A YAAFAM vEH e 724 LH9ERA9 &g 4
Estimation of Gases Air Pollutants Emission Rates Exhausted
from Railroad Diesel Rolling Stocks

ayA?, Wgs?, 3$4°, dge?
Duck-Shin Park, Sang-Ho Bae, Woo-Sung Jung, Tae-oh Kim

ABSTRACT

Of those off-road diesel engines, the railroad diesel rolling stocks (RDRS) for passenger and
freight transportation become a growing issue since they are emitting enormous amounts of
various air pollutants. Furthermore, up to the present time, emissions from these sources are
not well controlled. One of main purposes in this study is to develop emission factors for the
RDRS and to estimate a total amount of major air pollutants from the RDRS in Korea. Prior
to develop a Korean mode emission factor, the emission factor from the USEPA was simply
applied for comparative studies. As a conclusion, based on the emissions calculated from both
the USEPA mode and the KoRail mode, the RDRS is considered as one of significant mobile
sources of major air pollutants including NOx and CO, and thus management plans and
control strategies for the RDRS must be established to improve air quality near. future in

Korea.

1.4 &

USEPA (US Environmental Protection Agency)olAl< “Hl= 2§ (off-road) <1z1"& 1270 ¥
4 Holx 13} o) HE=EqAM ALEE Ao gle AT FAHIFI Uk (USEPA, 1998).
2 4727 vER&o2 ALEn JE dAAdMe] NOxst A 2FEE Wi F&@
ddoz AT FUHoZ drjedd F AFAY EY §F =28 AJA wEHE
FEZo daMe 28 ARE FAE 7€ &AW, AV @A, A 2 B, 4, 25, A
Z A6 & Tt HERE o5 ddd A% 248 W& Ao BAME =971 A
9] o]FojA Ho| gtk HZ YFelHE 24 AT T LFEL WEF G o] A
o R AuAes FAE @ wr vEZE AFAMY 2LQAED MEALVEA A
ANel z2H 1 ot (Andrew et al, 2000). H{EZE UAAR F At wMEsHe Hrled
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E43 BAY dTE Lioyd's Register Engineering Services (1993)¢} Cooper et al (1996),
Cooper (2001)& FHLR FE3 o]FAx YA, olA7A FULHoz A d8ALHS
SAZE @ gAZj#xdA ] Ao dEF WEF AL Andrew et al (2000)9] ITFE A )3}
" AL o]Fo|XA g1 th

HT vz 5 AYIEL WE7t2 FARLE 7€ E28& AFoM v=2 4 437A &
WAL ges, FEUGAME oo dig dANAE MF=2 Utk 53], FAFLE T3l
HERE A% F A4, 337 T wiEVt2: AN slAHR 31, Fo AW AFAER
FAH WEFtAFA dAsr] A ATAE FFen Jo, ety A od did A
3, 713 FAEJ vESR AFHd (HYF 5, 1999). .

24 dAFGE 28 Bz & A ddgde #d A7/ BE3a, o983 &R
AR AZAAF AFHE AR AR A& YE Aot oo B AFAAE I UAXNF
S qEoE 4F & FHE o839 72y LH9EDSE AT ¥ Y 29829 ¥=8
TAZ @A USEPASY F3WHot o&dtn gle &3 AW UE U A= tAxFd 3
48 & AE N2 FATYEES MEstd S AA AT £ &3A PHE ALSHA

2.M&F 3 ¥

AR dAXFAAM wEHE drledgdd wEFE FIe FYPe A FAFFV
(duty-cycle) W&, 7138 iil (throttle notch) W& ¥ Q8 AL FE o83l F3e YHPoR
U¥E 4 %19 (USEPA, 1998).

AFF71d Aule 53 2= A A dlE 73 A2z AP F}, S5 FAA A
£€ Azt v &S 9uigch USEPAY olF L9 U@ wiEr|&e &4 FF5F71E 743
& H2EE He 9 H2E FQqN W& AF3}e Aolth USEPAS] wWE7]|&L & 19
Uetd Az o] FEFFINE F /A Rsz2 E2H3z U A WA AEFFVY AAR
(line-haul) REE F2 ZAYUE 1402 FYT w9 R=2A 3 73 (2 23)Y HlFe] =
o F A4 AFF7Ie @AY (switch) REZ2M F2 JIANN q71A o|g8 o, £& o F
UWE ol o, d& AxXFE AUY o T AEAF] AYE ALz oFdce B+
Heeln, FHAA A & (H £¥)9 v Fo] &L

AFF7E ol 43l WEFE T WY o (D Jdehliglen, of & E 19 4 2=
W HEAE 2APE o FAFF/A e 2dE3d (HC, CO, NOx, PM)9] AF wi&d
(g/bhp-hr)& T+ & Al '

E yo=2 (M ;(F )/ Z(BHP ))(F ) 1)

A71H, E g4 = 3537 A28 2 ASSAH0) Be o98d i
(HC, CO, NOx, PM $)¢| 2% #&& (g/bhp-hr),
M = mode jo) @ QA8 io) A% W2 g,
F ;= mode jol tid E 19| 7131,
BHP ; = mode jolA &738 A¥73 (brake horse power).
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Table 1. Weighting factors for calculating emission rates emitted from diesel locomotive
engines (USEPA, 1998).

