE RIS

397t

Asted7ol] A7)l Azraat Wst

Sy |2tEstE|x| 36 2 M| 5



Car

N
s
S

5~ Heavy-duty Passenger
- Heavy-duty Truck
— Heavy-duty Van

~4 Mid-sized Passenger

Mid-sized Truck

Mid-sized Van

N
S
S

sk

\ ~# Small Passenger

Small Truck

Annual emission of CO per unit(kg)
7

<= Small van

2008

Car
5= Heavy-duty Passenger
A= Heavy-duty Truck
—— Heavy-duty Van
\ —< Mid-sized Passenger
- Mid-sized Truck
Mig-sized Van
& Small Passenger

Small Truck

Annual emission of PM10 per unit(kg)

Small Van

2016

1z

715

AT

1200

Car

~= Heavy-duty Passenger

£ Heavy-duty Truck

—— Heavy-duty Van

600 —< Mid-sized Passenger

“~ Mid-sized Truck
Mid-sized Van

& Small Passenger

200 Small Truck

Annual emission of NOx per unit(kg)

Small Van

2004 2008 2016

Fig. 4. Average of annual emission per vehicle of CO, NO, and PM,, during 2004~2017 (kg/vehicle-year).

Zolg Bels}7lols T} et

3.3 X2 7 |2EEH &Y
A A E 2FE HEaIt oY)
T2 AR {15 H7I 7] L A=)
A AE 2 o]Fe Yol AEH Y
FAA 2AHeat SEHSE Hlwste] 1t

HjEeRe Aokt 1 At tid5ete] No,
20059 1,153 kg/'d - thell A 2010\ 399 kg/
&, PM,p2 35.6 kg/H - tholl A 2.2kg/d -T2
Hadhe 5 5ol gt dgstE A=gollA o
v EFo] St ainh 2007~2010 A
o] AZAtAe] FHAH o o] A&} vijE

2920 75 8908 %)

i

[\

0169-FE = 55

T O 1

hu

5
iy

r

el

ol Aol 4 LA HhE7EA ALl

o

H1
o o
e
N
>

AT o
ol
—>|.l_l‘

fol
1

R

N og
rg o
39

)

o
of
Wy

—
~

(
-
2

4~ 19 1
_@ e

oy

N
o

N
—_

&
o
ra

i)

> O

= 2004
7H3 kAT 2005~2010'9 Ate] o
, 2eEArge] uiY AthiEs
50%, PMp<> Z| o 20% FFE 02
Ak
o] & FtollA A2} v Es]§
e Agdant FasH A8t
YA AT B

2 WAk Aol &

2

)
o,

=

ofly
lt

&

9
)

B

Z

s

mo
o L

oy
B

1=

J. Korean Soc. Atmos. Environ., Vol. 36, No. 5, October 2020, pp.708-716



716 =223 285

29l Ao 2 Lehth
4) AZAE g & 713 A 3] wheh A3 A7 E
W7} Z4aste BGo] ey, DPRO] 3¢ B2}
5 51d0] Aulsh ujd B} ] Rz} 2k} vj2
S B =obA A leF-8t Soll tieh Abee] <]

TS AR
o] AFE FAsh= oA FAE Sl AA,
A el whel 2 25l Zol7h glo] Al &
ol w2 Bao] ojggo] AL, Z7H7 L EE
o=

AuET Hlolg 9] vigEd d=3 ACAAN &

o] Ax[s}A] kot Ak o] AF Hl w7t AlREA o] %]
ok B3 =77 e HEduEE vid 1 277
Folu AgRA o] Hshrt glo} ARFEE FolE
desA TS olH k. B4, Agsl 24 ¥
A2 0] o] Foj2| 2] gFot H Abo] H| A=A
U A2 1, EA, 95} o] WAstE e A
SHIE Tt & 18Ith

FF T A2 7he] AR seka AR AE
Be) 7818 Bo) 3o 22 AT A A
2 %4 24 9 mueo] ool rhy Hr} 3
Steta AAHQ Bajo] 73 Flolw, 1= %
FEH A Y} AN ) 584 F
7108 5 gl Ao 2 7|k,

References

Jung, S.C., Yoon, W.S. (2007) Unified Modeling and Perfor-
mance Prediction of NO, and PM reduction by DOC-
DPFF-SCR System, Transaction of the Korean Soci-
ety of Automotive Engineers 2007 Spring Confer-
ence, 219-228, (in Korean with English abstract).

