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Abstract

Up to the present time, many methods to estimate emissions from a particular diesel engines have wholly
depended on the quantity of diesel fuel consumed. Then, the recommended emission factors were normalized by
fuel consumption, and further total activity was estimated by the total fuel consumed. One of main purposes in the
study is newly to develop emission factors for the railroad diesel rolling stock (RDRS) and to estimate a total
amount of major gaseous 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. When applying the USEPA emission
factors, total exhaust emissions from the RDRS in Korea were estimated by 28,117tons of NOx, 2,832.3tons of
CO, and 1,237.5tons of HC, etc in 2001.

In this study, a emission factor for the RDRS, so called the KoRail mode (the Korean Railroad mode) has been
developed on the basis of analyzing the driving pattern of the Gyeongbu-Line especially for the line—haul mode.
Explicitly to make the site specific emission factors, many uncertainty problems concerning weighting factors for
each power mode, limited emission test, incomplete data for RDRS, and other important input parameters were
extensively examined. Total exhaust emissions by KoRail mode in Korea were estimated by 10,960tons of NOx,
and 4,622tons of CO, and so on in the year of 2001. The emissions estimated by the USEPA mode were 2.6 times
higher for NOx, and 1.6 times lower for CO than those by the KoRail mode. As a conclusion, based on the
emission calculated from both the USEPA mode and the KoRail mode, the RDRS is considered as one of the
significant mobile sources for major gaseous pollutants and thus management plans and control strategies for the
RDRS must be established to improve air quality near future in Korea.
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FHgH oz drieq WEd & A
I 2 =28 AN WiEHE 29
Me o= AR FAL 718 $A
2, Adub g Ak A, G E A F ) 52 2388
£ ¥ =24 (off-road) o] 5@ 2J& 2dEA
Wl &2 Aol HAsME =27} 718 o]zl He)
ek H2 e 224 28] % 29 ER
W& Aol Al RIXHAM Aoz
FAZ} w38 v =24 Aol djs) WAle] s
3 9ok (Andrew et al., 2000). o]l wel, v)3-g- H)
23 AAZTEL VIS FAUNLE 7)Y =R
& gl M vez g g7 LT o
], =A ke B3 vizg oY F Aduk &
7] 59 wWi&7ks JpAluele] vl glen, 5

Nz AZAREE FAH W E7kagrAel 9 A8t
A% AFAE et ek
v vi=2 W7o el W& A 2 o

S AT (1999, 1997)3} 771 = (2000),
1#7) 5(2003)9) dolM 747149 5714 5
& FHoz 9y ool ¥} glent AAHQ A
£7b w g Agoleh B3 dr)eiad B
(source inventory) 7\&e) #|3F A= Wi W)
Zrd=)s) ARkt 24E W2 e, ol
L ul2AF Azl Wt BA e B8 Aee
jRles A WEESE s ool

27 wfolch 99 H9olx HE2 g AR
2 F5eh 389wk AR, s 2ol
W A 2gA-TG EF Aol BFAT A
A o]t} (Andrew et al., 2000).

u]== EPA (Environmental Protection Agency)el|A]
 U=zg QA7 12709 F3t o= 18] o)
v AEE Ho| A dxleletw FAsT
oIoH(USEPA, 1998). 2 9723, Rl=2eA A}
453 gJ FAdlAle] NOxel At 2539
Fg odgo= waA 3w 9lv) (Kittelson, 1998). 1]
=24 tAdda F A wMEHE d7e9E
A3 PBAE 9T+ Lioyd’s Register Engineering
Services (1993)2} Cooper er al. (1996), Cooper (2001)
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Weldos o deess 2= B SRR
e wirjedEd wEF AAL Andrew et
al. 2000)2] B7% AL A2 S uh gl
SEvell M FAcdAle] sEFdzIRe A4
sgel £1 Am A4 xes Aol %
el $astthe olf2 diE Axdel o
QAL A4 ook A AR e A
o3 7|29 EA EFE sz 7Ek Ak
RBEo) &) nad o A2 Helx|uth, -2l
2001328 71Fe= Az oF 39 23% #E 9
28 Awsz glom, Ao Ay PEES
Zb of 8249t om A o £E3FS oF 62%
AR sk gl erh(Z7 R, 2001) o} 7HA] i &=k
Ak A= o] Fe1AA] 43 At
A=A xlee o)A 7] #x} (diesel locomotive)2}
o) AE 3} (diesel rail can)® W= 4 Qo) vl=2 4
A=) HA7| A= =24 Wy dAdAlsE o
2 FEALAAE 7T e dred Es
Az g =24 Az Azl 2y E 7]
AR ANARE 2AZell A LA, A7 H=}
E gAdzeA AR evAz F8A7] (main
generator) & T-E38LIL, H7]A A7)eUA]E LAY A
71 F, o] AZ|AVAE o] g3 AF (whee) & 75
3 oha 2 AAR FAE otk =8 g4
F2} AR = FHE Fol7] A8 wiEvkv) 4A
o5 o)i}o g AkEslH E]RIF7] (turbo charger)7}
FEHEH, o] A7z A3 =28 OAIAA=
g2 553 ijEEAAE BAg (Al §, 2003).
2 d7eMe Aty 3 A aaE o
Aoz AN WEHE drl e e
=4% Sl TA sedeh 291 WA wF EPA
5ol g=st1 e iEF AREE sk, =
v $WEA 723 e AubEE e

A shsiek.