Test Locomotive without Locomotive equipped with

Throttle notch mode multiple idle notches multiple idle notches

Line-haul Switch Line-haul Switch
Low Idle la NA NA 0.190 0.299
Normal Idle 1 0.380 0.598 0.190 0.299
Dynamic brake 2 0.125 0.000 0.125 0.000
Notch 1 3 0.065 0.124 0.065 0.124
Notch 2 4 0.065 0.123 0.065 0.123
Notch 3 5 0.052 0.058 0.052 0.058
Notch 4 6 0.044 0.036 0.044 0.036
Notch 5 7 0.038 0.036 0.038 0.036
Notch 6 8 0.039 0.015 0.039 0.015
Notch 7 9 0.030 0.002 0.030 0.002
Notch 8 i0 0.162 0.008 0.162 0.008

Z 22 AFvtEY EHL uiFA 9 FHE ovse, I FEH7|Y L€ o8 o
A71BZ HAEqA ATeviEe 4 2 AAdSH, 4 Golur H2EAL] AFugEe d
A £=9 B3 o3 ALt

BHP = HP /A ,+HP,, @
71N, HP,, = IFLA7IG TAd7]44 A58 oY,
A eff = E%%@?]L} “2@7]9’] i% (%),
HP,, = 1229

A% =AE OB FAA Gde), Golu? A% % FFEE 52 TP, FFR=4)
Mg WE8Y BRE ol 3tel et 2ol YA BRoINY WEFE ALE & 9ok

2 e jol ¢ 998 i (HC, CO, NOx, PM $)% g/BHP-hr &, PMol t@ ASSA
Mg E e A @oz 78 + o

E py=PM grams|[BHP-khr = M py ... Measured BHP in mode
(3)

71N, M pymede= & HZE ZE=o] Ui PMe W& (g/hr)e Yebdct
AEAILF ABE 0|83y FE AR F N wjE e AAT S WA (g/0)9 98
AL (ki/year) S T 4 (99 2o] A ulE 8 (emission rates, metric-ton/year)2 el

4 glom oA 118 metric-tong short-tono.Z WM&l YA ALL3E R Aol
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(USEPA, 1998).

Emission Rates= Fuel Comsu}nption Rates (kt)

(4)
x Emission Factor (kg/ke) /10 ¢x1.1

USEPAY A€ 7]1&ae] dld] g/bhp-hrZ Yetlle HT sj&&S A4 Ao WMz &S F 29
Aot Zo] A dAR RER FEFS AL Uk FAY REE AR A AFE
E o ALHe REZXN 14 38 9 £4403 ALEE 2000018 o4 riga dAE ¥
etk 9Ag R AAY R2E A 200008 vwoeg AL dAY olF eSS
AHREE J1aA A3E X

Table 2. Emission rates for the locomotives (USEPA, 1998).

HC CO NOx PM
g/bhp-hr | g/# | g/bhp-hr | g/¢ | g/bhp-hr | g/¢ | g/bhp-hr | g/¢
Line-haul” 0.48 2.64 1.28 7.04 13.0 715 0.32 1.76
Switch? 1.01 556 1.83 10.07 174 95.7 0.44 2.42
Current Locomotive Emission Rates (1997)
Line-haul 0.50 2.75 1.50 8.25 135 74.25 0.34 1.87
Switch 1.10 6.05 2.40 132 198 108.9 0.41 2.26

Y Line-haul locomotives over the line-haul duty-cycle.
? Switch locomotives over the switch duty-cycle.

3.d5% 4 13

314 29 W33 v

USEPA 2=d 9%t wi& % F3Z239 KoRaill =9 @ wWig % 32348 45 23R
o B 39 Z Red A3 e F FHARE BYU NOx9 73¢ USEPA A& ufj&Fo] 264
7t EA Jdebdeu CO9 79 KoRail ZE¢] & wjZFo] 238 16M71F & o= &
A=,

E 49 9xFH¥ NOxst CO9 wW&® FRA(E 43 wadt. EAX USEPA%
KoRail ¥ 7t4 REoA 44 FAtd] g LGEA wiEu&o] /I E%eH, ol 7|8
AxgFo|i, 24 dxtol A vl &o] Y BT ol¥A wWiEF FARAHAA E Aol7t
dE A2 e £39 /b & B4 WEAsd A7t vr) gEe|h

4 USEPAS} KoRall 2= & "2 RA Y USEPA REE o438 Wi F 334 P2 dF
AYe RA ALY REE ASF2E FF fPudddd Ax qAXRFA Jd eI FH
g wj= $uve AP LA LE REE AT, FY AFE Ao HAE dWE A
At Z2HE %L ol 4sA ALY KoRail =0 9 wjE&ASFE FH Lol & Aoz ad
.