Keel, J.H., Lim, Y.S., Kim, H.J., Roh, H.G., Yun, B.S,, Lee, S.G,, Lee,
TW.,, Kim, J.S., Choi, K.H. (2017) Evaluation of Accel-
erated Retirement Program for In-use Diesel Vehi-
cles based on their NO, Emission Characteristics,
Journal of the Institute for Liquid Atomization and
Spray Systems, 22(3), 122-128, (in Korean with Eng-
lish abstract). https://doi.org/10.15435/JILAS-
SKR.2017.22.3.122

Kim, D.Y., Choi, M.A. (2011) Evaluation and Improvement of
Diesel Retrofit Program in Gyeonggi-do, Gyeonggi
Research Institute, http://www.dbpia.co.kr/journal/
articleDetail?nodeld=NODE02149332

Kim, J.W., Kang, K.K. (2015) Evaluation and Improvement of a
Subsidy Policy on Early Scrapping of Old Diesel
Vehicles, Journal of Environmental Policy, 14(2),
73-99, (in Korean with English abstract).

Kim, U.S. (2016) Soot Emission Assessment and Management
Plan for Diesel Vehicles operating in Seoul, The
Seoul Institute, https://www.si.re.kr/si_down-
load/55652/17163

Lee, TW.,, Kim, J.Y,, Lee, J.T., Kim, J.S. (2012) Quantified Contri-
bution of High Emitting Vehicles to Emission Inven-
tories for Gasoline Passenger Cars based on Inspec-
tion and Maintenance Program Data, Journal of
Korean Society for Atmospheric Environment, 28(4),
396-410, (in Korean with English abstract). https://
doi.org/10.5572/KOSAE.2012.28.4.396

Lee, TW., Park, H.N., Park, J.H., Jeon, S.Z,, Kim, J.S., Choi, K.H.
(2014) Control Measures for Air Pollutant Emissions
from In-Use Light-Duty Diesel Vehicles Regarding
their Emission Control Technologies, Journal of
Korean Society for Atmospheric Environment, 30(4),
327-338, (in Korean with English abstract). https://
doi.org/10.5572/KOSAE.2014.30.4.327

Ministry of Environment (MOE) (2012) Research on the Inspec-
tion and Maintenance Program Performance and
Long-term Development Plan, http://www.prism.
go.kr/homepage/researchCommon/downloadRe-
searchAttachFile.do?work_key=001&file_type=
CPR&seq_no=001&research_id=1480000-201300
076&pdf_conv_yn=N

National Assembly Budget Office (NABO) (2019) Business Anal-
ysis on Particulate Matter Responding Program,
ISBN: 978-89-6073-206-3

Preble, C.V, Dallmann, T.R., Kreisberg, N.M., Hering, S.V., Harley,
R.A., Kirchstetter, TW. (2015) Effects of Particle Fil-
ters and Selective Catalytic Reduction on Heavy-
Duty Diesel Drayage Truck Emissions at the Port of
Oakland, Environmental Science & Technology,
49(14), 8864-8871. https://doi.org/10.1021/acs.est.
5b01117

Authors Information

1—N Md

57 (QAATY EAZNATA ALATY)
AT (AT EA7HATA AAA7919)




	자동차 배출가스 정밀검사 결과를 이용한 운행차 배출가스 저감사업 추진효과 분석
	Abstract
	1. 서론
	2. 선행연구
	3. 인천광역시 저감사업 효과 분석
	4. 결론
	References