[2: 9

2 o R

2 AEciExt & YUY

2.1 USEPA = Cof of&t &2 ARy

drdze g A7) g2 & A S (emission
factor) = 7Vks] =m0 @] AnEk] Hs) A7) F
o2 w2y 29529 FF3k (kg of pollutants/kg of
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fuel combusted)& 2|w|gte}. olell wel 2 QEA 2
= MEF2 o5 A (D)3 3ol 8 & ot

ER = FC X EF (H

7|4, ER& g
rates, metric—ton/year), EF= €7}t
(kl/year). = W &AH 5 (g/h2A A7 F0984 ﬂﬂa
F2 M EA 5 (gDt ABAH-F (kl/year)2 F3 7
< 10°0.2 ko] £ & metric-tone short-tono
= wWnsk) sls) WEAS 1L1e Foel 1 4
At
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sk o], 1% EPALA] ALl AAY AAE
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Az FRach AxcAsgel o8 A7 W2
b lERE A £ 9 mEe Adsge
v, % ZA3 NOx, CO, HC F Hl=24 qlxl9
F AN 7| ed A HE A7 S &g
2 239
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o) Fol] A AP B aHT 4 gl
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Aol sxA7 Wk 2 AFeIAE ol Wy
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Number of diesel rolling stocks }

ffi;&é] consumption per year(L/year)
Train type Line type
T77 Mode of rolling st(;ck (%)

Switch mode

Line —haul mode

l

Emission rates by each mode (g/hr)

l
l

Total emissions (tons/year)

Train type Line type

Fig. 1. A flow chart for estimating total emissions on the
basis of fuel consumption from diesel rolling
stocks.
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BHP = HPoul /Acff+ HPacc (3)

71X, HP,, = mFEA7 HA7]M ASE
u].erl

Aeff“J-L'l‘?f"HEL A7

oo = BE2EE,

ZJEX}EH JJ :ﬂlL 1-*4*4 (1dle) Soluie] A
R
oMo W& AFAE o] 83l TAITAA
o wiEE AXE 4 9l

7zt 2= joll dig 2 JEAi(HC, CO, NOx, PM &)
9] g/bhp-hr %, PMol| =3 A ESA & B
AR 7 5 i

719 &£&(%),

Epy = PM grams/bhp-hr = Mpy 504/
Measured bhp in mode 4)

A7NM, Mpy mose= ZH HIAE 2=0) di3 PM2
] 2 (g/hr)-& Vebds)

ks SAAaE oo, 7R

Armeor 7+ eAEATd Wi Az
Mot 24 Y A S 4(5)1%/:_]‘34_ 2 A (6)
= 3¢ 4 o
MX mode = (DX/I 06) (DVOI) (MWX/Vm) (5)
My e = (WX/10°) (WVoD) (MW, / V,.) 6)

Table 1. Weighting factors for calculating emission rates
emitted from diesel locomotive engines (USEPA,

1998).
. . Locomotive equipped
Locomotive without .. multiple idle
"l;l:)rtcc)tt:le rggzte multiple idle notches 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 5 4 125 0000 0125  0.000
brake
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 10 0.162 0.008 0.162 0.008

2 71835352 A 20 Al45

A71A, X L9EAY F5, DX+ A 270A
&ﬁ%’“ X9 &% (ppm 2 ppmc) WXEe $A=x
Zelr 298 X9 = (ppm &2 ppmc), MWy
& 29849 B VS AR
W &7k 43 (ft/hr), WVol2 $Al 274 ul
37129 £4F(h), Ve EFLES Y 8
SI4) 7k 1 2] 33 (0/moh & x|,

3. o7 5l 2y

3.1 uigotA HFUY
97123} A6l A WEIks =4S SAE
procedure J1779] Aol wglon] &AAx= &
3 29 @ A0e FEehn AU ook AA%
X (rated speed)g} 23lollA] HA4 1087} 22 25
=} elo] ARAeel =25 HUgle de
"’h’} @ WAL 7t FeoA FHA 2087 A5
%, zlo] HAEF o] wiEEA o] AT wiEH
—‘:"4] A28 FE A7) HA 108, WEEL] A &
L3 Azte] A& 587te|vh. @ 7F RS Wit
B 718x ZZ37 RA A (calibration curve) S
23E 2 m=d 93§ CO, CO,, NO, NO,2} 7|53
o] iR} 3% gt} AlwE FHsk 7S5 7}
24 BAle] wiEEAE gAr|RR) 9y 23
obo]l E(2.3%)NA 22:%](11.2%), 4=2](33.0%), 6
2] (59.1%), 8% (100%)7}A] HAMWEZ Z7IA)7IHA
FAeA A=vAAFS o 43 W7 gEAle
ZAo] et Bt AT 82 w5 (2003) %
Fud 4 gleh
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Fig. 2. A typical driving pattern of diesel locomotives on the Gyeongbu-Line from Seoul to Busan (KNR, 2001).
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Table 2. An example of frequency distribution for each notch applied on the basis of a specific distance range of 50

km on the Gyeongbu-Line.

