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Air Pollutants Emissions of Locomotives in China Railways in Recent 33 Years
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(1. National Climate Center, China Meteorological Administration, Beijing 100081, China; 2. Division of Environment and Resources
Research, Transport Planning and Research Institute, Ministry of Transport, Beijing 100028, China)

Abstract: Although railway has played a great role in transportation in china, there has been no any study on air pollutants emissions
of locomotives until now. Based on the annual statistical data collected by the Chinese Railway Statistic Center, using the emission
factor method derived from fuel consumption, the air pollutants emissions of locomotives during 1975-2007 were calculated, and their
emission intensities and dynamic characteristics were analyzed. The results show that the emissions of soot, SO,, CO and C H, from
steam and diesel locomotives in china decreased from 3510. 6 thousand, 399. 7 thousand, 846. 0 thousand and 845. 3 thousand ton in
1975 to 78. 7 thousand, 11. 4 thousand, 36. 7 thousand and 26. 4 thousand ton in 2007, indicating a decrease of 107. 0 thousand, 12. 1
thousand, 25. 3 thousand and 25. 6 thousand ton per year, respectively. However, the emissions of NO showed an increase trend from
34. 8 thousand ton in 1975 to 98. 3 thousand ton in 2007 with an increase rate of 2. 0 thousand ton per year. The emission intensities of
soot, SO,, CO and C, H, decreased significantly from 686.2, 78. 1, 165.4 and 165. 2 g/ ( hundred converted ton-km) in 1975 to 5. 4,
0.8, 2.5 and 1. 8 g/ (hundred converted ton-km) in 2007, respectively. The emission intensity of NO fluctuated in the range of 5. 0-
8.0 g/ (hundred converted ton-km). Air pollutants emissions of locomotives accounted for very little of the total emissions in China,
and the emission intensities decreased persistently. It shows that railway transportation is a perfect way of saving energy and reducing
emission in the sector of transportation.
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1.1 i ki vt i
ABEFE T 1975 ~ 2005 4F (1) J IR BOHE ok Bk %
GET 0 % A Y 4 Bk B G T ORI g ) BT R
2006 ~2007 4F W ¥dE ok B SCRR 18 ]. Bdls N & %
A M2 8 bR ML 4 T 845 g0 80l DL & A4
(0 5% ) J B o R % JA i . FRIEL R L A 3ok 3
P AL, VRGN RRPL A R L4 28R L4
BRI PR ML 4 k0% 25 3 2 B R2 HE i CO \NO, SO0, |
C, H, R 2 2 R A 05 Yy, v BILZE TR fili R R g i
KB T RATT YR < FHEC BT LA R 2%
ZRIRAIL A N N BRI 4 ol o S Lo
1.2 BL4RATS G Y HE R TR 7
BIL4E RS G HE TS 1) Ak 3R B 3 T R kLT
FE 12 1 HE R T3, 3R 42k B 1) 28 VR 4 R Y IR L
KR ZMES (BIEAEEST B AR ERILE
o R ML ZE A SRR T FE B T A U R [ S AL 7
AR LS FER BUZE AT 40 11 B K b G 3. 45 BEARAF A
[vi] 55 B 42 1 R R AR R B A0 Y5 G 9 HE OK O, R
A PR M T L 88 SR K, SR R AL J1 6 B o T
FHE PR 7 oF S k43 AT R 4k AT 42 05 e HEOCIR
DLHE SR — 6. [A]E 35 224 A% HE B R T X6 3 45 0T 5E Y
i g B o o2 NI E & A 1Bk 5T T AF Ok
F O RO AN AR R TS e W HE TR T
L BB AT A HECE 7 34 5 LR E A 20 128 70 4
PR, 955 1 Fk 4k B0 i 41 2005 =X %
RHEEF 5 E AN 2E R, PRI RS R — 52 19 15 22 RS T
SEME. FEARBEFE T, R IR E 2R AT L A O K
I 5 AR A 08 HE T3 PR A Al B3 TR S0 G 4 HE i o - 3K
A B DT AT BRAS O AT A A R ZRIRL
) CO NO, S0, .C H, FAHARAFEH T A A R
M; x K,
Zy = =5 (1)
b, Z, W RHLE i A BT HERCR j R RTS8
B0, M, HZEEENLE (AFER RN AR (T ),
K, R IR j AR R TS G 0 0 HE IR L R R Y
HE LR 7R KGENL ) AR A, o 187 g/kg,
€O .S0, . NO, A1 C H, #HE L K745 50 A, 45
g/kg. 19 xS g/kg. 1.5 g/kgfl 45 g/kg, HH S JyBk
P F B (% ) , A 0T 5% 22 B 3k [ 57 35 5 i it
H1.12% 0 AL S BT 12% .

