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Study on the Establishment of Reduction Goals for Air Pollutants

Emissions from Diesel Locomotives in Korea by Comparison with

Emission Regulation in United States
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ABSTRACT

The air pollutant emission from the railroad diesel locomotive is still a significant
environmental concern in many countries including Korea and Unites States. The emission
characteristics of the railroad diesel locomotive were extensively studied in this study.
Particulate matter (PM) and nitrogen oxides (NOy) emitted from a large locomotive engine
(2-cycle, 16-cylinder, and 3,000-horsepower) under various engine-rating conditions was
analyzed with a scanning mobility particle sizer and a gas stack sampler by using a dilution
tunnel. We could gain the emission values of 2.1 g/horsepower-hour for PM and 42.7
g/horsepower—hour for NO,. We proposed the emission reduction goal of the railroad diesel

locomotive for Korea in comparison with the regulation of United States.
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Z 10,752 0 10,752 2002
D 20,878 0 20,878 ”
A = 1,380 791 2,171 ”
=d 2,578 2,760 5,338 ”
e 2,958 923 3,881 ”
ol e g 1,538 825 2,363 ”
T2EZL 2,043 15 2,058 ”
Fuly o} 2,250 155 2,405 ”

$-A ko]t 2,698 0 2,698 2001

7yt 2,911 7 2,918 2002
S 4,815 22 4,837 ”
D 494 1,547 2,041 ”

el v=re) Q9= Tier 2 gfAlol olste] mAlA] wjEo] srAlE L 9lew, (US EPA, 2004)
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B4 WEEHS 2ASD, olF vH dAvte] e WEYEI} masez

gz Eae el e AGEEE 2gstast s,

HAZ|#Abs 284 1671% <1xle] dnbAeln, fAleatel WA= 6, 8, 167]% <%l To= v
s, &2 200mkEolA  3,000mE 7k theksith. B Aol E 234 167]1%  3,0007HE
16-645E3 <lxle] e SdE oA ¢ (7100~7500A)& .
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Fi FEE 84s] fste] g4 HY (¥ 1, 2)2 AFEste SAHSIATE mAYgAr B4
AAAI4=7] (RION KC-01B)¢} SMPS (TSI 3934)2 o]&3te] aston, 7}~ A4S stack
sampler (Sensonic 5100)Z o]-&3to] CO, NO, NOs, Oy, "¢, A48 55 =439 J

a9 18 Al ARSE 34 HE (919)



# 2+ notchE 0, 2, 4, 6, 8-notch® W3 7|HA T A7 @At A wjEH = & 7k 2%, 4F
A ¥, excess air ratio, oA A X, dAbstEr A v AASHES FEE RUHPE xolth
Fot7b Sbghel whet AbA see 3 2 oAkt As Fev FUsT dAkste A s e
6-notcholl A 7Hd =k o™, 8-notch =95 g5 7S ddde 28] Aaddiv. d4
AbshEe] A, wEES A = sto] S7Fetgie, o= 4zl E¥o] F W A =
L7b oA dao Absiukgol dojrpr] Wl o= Helt
3E 2. AR HFato] mE wiEvbse] 54 &
Noteh s @ (oo (oo
idle 18.9 1.5 110 234
2 17.4 2.6 147 359
4 15.2 4.3 257 630
6 13.1 5.8 1,069 857
8 13.0 5.9 412 1,282
Mean 15.5 4.0 399 672
S.D. 2.6 1.9 393 418

¥ 32 gAV|TAY 29EH wEFEE YER Fo|th NotchZl AR AAFE Z8o| 78]
uj&ol] RPM¥ BHP, 181l gas velocity’} AY AdH o=z =713, 28y, 4HA 5= b=
48t 8-notcholl & 12.3%71H4] A3t AAkstE 3 Aabster s, vA|Wx], 28lal 47]9] 5%