Notch
Distance Total
0 1 2 3 4 5 6 7
L1  07(18) 189  18(10) 04(11) 04(12) 0723 0724 17D
30(4) 1335 07319 1335 075(13)  075(14)  02029) 15(3)
1.1(6) 0227 07(20) 1316  0.7(22) 23(5)
12(8) 0.721) 177
. 1.4(15) 0.2(28)
Distance 3.6(17) 0.3(30)
12(25) 3.9(32)
0.2(26) 1.3(34)
1231 40(37)
33(33)
0.7(36)
‘(\i.““m“la‘e 18.0 20 272 38 335 1.85 0.9 0.7 16.7 50
istance (km)
Probability 0360 004 0.054 0.076 0.067 0.037 0.018 0014 0334 1.0
W Algulee] A4 A8 A AEE Ao|vt mellM F 2000
_ ~#- Oxygen
§‘]X'] (0)—‘] 1. 1°] <, o 75'1 EH O]%“ﬂ' 7'131 11 u. [¢] Excessai_rra‘lio‘
km elvjap Fate] £AE A T A A g 1 - | 4 Codondoide
A% deEmsold ole} e Walow HA S0km  § . T
F2boll o =AE AHgER Poa =X b E 10
WEE Pk, o 720 w2 Ahgale HE |
& - .
e & 4 9o} w9, A - sl x| =24w) O S R )
&3 7R ARE MR 2gsisen, XY F v o - T
wjol] o}g X9} AW AolE BTk o 20 20 o %0 100

4 2o g)@UR W iy

AFor] = 7kx] whglo=m A o)Az}l
ot Az F edEA WEHE AL 1 F
e FUdAE dubdoz xaE 3 9E ulF
EPAS] W|ZA 45 o]g3lglon, & shis £ o
F2 =3 7138} KoRail vl &4 52 o]-2-35)9c} vl
ZA4E o]43ly wiETFe 253, vl EPA &
=0l 9§ wjzek 2AA2e} KoRail m=d| 2J3t
wEe FAANZ Az vwsgde) =3 A=A
7133} 19 A0 7 dRASH AEE 2R &
QA wzRe 7o AEC ARG B edE
A A 5E 228 AR vl waeh

ek r}E 5

ARG HA A 204D A4z

Rated power (%)

Fig. 3. Variation of oxygen and CO, concentrations with
increasing engine power rate.

4. da gl =9

4.1 NOx % CO s

A7 B2} &7 2AANE ® 39 el
Pt CO,0 2% (%)= 13 3o|A9) Zo] L3A

2=oA 1.5%F B T A}

A 5.9%= vielytc). =

I A AT (FA)

e CIECES

gk CO 5= (ppm)®] 7-¢,
gubd o g FAu} HE&45 CO y=7} 7R3
5, 1996), & APAAM=
a7 40 Jepd Az o] dAE

ol Hejze)
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Table 3. Characteristics of exhaust gases for each engine load.
Items Temp 0, Effici—ency N o, Gas concentration (ppm)
Engine load (%) O (%) (%) (%) co NO NO, NOx
2.3 (idle) 101 18.9 72.4 10.45 1.5 110 201 33 234
11.2(2 notch) 174 17.4 69.1 5.94 2.6 147 329 30 359
33.0(4 notch) 268 15.2 69.0 3.62 43 257 610 20 630
59.1 (6 notch) 362 13.1 67.7 2.66 5.8 1,069 839 18 857
100 (8 notch) 371 13.0 67.5 2.62 59 412 1.150 32 1,282
Mean 255 15.5 69.1 5.06 4.0 399 626 27 672
SD” 118 2.6 2.0 3.30 1.9 393 384 7 418
"X : excess air ratio,
> 8D : Standard Deviation.
1500 H &3 27 3137 A e 2AY e
j) T7HE A Foll AT A=o daF 3rE A
2 . A (gAEl, 1984). e ohA) o ik Al
& a0 R ANE Rt F7HESS TN B el
= =, - =
E Fau)el ghasl wet YRtel W&ol Fobshe A%
ja Q - -
g 600 & HoAnh B Ag7)el o8 377 37 FF
&l ° 1 g 7% 4z ol oA Fagcin va ® e gl
- o) [ | - CO
a & © NOx =} (Burscher et al., 1998).
0 ; = 3 o] k=4 (stoichi icyo] 37
0 20 40 60 %0 100 NOx¥: 387t 719 F&4 (stoichiometric) ©] 17,
Rated power (%) 257l ¥& 9 A" g2 Qe dA A

Fig. 4. Variation of CO and NOx concentrations with incre-
asing engine power rate.

2.3%o)A] 110ppm& vyepd & 59.1%)A =gk
ol 1,069 ppmeolglom, HAEHAAE 412ppmez
FA3] Fashe A3 veple of=d d44s 3
3] 7g37) sl A8 Haesdd dgt A=r)
. asix|at, d7ixe) AgAzgz = A7 BA} &
A2 Bl1 Bg7)7L 2] SA AT J3FE n|
2 Aoz Almgch HF7)= A Ao £3-0)
A e 2 2HE d] f8A di TS SO
7)a1, olol A5t A8F7HE A7 S8l
71 =g W75 ol o= sIsksle FgEe A
15 e (A4 Z24) 1991). ©A7] A3} v E7ta
dubg o= oF 1,000°F(538°C)2] &2 4=} 14psi
7heke] o= g A3 gle] ZhAENIE 75 ust

Wi

rlr

ANIAE Bfslm vt AARS|eIA of ujErta
Z el @ (wheeDol] 3F3hd F7143H71E 53

AhFgo] £E5F NOx7} o] A H o) (Janet er
al., 2001). NOx9] wi&2 ¥AHI7[E 25AY 3L
AL FAR3std 2FAAZ 4 9lth (Heywood,
1988). NOx&] % (ppm)= A &He] &
2.3%<04 234 ppm, HHEHAA 1,182 ppmez o
A& o] F7hgel wet Folstda, wiErts 2=
7} Aol wel Aoz ZUlEY. dAES
(%) FE 23%0A 72.4%, HEHNA
67.5% %, %o F7t¥F Azt 7kl 2l
7181 PR FEEE Z e v)HE Ro
2 B3Egl=1 (Kittelson, 1998), & A3} x&
ol HYEHY 2.3%A 104500 0} AbrsE
o] ztae} A Aa) Fasle] AzEHe) Hay
9] 59.1%9l 4 2.66, ) EH| A 2.628 vlepyith

4.2 USEPA 2Eof 9|8t uf&EZ AH

4.2.1 042 28

ARAEF Ahgell & 49) w]F EPAS] m=3 )
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Table 4. Emission rates for the locomotives (USEPA,

1998).
HC co NOx PM
g/bhp-hr g/l g/bhp-hr g/l  g/bhp-hr g/l ghbhp-hr g/l
Line-haul” 048 264 128 704 130 715 032 176
Switch? 1.01 556 183 1007 174 957 044 242

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

Table 5. Fuel consumptions for each train type.