WEAHL 4 CO NO, SO, .C H, FlHH 2 4 HE i
IR AAXN .
Y, x W,
TE (2)
2N A RBIL AR i AT BT HERICRY j R R ASTS Y B
(T O,Y, HARHLZ AR RIS AR (T 1),
W, A PIRRAILZE j Bl RS T5 e 1 HE B 7. P R AL
% CONO, SO, B HE K 7 R F 8% M 2 210 %t 3
ol P RR L 42 3 56 0 3 p S 30, B A R 7.1
g/kg. 50.3 g/kg. 2.2 g/kg. WREHL % 1Y M0 2B Al
C, H, HEm K % F 8k 8 % 57 3h T4 oiF 92 e B gk
B A 500 5 BT A 00 i =2, L HE i IR 7 40 1 oh
15.2 ¢/kgfl 5.1 g/kg.
T [k I ML 42 1) R0 G 4 A HE B Ry 2 VML
BRI AP I A HE T i 2 R B R
P, =Z,+N, (3)
2, P, R 3 Bk L2 § AR T HE IR Y R R ARTS Y
WkcE (07 0, Z, M NI WA (1) FI(2).
1.3 HLZE RS TS e HEOoR B 1353 ik
FEER B2 W g T b 8 E R R ST - km 7R S
T 4 TS S A A PR (PRI AR« bk ), B S 4 95 )
i (B S km) = RS R (v km) + K& JH T
B (N km) P TR AR T K R i
THAEFI 23 JHFE 40 T HEAT B3t 51 0 3 [ 2k 1 2
A7 4 A AS B 9% 1 B 2 R A R TS G W HE TR
JE Sy B 4 0 TR 0 HE R, HL R O A5 T 5T
tekm P V5 G W HE R it MR A A AR 28 VRL 4 N R AL
RG] TAE & B, £ 55 X 2 2801 4K
(1 4 AL A it R U R A5 3R TR B L R R TS g
Y HE R
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2.1 HecE

1975 ~ 2007 43 [ £ #& L 4 59 41 2 S0, , CO
FCH,, 1 HE R AR Al AR A AL, B 5 R A
1975 ~ 1984 4F (Y HE i 3 , JF 2 /NIE 1 R 3,
Horp 1984 A Y HE L B K, 1985 4F LLJS HE L &
AR R e % . ELURT & A 1975 4R 19 351,06 T
t %2 2007 4R 7. 87 J7 v, A HE B ik 10.70 7
t. 1975 ~ 1984 420 i 4F B HE ik 2 35 351.88 7 t,
1984 4F B ik 367.01 J1 t; 1985 ~ 2007 4F4F ¥y [ A%
16. 12 J7 t(F&IE ] 4. 4% ) , Horb 1997 4E[% % 100 7
t AR ,2002 4ELLGREZE 10 e IR [® 1(a) ]. 5t
SO, Kt , HoHE R &l 1975 4E 10 39.97 H « B &

N, =
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2007 4F Y 1.14 J3 v, AFE Y EHE 1021 7w 1975 ~
1984 4F SO, HYAE & 3K 40.1 T3 t, 1984 4E
i5 41,81 J7 t; 1985 ~2007 4EAEHI[EAR 1.83 1 v, H
1994 4FEFEZE 20 Tt LI, 1999 SELLGFEZES Tt
PLF, 2002 ~2007 SEAE Y HER B 4E 5 7E 1.1 1 v &2
ALE (b)) 1. 8k co i w, HHk R h 1975 41
84.60 Ji t [ 2007 414 3. 67 J7 t, Al HE 2. 53
T 1.1975 ~ 1984 4FE CO MAE I HERCER I8 84.90 J t,
1984 4F 5 ik 88.68 J7 t; 1985 ~ 2007 4F 4F ¥ B A%
3.82 3 t, 1 1993 4EREZE 50 1t LUF, 1999 4ELL
JEREZE 10 1t BLF, 2002 ~ 2007 4F4F ¥ HE jif & 4
BAE3.54 T o 24 [ 1 (e)]. C H, HEu &2 U b
1975 41 84. 53 Ji t B2 2007 4E 1 2. 64 i t, 44
WHE 2.56 J7 t. 1975 ~ 1984 4F C H_(1)4F 2 HE il &
ik 84.77 T3 t, 1984 4Rk 88.47 J1 t; 1985 ~2007
AEAEIREAR 3.85 T3 v, Hirp 1993 4EREE 50 7t LU
T, 1999 4ELUF FEZE 10 J7 t IR, 2002 ~ 2007 4F
AR HE R AR AE 2.55 T o A4 1(e) ]. 33 4F
oK, BT R AR b Vi DR BB ARG | HF R oA BE K ) ZE VAL
Ze TRV K o i FH RS0 HE i AR T 5 A1 Ay P %
BILZE R FEHE R ) T WL (A5 3R Bk B S AT
LB 2B SO, . CO Al C H, HE i & & 4F T Bt fifi
T [ BR A7 Ml 7 25 63 3 i i AN BT S R 1 T RS
T e B0 HE R BRI 0 L S A e R
] 22 38 12 5 AT Mk 9 RS Ts e W HE O T DTk