=] [e)
L 7-notch7tXE=  Z7}8tb7F 8-notchol A tha
7-notch¥ w7} o =4t

7ZyAaskger. gy, EsleEAE 8-notchX®Th
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RPM BHP
Notch (.revolotu (brake O2 Velgc?csity NOx CO HC PM ; smoke
ion per | horse (%) (ppm) (ppm) (ppm) | (mg/m”) | (B-NO.)
minute) | power) (m/sec)
idle 260 17 20.1 4.11 248 158 162 4.0 2.8
1 302 173 18.7 7.29 604 200 126 6.0 4.4
2 368 426 17.5 8.94 969 283 404 6.0 6.8
3 492 830 15.8 13.79 1,417 453 590 12.5 6.4
4 559 1,057 15.1 16.36 1,568 625 852 17.0 6.8
5 645 1,434 14.3 22.57 1,688 901 959 259.0 7.0
6 715 1,823 13.4 27.59 1,780 1,368 1,216 396.0 7.4
7 810 2,409 12.3 35.48 1,822 2,069 1,431 505.0 7.8
8 894 2,953 12.3 43.09 1,806 1,776 1,490 255.0 7.6
= YAz #Ake] /\]ﬂ%‘r HEA MEZFS Ve Folth Y o] FrtetH S E A Akst
=, °”}§‘r%i gl A A Y] s A FrbsSlth AaikskEe] A L HEd MERS
idlell 4] 1,622 g/hell Eljro}oﬂo‘/]' 8-notcholl A& 126,460 g/hell o278 <oF 78w Z7lstH k. LAk
slets 9t EElAe A9 idledldE 641 g/het 311 g/hol B33 o}, 8-notcholl A= 27+
76,271 g/h¢t 28,291 g/h=E 747} 119wfel 91w S7hekqich. mlAA Y] 4-5-% idledl A= A Zo]
15 g/h=Z w9 Ao, 7-notchollA+= 9,282 g/hZ 619y S7kskitt. 28y, o F8H& =9
8-notch7} H3l& wole 238z dAZFe] i Fhaske S Bt o= 8-notcholl A B i&0]
Ho] wjd AA|7E AR AbstEo] o]ibsteiA B VE e elEHY] JHE wiEHY] Wi AR

Holt},

E 4 OAVRAY NG PR WEY

Notch NOx CO HC PM
(g/h) (g/h) (g/h) (g/h)

idle 1,622 641 311 15

1 7,027 1,428 412 30

2 14,149 2,425 1,708 49
3 33,359 6,031 3,881 1,282
4 44,265 9,326 6,491 1,804
5) 63,797 19,481 9,848 3,773
6 81,221 36,271 15,025 7,017
7 105,408 70,963 22,319 9,282
8 126,460 76,271 28,291 6,187




 Aastrt o)l S7kshs ARE Btk datsES d-notch o] FE= 719 MsE {ilaL, o
AFehERAo] 9= T-notch7HA] A|&A 02 F7FsterE 8-notch W] tha sk Zo® UERkth el
2 l-notch7HA] sty 1 o] %2 AHH o R Frlshs AFE Btk vARA WEds ve 4%
& Hol]edl, 3-notch7HA #A4dtthrt 21 o] ¥ 2= T-notch7HA A|&4 o0& F7skal, 8-notch wioll= 1A
Hashe Ao vekgth daststE, dAkstea, vAuAe] wiE %S T-notchell A ZH2E HTiAQ] 43.33
g/bhp-h, 30.24 g/bhp-h, 3.90 g/bhp-ho.& et Es54e] &3S 8-notcholA Hx]¢l 9.59
g/bhp~h= YEFT.