Mods

oce Line—haul mode Switch mode Total
Stock type
Diesel locomotive () 215,632,657 42,623,695 258,256,352
Percentage (%) 83.5 16.5 100
General rail car (/) 4,135,702 12,257,062 16,392,764
Percentage (%) 252 74.8 100
Other rail car (/) 18,031,326 34,532,785 52,564,111
Percentage (%) 343 65.7 100
Special rail car () 17,588 19,506 37,094
Percentage (%) 474 52.6 100

8 (D& 83t A A= A, AFEF
H e ARG A® =AY WSk e
7t x| QarbgFge 2= e avFgE
Ak Frolmz wiEEke A3 AslMe 9=
AHSEE A Rl wel me=e RRsof
e gelue & 59 A= AFTHE A=A
AmdAM A4 HES FAT Jo] AAY Rz,
7[ebt @A REolms F ARAMEF v 4
sz u)EE T el HA7|RxR= A
g m=o] n)go] 83.5%2 e B9 16.5% B
o 453 3, el 5453k SHEAY A
A RE B ¥ Ao v

4.2.2 =M isa

AT 4170 x=Ae)A 2001 3 & 9 vlZ® o
712 98AE xAH2 AT A3E = 60 el
Yglel. NOxe) Z2ke 28,117tono 2 o3 AAE]
woo o3k cfo] 18,704.7tone2 A NOx wjZ&
9] 66.5%% A Fon, DA 2= 94123 ton
o] wjEH o] AA wjEH2) 33.5%F X3+ 7
A9 79 AA & Aubo] Y 52%¢l 3
=233 14,612.1ione] NOxE ¥&3 Zleos AMAE

sk 7] 245t E A A 2049 A4z

Table 6. The fuel consumption and emission rates of
NOx, CO, HC on the basis of all Korean railroad
lines.

Emissi tes (short ton/
Fuel consumption (/) Pollutants mission rates (short ton/year)

Line-haul Switch  Total
NOx 18,704.7 9,412.3 28,117.0
327,250,321 CcO 1,841.7 990.6  2,832.3
HC 690.6 5469 1,237.5

Aot A F8 A AA NOx &3 A
2 14,612.1ton (52.0%) > 3341 2,448.6ton (8.7%)
>0} 2,026.5ton (7.2%) > HetA 1,503.3 ton
(5.3%)>AAA 1,098.3ton(3.9%)8] &A=z Jelyt
o}

CO2] Zg2 28323t0ne 7 o|F A7e] mro
2]8} oFo| 1,841.7tono 2 AA CO WM&} 65%%
AA g o, drie] oo 28 990.6tone] ujZE
el HA wiEF2] 35%F AA AT NOx s} 3
7IA 2 AR 7S A wEFe] Aule] Wi
52.1%9) 33k 1,476.1ton2} COE wjj&st 7o
2 A A Fo e 9] AA COowE
o ABRA 1,476.1ton(52.1%)> 34 245.8ton
(8.7%)> 2}l 203.0ton (7.2%)> A=t 150.3 ton
(5.3%)>7AZA 110.0ton (3.9%)2] ¢ =2 ehgdol

HC2] &2 1,237.510n22 o|F A7 2o
2]t go] 690.6tono 2 HA HC v &ae] 55.8%%
AAYom, AT Bzo 23 442%q s}
= 546.9tono] WEE e FRA A4 A HC
w2k 53.1%4< 656.6tone W& Aoz AR
Hodoh A 8 =ACA S HC wiEskE AR
oAl 656.6ton (53.1%), 334 105.0ton (8.5%),
2o Al 85.5t0n (6.9%), At Al 62.6ton
(5.1%), 223 AAA)A 46.2ton (3.7%)S wl&st
oz eyt

4.2 3%2H =g

Ax Asbd wlEeF A ZA3ge & TdA HEo]
2001 & ) B}t Ax GAREe)] o) wWiEE o
719987 FgFo] NOx:= 28,119.5ton, CO= 2,
832.4ton 18] 3, HCEx 1,237.6tone 2 AL =T}
33 59 NOx, CO, HC®| wj&a& A Axs
Jep ek 236l NOx2] 75 AA W&t 2
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Table 7. The fue! consumptions and estimated emission
rates of three major gaseous pollutants on the
basis of the train types.

Fuel Emission rates (short ton/year)
Classifi cation  consumption
hH NOx CO HC
Saemaeul 28,079,942 22085 2175 815
Mugunghwa 96,802,580  7.613.5  749.6 281.1
Tong-il 17,735,028  1,394.9 1373 515
Bidulgi 223 0.0 0.0 0.0
Other passenger 408,579 32.1 3.2 1.2
Mixed 2,587 0.2 0.0 0.0
Package 7,873,693 619.3 61.0 229
Out of service (pass) 4,705,386 370.1 36.4 13.7
Ordinary freight 81,223,175 6,388.2  629.0 2359
Other freight 220,879 17.4 1.7 0.6
Other construction 765,201 60.2 5.9 2.2
Total 237,817,273 18,704.3 1,841.7 690.6
Single unit 5,685,192 598.5 63.0 348
Switching 12,015939  1,264.9 133.1 73.5
Testing 68,823 7.2 0.8 04
Helping 4,897,012 515.5 542 300
Un-govern 66,771,082  7,029.0 739.6 408.4
Total 89,438,048  9.415.1 990.7 547.0
Passenger total 155,608,018 12,238.6 1.205.0 4519
Freight total 82,209,255 64658  636.6 238.7
Other total 89,438,048  9415.1 990.7 5470
Grand total 327,255,321 28,119.5 2,832.4 1,237.6
3 Passenger W8 Freight 8 Other

NOx

CcOo

HC

!