32 224 4739 wEAs v

HEZS A F UAZigAe grledEd MEASFE 224 AW uEdr] M AR

dd
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A Ao daAr|gat 18 o dSAEH ARE ol fstd d oFAY F LHE
4 ME2F (g/km)e TS AR SPA (HE - 24 FHAA dArj#A [HAe] o] F&
e 229 Afe] FE 13726 £l o] #E olFAY (4443 km)E YFE 1,372.6/4443
km=3.1 £/km, &, AFA A dAr|@z 1 "ol 1 km ol Fded 31 29 BH/E
ZHch =3, AP (B — AE FHOME 443 km—\ FolM 14635 2 9 74%% AR
3 33 £/km¢ AHE 2EH o Ueigton, AR AN dBLRFS PRI
32 £/km% QABRE 2RHAT ABLIEF FS A ??5} ZAY REolX &ALt F3
o gAy|#a 17840 1 km ©lF3H=d CO% NOx7t 35.84%F 845 g/kme] vl& & Ao
Ado, dAZIAe] EAFE 224 A2 Hasted B 5o AAFAT. EAAM COY 7
Wy e 1312 g/km B ¢k 3uf, NOxo} A% 6647 £ Ro g vebwrh

£

oy

& E

+

4.3 &
E A7e AE UAAFE AYdPeR 3o, A2 #4o nzxHA e HEES AW F
Az stz o wEFE USEPAS W& 59 KoRail =9 &Aoo o4 WyoR
ztzt FAstgeh
E AFNE 24 AR wEF Ao ditd oz ALgHE USEPAS WEASFE &
M WEFe FAHn, FU BT LT F+ Jv A2E FHTYY KoRail =S A2
stk USEPA 2= ¥ 0|3 x¥o) 2 X 7AFAE Fod, =2d Nu7ts 3238

Table 3. Comparisons of NOx and CO emission rates for each mode.

Modes USEPA (short ton/year) KoRail (short ton/year)
Pollutants Line-haul Switch Total Line-haul Switch Total
NOx 18,704.7 94123 28,117.0 6,906.4 4,052.4 10,958.8
CO 1,841.7 990.6 2,832.3 2,930.0 1,692.0 4,622.0

Table 4. Comparisons of NOx and CO emission rates for each train type.

Modes USEPA (short ton/year) KoRail (short ton/year)
Pollutants Passenger Freight Others Passenger Freight Others
NOx 12,238.6 6,465.8 9415.1 45189 2,3874 4,053.3
CO 1,205.0 636.6 990.7 1917.1 1,012.8 1,692.2

Table 5. Comparison of emission factors between on-road engines and diesel locomotive

engines. (unit : g/km)

Classification CO NOx HC SOx
Passenger car (diesel) 2.60 0.44 0.43 -
Small bus (diesel) 1.28 1.44 0.10 0.08
Large bus (diesel) 10.97 12.36 155 0.10
Light-duty truck (diesel) 1.67 1.48 0.15 0.08
Heavy-duty truck  (diesel) 13.12 12.70 1.64 0.10
Diesel locomotive 35.84 8450 - -

-471 -



AL&3 Tt olo ¥l KoRail =& &3 A qo @A w=xd 71FXE Fo9, USEPA 2=
ge 28 =2 ALZF 3F @& A KoRail A48 2=9 3¢ USEPA =X 7}
37 g3e di 9 4L 240

USEPA R=g °] 839 &3S AT 2H 2001d & & 5 F3o)M =g s
Wl &5 & NOxE 28,117 ton, COE 2,832.3 tone 2 %’851315}. KoRail =& o] &34 W& dFS
A% A7, NOxE 10,9595 ton, CO= 4,622.1 tono] At} )

FE FEugedAM Fx dAAEd A WEFS FAE g sUvE A 2A g
REg AHEE R, FY AFS U HZE A3& MAsY 239 #e OI%E}W k]
KoRail Z=9] && wWi&A+E A Lslor & Aoz wadt

ZaEd

BYE, d9%, FAE, 9E+F (1999) =28 AMVAY 298D HEF AR &

AT, S8R 83 A, 15(3), 317-325.
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