0O;

F 5. "ArZ|HAte] AlsvtEd e 9=d wiEF
Notch NOx CO HC PM
(g/bhp-h) (g/bhp-h) (g/bhp-h) (g/bhp-h)

idle 95.98 37.95 18.40 0.87

1 43.78 8.64 2.96 0.31

2 32.98 5.68 4.01 0.11

3 38.01 7.47 4.47 0.16

4 41.31 8.93 6.09 0.17

5 44.17 14.00 6.82 2.59

6 44.13 20.43 8.21 3.85

7 43.33 30.24 9.25 3.90

8 42.67 26.32 9.59 2.11

Hat 41.30 15.21 6.42 1.56
AA el A =28 “/]ﬁe‘ |l = v A7 A8 Soln, ARl o] wWiE TS TESAE 2
=5 AAEEA e RS TSN (@A) AR HEAATEA) ] FEiEder Adsta 3l
LAE o A
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L S R Rl zﬁ_;x}%ﬁ% HAazidel= A7l fls A, o oolf= A
Apgkel] 8ol 7hedt ed=d AHAE Ay A7 vEe] F56H7] wolth
=y, 2005 5l 76‘7115 Qb A Bl A7) Ao A B G Aol oste] M]dshe-~7t T E
AL ARdel tiste] 24 Z"o%‘f%%xﬁz AL 7F ol o3 v, 29 E dAske] F=
AEFAbl Al 4,103,71095 817 1 ;qu7} TA Aoz Vel 9

! =] A9, 20059 FEAGYI
= HE qrAl7IEe]l A A
2 3 4 aL glen, A4 | HyAv
ded AAE ATEE FA) Ao Xlﬂc}xél‘%g XH?E) Ao 7}*”—%‘ AOR o dHdt
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%ol F9H9 “/]Z“ﬂﬁx}L o TfAlE WA ‘Rlﬁ]r 131‘/} U]
< 1997d 12€9] EPA (Environmental Protection Agency)ol Al Al+f 7.:;] 2 R A=A
sk, PAREA] ol g grAlE Ak 200095 A7 = sl
¥ 63 o] AR wiE fAl 7lEo] v Eo] A Tier 2 1A17F A& 5L vt o
o WEW, line-haul EZoA ®shd, dbsters AAsHE, wAWAe] A5 22 0.3
g/bhp-h, 1.5 g/bhp-h, 5.5 g/bhp-h, 0.20 g/bhp-ho]i, switch =94 0.6 g/bhp-h, 2.4 g/bhp-h,
8.1 g/bhp-h, 0.24 g/bhp-heltl. &}, 20043 EPACIA fdag Hago] wad A4S ags)
of AR &} AAaAbstEo 8w, A Aa4ksHES 9.5 g/bhp-h, PIAH A= 0.6 g/bhp-ho|t}.
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Stage N A A A7 mode HC CO NOx PM
R " (g/bhp-h) | (g/bhp-h) | (g/bhp-h) | (g/bhp-h)
Line-haul 1.0 5.0 9.5 0.60
Tier O 1973~20014
Switch 2.1 8.0 14.0 0.72
Line-haul 0.55 2.2 7.4 0.45
Tier 1 2002~2004d
Switch 1.2 2.5 11.0 0.54
Line-haul 0.3 1.5 5.b 0.20
Tier 2 20054
Switch 0.6 2.4 8.1 0.24
A = dE gAZ|#@AoA wiEEH = 2 A2RAEE] 4 o 43.33 g/bhp-h, "AH X9
749 A 3.9 g/bhp-held], HwH o=z z+7zF 41.3 g/bhp-h, 1.56 g/bhp-h A== e v]=e] 4]
NEe AA LEL Qe ARtk of Al N1ES WEAA] FeAE MEkae EAGEEE A
2ALBEL ok 90%, M AR = 85% 7FeFo] T oo i)
A A7 BA=Fe] wjde AteteE Ax2E fAdAHe (DPF; diesel particulate filter), T &AAk

N

3t=u] (DOC; diesel oxidation catalyst), Z&}=v} NOx A7AX], 4-way Zu] A2~ Hels Zuj
U (SCR; selective catalytic reduction; SCR) 2] To] o, 28315 Qg w=#Ho| AL
Atk ol AzFgA ] sk vy Hake] A g tEe] FE HEA on A Aare] & 7
& sHA 2 Aot
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