0 50% 100%

Fig. 5. The estimated emission rates of three major gas-
eous pollutants for each train type on the Korean
railroad.

of 280l & Wi E=Fo] 43.5%, 24l 3 wiE
ol 23.0%, 71e} A=xjakel] sl 33.5%7F wiE
HelFoh COt 44 =Xk A A w)
E%9] 425%, BE8 Al SsiA 22.5% 18],

dEA e wiEF Ay AL 547
=3 (single unit), Y3k (switching), A|-$-#(testing), B
7] (helping), F)A) o] (un—govern) § 7|e}el] 2|34
35.0%7) wiZ2E Aoz FAREE HCY 7% o
g Hxajefe] ofaiA 36.5%, 3HE8 A3}kl
oA 19.3%, vpeA] Hexpegell o)A 44.2%7}
W29 Aoz Jeldtd NOx, CO, HC 5 7+ 7]
ogede) A FHY hE ML AN A
o] AA 41.4%F A om, dAe] e s
3= Jebrt AR Y 36.7%, 183 3HE4 xjeFe)
21.9%& 2}=)3)c}.

4.3 KoRail 2 Eoj 2|8t thr7|HEE vi&EZ

4.3.1KoRail 2=0j MEE 715

Axcisteels] WEHE grlegdeae) Wz
F& Tty P AA EASE Ao
ek A clale] SN BARlae]
w3 g Ralelae] e g B wWEAEE st

£ 4 gleh B dTelME AR AT 4443
kmell dsled He)dzlate] vizskg A7) 9
8, £ = Azl Qzksted DAs)RA) £ 5
Wg ¥A3et ofw) Bl A HA] )2l
g ARl zfol}t 27] whe] EF Ao
A7ske] $AshEle stetstget.

KoRail @ =9] 7iube]] &A], A o)Al 7| 2x}e] £
AYE7} A A AEEE wAe] UEsh 5
shoha 7hgskadeh KoRail 2=2) 49, 494 770
& durdos Yo, e F2lE FU5)
A Hgsiedek Fu2 vlF EPA BEx wx9) 4}
FUEE LS 71FoR AHIUAT B AT
A /s KoRail 2= Ag)E 7|Foz xX9)
Al e S AA S o) wat ul S ARE o o
A7 B2 7PhEA] d7l g gAY Fh e 1
2lakA] kgkom, 33 F Aol A wiEE
W& Aol A Al Yt

AEAE Asder TR W, A7) Bx)
A M o Aozl et ol xAHE
Tl polz AR BE}7} Mal7] wjFel Jehbes &
dolet. el = B73la, xAH 7HEES Al
A 8] FellA setsld A U vjEE
ettt &, A xee] A9} B & 38T A9
AdlA| B2 8% wje] Fulrt o =utelgichd, F
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Table 8. Estimated driving patterns of diesel locomotives on the Gyeongbu-Line.

> Notch 0(1) 2 3 4 5 6 7 8 Total
Distance
0~100km 0.343 0.040 0.046 0.085 0.094 0.030 0.023 0.339 1.0
100 ~200 km 0.438 0.030 0.044 0.056 0.036 0.031 0.071 0.294 1.0
200 ~ 300 km 0.385 0.081 0.057 0.090 0.065 0.035 0.037 0.250 1.0
300 ~ 400 km 0.349 0.032 0.043 0.052 0.044 0.061 0.053 0.366 1.0
Average 0.379 0.046 0.048 0.070 0.060 0.039 0.046 0.312 1.0
Percentage (%) 379 4.6 4.8 7.0 6.0 3.9 4.6 31.2 100

Table 9. Emission characteristics and emission factors for NOx calculated by the KoRail mode.

Emission Einission rates Emission factor/power Emission factor by
Notch Conc. (ppm) of NOx Ipower (g/bhp-hr) the KoRail mode (g//)
NO NO, NOx (g/n) {g/bhp—hr) Line-hau)  Switch  Line~haul  Switch
oy 201 33 234 746 9.95
2 329 30 359 1,143 3.18
4 610 20 630 2,452 2.32 5.08 791 26.4 412
6 839 18 857 3,614 191
8 1,150 32 1,282 6,207 1.94
dg F7HE BellM AR 23 wi= vete] H7] NOxg COell W& wj&A 45 7dsigiet
w o] o] (B3} SHelA AstiAdS ks £ 9of] A 7|HALe] Btz E 2 NOx2] s}

A2} AR ghe] Wet = 82 AR Al elA
9] =39 7}5&E Haste] ehd Ho|o} mollA
3 (1222))9) 7}5-&0] 37.9%2 71 Eohew,
8xXo| A 31.2%9¢] Ao =AU &, FIH(
X)) 8xX7) A of 70%F AX sl Ao
EA = 7le} 248 A A7 10% wres
v G2 uieBE g welth

4.3.2 KoRail &A=
q

ARAE daem Beoridas AR
2HeT AR wme] e = EEe ot

slodet. whe, gAE]l et Fa et Au)od
Ao AL, we g A& oleE W derc
2A, *“51;‘4(1—‘1‘—7])"] AA 70% o4& AA|Fh=
SR e} ok M3 AAY, FFH AN o

A7 2o g +3H =Y} 9l 713 Yoz
Azt wret X7} 7bEE7) dEd] B dFME
w|=- EPAS =X 71588 AHEn 7 B
Ek xA ] 7LEgo) AREY, WEVA xS
29849 = 9 wjEg 5 ABFT o]43)y

gE 7184 A] A20W A4z

WEEE Al AAEAR. oA NOx:= NO
¢} NO,Z 33t 7ok NOx9) &8 (g/hr)E At
g "= NOst NO& A7 3t gratstadet. &9l
A7Fg NOx wj2&-& Rl me} Z7lsle] 814
A Hdf 6,207 g/rR Wi EEHE Aoz EAFYH
SHEHT NOx v Z£ (g/bhp-hn)2 F3b7} F7tst
o 23]y Zaste] FIA (1x2)elA Hdzk
9.95g/bhp-hr2 Bl F 6] iz 1.91g
bhp-hr& vepfe] T3HE & o o wiEE=
Aoz EMFAAS FHNEHT W& 4 (g/bhp-hr)
= A7E] BEolA 508 g/bhp—hr, FAz] BTeA
7.91 g/bhp-hr2 A=)t} KoRail v &4 4= ©
AAZvG A7) Az EHe| 3 NOx| W&
A4S Yuls, Mi2A 5 (g/he AT oA
26.4¢g/l, gAe] R 412gi2 ©re] REs}
oha A vebda

£ 109 A7 H=} Ralx7Ee COQ Fx9t
WEES AAkste] AlAstAR COL Wl &-& (g/hr)
& F3AANAM 307 ghrolglom, A Rs17} F71d
WEgo] HA Frlste] 6xAoAM AW

~
2N EL
T
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Table 10. Emission characteristics and emission factors for CO calculated by the KoRail mode.

Emission rates of

Emission rates/power

Emission factor/power Emission factor by the

Notch Conc. (ppm) CO (ghn) (e/bhp—hr) (g/bhp-hr) KoRail mode (g/l)
Line—haul Switch Line-haul Switch
Ol 110 307 4.10
2 147 418 : 1.16
4 257 918 0.87 2.15 3.30 11.2 17.2
6 1,069 4,162 2.20
8 412 1.991 0.62

Table 11. Emission rates of NOx, CO on the all of Korean
railroads estimated by the Korail mode.

Table 12. Estimated emission rates of NOx and CO on all
the Korean railroads.

Fuel consumption Emission rates (short ton/year)

/ Poilutants

0 Line—haul Switch  Total

127.250,321 NOx 6,906.4 40524 10,958.8
co 2,930.0 1,692.0 4,622.0

4,162g/hrg Bl F, HAEH 8xAelA] 1991 g/
hrz 232 ztashe A%E Badh ®elM CO2
22 WA 4% (g/bhp-hr)e AAT mEojA
2.15g/bhp-hr, ©7]8) ZE=A] 3.3 g/bhp-hrz AMA
F it} KoRail wl&A] 4= (g/l)e NOx&} S8 q9by
oz Abgsigled, A e A BEd4A
11.2g/1 dA BEedA 172g12 @72 ZxelA
o A vebdtek

4.3.3 oMY wijzet

Az 2p=e| KoRail 2= wi&Al4 7He
Hgsled F A=A wiEte AT A9
= 119 vYepliglet g 8 5 &3 NOxo| &3
2 10,958.8tono 2 o|F A E] mEe) 97 wlE
o] 6,906.4tono 2 AA W& 63% 71FS 3}
Azt v, DA mEe A= AA 37%4]
4,052.4ton2] NOx7} wiZ2= ¢l NOxe] -2 Ax
Aol o] Wl &eF vigol HA9 50% 7}-& 2|8}
Keom, 2 9 2dA (8.6%), 544 (7.1%), Akl
(5.2%) 5 F& xAdA ] wiEafe] tjiEE 3|
stgdch & 8 T vlEE COY 232 4,622tone.
2 o|F Al Zzol i wj&TFo| 2,930tono 2
A COviEFHe 63.4%F Akt e ==
o 98 CO vl &2 1,692.0tone 2 A2 36.6%
E A= Aoz AAEYR. CO QA AZ F8

) Emission rates
Fuelconsumption (short ton/year)
6]

Classification
NOx CcO

Saemaeul 28,079,942 8154 3459
Mugunghwa 96,802,580 2.811.1 1,192.6
Tong—il 17,735,028 515.0 218.5
Bidulgi 223 0.0 0.0
Other passenger 408,579 1.9 5.0
Mixed 2,587 0.1 0.0
Package 7,873,693 228.7 97.0
Out of service (pass) 4,705,386 136.6 58.0
Ordinary freight 81,223,175 2,358.7 1,000.7
Other freight 220,879 6.4 2.7
Other construction 765,201 222 9.4
Total 237,817,273 6,906.2 2,929.9
Single unit 5,685,192 257.7 107.6
Switching 12,015,939 544.6 2273
Testing 68,823 3.1 1.3
Helping 4,897,012 2219 92.7
Un-govern 66,771,082 3,026.1 1,263.3
Total 89,438,048 4,053.3 1,692.2
Passenger total 155,608,018 4,518.9 1.917.1
Freight total 82,209,255 23874 1,012.8
Other total 89,438,048 4,053.3 1,692.2
Grand total 327,255,321 10,959.5 4,622.1
Al ARA, A, Sl A Bl 27 o
2ol AAL ¥R AN Ao 2AbEY
<}

4.3.4 X2 whEa

2 120] A= xegd & AP EAE A sk
o} ZellA 20010 & & Sk A=c)dzlakel ofs)
&% NOxY 3L 10,959.5 ton, CO= 4,622.1 ton
o ez AgETh 19 6ol 49k 2ol NOxe] 7
S AA wiEe F oA Lo 25 wiEFe] 41.2%,
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3HEgo) g wlEFol 21.8%, T3 7|e} A=x} 4.4 USEPAS} KoRail 229 b|m
Al Sho o e e st 0 4.4.1 934 %2 v

AN 7 A = z]Ek olsla]l A u ko A .4, T9

;l»;;i%za;lj jl gf; iﬂ;fé@ﬁ; 2 AFeAE F 7P es A=c i)
ol 2sirl 36.6%7}F WiEE Zloz ANEY s 3 A7t & 993EA Wk AN 1 3
Aee) 252 PM, NOx, CO2] wl2e w]g-e o N :‘LMHE dupd oz ALLE T glE wF
& B oA 415% e Auaere) o LAY MISASE HE shie ¥ A1 S
A 21.9%7} MiEHo] AT} B8 A A 13} KoRail ungzﬂ £ o]4-3}9ic). n] EPA m =
weo] oA 634%7} Wl2E T SAe] mea) & o7 KoRail 228 SAS wlms|ud, v EPA &
Qs slet Akl oad] 36.6%0) Wan A —x o/1% RES RS F3A WEe] yu
o2 AAEgI (57.0%), 83:2]¢} W&o W& EA o] gl oni(16.2%),

=AM AZHE Haad ARSske ek W,

3 Passenger mmm Freight mmm Other KoRail R =& A2 B=of dsja s o4

oz ) Ao Age LWL BAs] 1A
N W 7RIS Fed e, =28 A 7 HEghs
X
Agsteleh AR mee) A4S FalA ulgo] 37,
Table 13. Comparisons of emission factors between our
KoRail and the USEPA modes.
CO
Emission factor by Emisison factor by the
; Pollutants the KoRail mode (g//) USEPA mode (g//)
0 50% 100% Line-haul Switch Line—haul Switch
Fig. 6. Emission rates of NOx and CO on the all of Korean NOx 264 41.2 40.70 60.50
CO it.2 17.2 12.10 13.75

railroads for each train type.

Table 14. The emission standards for the diesel locomotive engines in the U.S.A. (USEPA, 1998).

Tier 0 (1973 ~ 1999)

HC cO NOx PM
Mode _—
g/bhp”~hr e/l g/bhp-hr efl g/bhp~hr gll g/bhp-hr g/l
Line—haul" 1.00 5.50 5.00 27.50 9.50 52.30 0.60 3.30
Switch? 2.10 11.55 8.00 44.00 14.00 77.00 0.72 3.96
Tier 1(2000 ~2004)

Line-haul 0.55 3.03 2.20 12.10 7.40 40.70 0.45 2.48
Switch 1.20 6.60 2.50 13.75 11.00 60.50 0.54 2.97
Tier 2 (2005 and later)

Line-haul 0.30 1.65 1.50 8.25 13.50 74.25 0.34 1.87
Switch 0.60 3.30 2.40 13.20 19.80 108.90 0.41 2.26
Current Locomotive Emission Rates (1997)

Line-haul 0.5 2.75 1.5 8.25 135 74.25 0.34 1.87
Switch 1.1 6.05 24 13.2 19.8 108.9 0.41 2.26

! Line~haul locomotives over the line—haul duty-cycle.
¥ Switch Jocomotives over the switch duty —cycle.
* bhp : brake horse power.

27|27 58 A] A 2049 A 45
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1% 2 8x2)2] u]&<l 35.4%9} w]%d fFolch

2 139 )3 EPAS} KoRail 2.=e] 95 wjZA
(g/hE vlasle] AAsgen, ZlA )= EPA
o] wl&A|4= = 149 0= EPAS M md)Ads|ax}
Wl &7)F o2 2000088 20043744 HLH=
Tier 19 & A&3 Zoint. vluZ s}, NOx&
KoRail ¥} 24|47} #]= EPAS] wl&7]|& Mo} W&

o2 vehdst €08 A5 B2 RN
KoRail W] &) 47} v]3 EPAQ] u]&7]% xc} vhi
¥ A 4 2 U

E 159+ v]Z EPA 2=9} KoRail =9 wj&
A zlole] Aele FHs)r] 28, v EMD,
GMelA ZA3 HA7|fxte) wj&7ts S4atae}
2 d7olM Azl ddes HHT wEsia
24 AwnE vlmak ok WiEA5e Fo Al
2l w&7ae] Ztoly wiEAS 9 W&
A AT = kg wAA "o Rell A A&
I} AbaE = (D)ol 2 2elrt ddAIN NOxe] 7
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=

Table 15. Characteristics of air pollutants exhausted
from the EMD, GM engine, and a test engine.

EMD, GM" Test engine
Notch

bhp 0. NOx CO bhp 0, NOx CO
(%) (ppm) (ppm) (%) (ppm) (ppm)
0 17 20.1 161 102 75 189 234 110
2 395 177 493 44 359 174 359 147
4 1,035 155 869 46 1,057 152 630 257
6 1,971 133 1,083 152 1,895 13.1 857 1,069
8 3,159 123 1,097 328 3206 13.1 1,282 412

""EMD, GM lab report reference No. 77-9-11A.

A Wl Ay e 551

$- EMD, GM <llzlel|A va g4 A=A CO9
734 AlgalAlel| A EMD, GM <llzlof A B} 5w
2 A259)t}) KoRail W24 42 v EPA # 49}
vl ms) R A, ] e el uhel chax)gk Fo
Lsuj7beg Apelzt U AL o 4 e 5 A
= Azl M 9] vl 2AH 5 A48T 9, v]= EPA
WEA et 715E a2 A4 S ] AA el
A3 G2 0L A 4 9o

4.4.2 A Hi|E2to| HT

u]Z EPA 2=¢} KoRail wxol 2}3} wjzak Ab
AAAE A5 vlwsldch 2 1604 7 2ol 9
g w23 Abg Ak NOxe] A%, u]l3 EPA REo
23y wiEFFe] 2.6 vzt A A 2y
CO¢] 79, KoRail 2. =el] 2|3t wljZeke] ¢3]8] 1.6
W7t A 2AEGC 2 178 2 5HH2 NOx
3 COY v A A= A5 v|wE Aot =
o] A m]3 EPAg} KoRail & 714 REoA 44
Axjell 2gt 9 dEAl wEn| o] A wohom, o
£ol 7l A=abefolsdar, BHES- galel| 23t viE
o] 7} doket. olg} o] AR AT} F AolE H
ol AL wWiEAI 7} Rl Holy] wjFelr). SFA
o] EPAS} KoRail R=E ®lmd A, o=
EPAS] wi&aF A2 72 FA|Ql vl A5 ot
A AR meo)7] wien oz ) AxdA
Aol o3 &S AT Wi S A3l A
Mg =g Alg-dledeol &, £ BR A58 A
gllzlor sty & 7% 538 /L3 KoRail
W& 48 245t elgd o= Almsio

Table 16. Comparisons of NOx and CO emissions for each mode.

Modes USEPA (short ton/year) KoRuail (short ton/year)

Pollu-tants Line-haul Switch Total Line-haul Switch Total
NOx 18,704.7 9,412.3 28,117.0 6,906.4 4,052.4 10,958.8
CcO 1.841.7 990.6 2,8323 2.930.0 1,692.0 4,622.0

Table 17. Comparisons of NOx and CO emissions for each train type.

Modes USEPA (short ton/year) KoRail (short ton/year)

Pollu—tants Passenger Freight Others Passenger Freight Others
NOx 12,238.6 6,465.8 9,415.1 45189 2,387.4 4,053.3
CO 1,205.0 636.6 990.7 1,917.1 1.012.8 1,692.2
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Table 18. Comparison of emission factors between on-
road diesel engines and diesel locomotive

engines. (unit : g/km)
Classification CO NOx HC SOx
Passenger car
(diesel) 2.60 0.44 0.43
Small bus
1.28 1.44 .10 .08
(diesel) 0 0.0
Large bus 1097 1236 1.55 0.10
(diesel)
Light~duty truck 7 148 015 0.08
(diesel)
Heavy~dutytruck 1315 o730 164 0010
(diesel)
Diesel locomotive 35.84 84.50 - -

4.5 =2 & Tt wiFAT vjn

HlEz 4 A F G734 g7 egEA )
Z2A5E =24 A2 vlwslr] SsiA AR
2 - 3R Alel A Bl A R} 1 A o d'AMS
F A5 g ol&3le] 2 o)FAH T 29EA W
£ (gkm)ye T35l ARA s (Mg Bk
F7hellA HA7)RA; | HA o) o) Fded AR
Afe 13726101505} o] Fh& o]l (444.3km)
2 Yrd 310/kme ds48eS vepliglth =
g A (BAk— Mg Fhol M 444.3kme] F
7ol 4 1,463.519] AR5 An|ste] 3.30/kme] A
Anjgk Aoz Jephgdon, AR A - E3iAY
gAvERs FFsid 3.2 /kmelgot. dAEAu)E
e gM 8 AT ZeA Y wiEA St F3)
o AeAF 19 1km o] F3ed WEIF:
NOx$} CO¢} wj&A 4 ZHzt 84.5g/km, 3584 g/
kme|giet. S A7)#=e] W EA S =24 A}
B w3te] 7 184l AAIE Tk oA B HA7HF
k2] wjEA 47 COY A4 Y EH0) v)&] o 3
ul, NOx®] A% 6.6v7} v &2 7oz zAME.

j

o

5. 4 2
lE2g AA6 AT B A7 BEA,
29421 MEARE A7 A Agse 9%

Azl ojEata i AReleh olo] B AT

o 7|84 A) A 20W A4E

10613 AA FANY 29821E A5
AR 7)1 22 vlEEA S Ty,
2 29Ede) s 272 A 71T EPAY
Aupaloflut &3k ol &S ARyl st
AMAdieke g v A A A4 £ Qe
Mzg g sl Aol A3t &eH
Q) whebg Atsiaiet.

KoRail =2 w244 daxMoz AMAs
AR A= A7 R2e] AL FA 3]
AAe 2o Hst =X 7l5uEE slelye o
A 2z B¢ o8 71X AFeglezw g v)=
EPA?] x| 7}En)& & Akl 2h mze
HaE =2 AR S Foll A7 R3]} Al FHH, e
27k~ 22, WMEGEAY v= 9 &Y 59
A8E o] 83le] NOxg}t COoll A7 wi&A 42 At
A&kt

B dFerMe =24 319 wiE Aol dulk
A o7 AMEHE v EPAS] wW&ASe B AT-5
Z4] /f¢E KoRail wjEASE o 83t wiEsfs
AR} 8]=2 EPA 2= AAT mse Ae
379 v)&(57.0%)°] ¥ 829 & (16.2%)
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