5k S0, .CO Fl C H, X 4 Fh K75 Y9 HE
AR A TE , 1975 ~2007 4T E ML 4 NO HE
B AR B, H{E B 1975 A9 3.48 Tt FEE
2007 4F-11) 9. 83 Ji t, MG K Ik F] 0. 20 J7 (4
WM 5.7% ). Horp, 1978 S BT 4 7,
1985 F#ad 5 77 t, 1987 4F#id 6 J7 t, 1991 4R
$7 5, 1995 SEARITE 8 1 t, 2004 AEARIT 9 T t,
2007 4EFEIE 10 Tt [ 1(d) ].
2.2 HERCEE

SR A P HE R B S (K1), 1975 ~
2007 473k [E 2k pE AL 40 2R (SO, (CO A C H, X 4 F
15 Y W (18 HlF TR 5 R A R AR, 28 A A S FE A A B
M 2B Y HE B 5RO B 1975 4F Y 68.62 x 10°7°
kg-(t-km) ' P& & 2007 4E B 0.54 x 10°°
kg (tokm) " AEH AR 2,13 x 10 * kg (t-km) ',
Hor 1981 4EFE & 50 x 10" kg-(t-km) " PLF,
1997 4EF& & 10 x 10 ~* kg- (t-km) 'L F, 2002 4E
PUGFEZ 1 x10 *kg- (t-km) '"LLF[ Kl 1(a)]. S0,
A HE SR Bl 1975 459 7. 81 x 10 * kg- (t-km) '

[ 25 2007 4E/ 0. 08 x 10 ~* kg (t-km) ", 4E S [EAE
0.24 x 10 " kg-(t-km) ', H i 1984 4 E 5 x
10 *kg- (t-km) "PAF, 1997 FELLJFFEE 1 x 107
kg+ (t-km) "'PAF, 2002 ~ 2007 44 34 HE o R 4
FFPE 0.08 x 10 * kg (t-km) " ZEAH[E 1(b)]. 5t
CO T &, HHE s B th 1975 42 1) 16.54 x 107
kg-(t-km) ' F& & 2007 4 B 0.25 x 10°°
kg+ (tekm) ~' AR FEAL 0.51 x 10 ~* kg- (t-km) ',
Hoip 1985 4E B & 10 x 10" kg- (t-km) ' L F,
1992 4FERFEZE 5 x 10 * kg- (t-km) 'L R, 1999 4E LU
JEREZE 1 x10 * kg (t-km) 'L, 2002 ~ 2007 4E4F
P HE B B AR 0.26 x 107 kg- (t-km) ' AH [ K1
kg- (t-km) ™' FE &= 2007 4E B 0.18 x 107
kg- (t-km) AR IR 0.51 x 10 7Y kg- (t-km) O
1985 4EFE E 10 x 10 ~* kg- (t-km) ~'BLF, 1992 4F
FEE S x10 " kg- (t-km) ' RLF, 1999 4E L5 & & 1
x10 * kg (t-km) "'ELF, 2002 ~2007 AR HERGHE
JEHA0.19 x10 “ kg- (t-km) ' ZEA [ E 1(e) ].
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Fig. 1  Annual soot, SO,, CO, NO, and C,H, emissions

and their intensities of the locomotives in China
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760.50 ~0.80 x 10 * kg~ (t-km) ~' & Bl 3, F
PHERCHBE H7 0. 65 x 10 ~* kg (t-km) '[E 1(d) ].
1975 ~2007 4F NO_ ) HE B FE 5 M 22 S0, . CO Al
C,H,iX 4 B RT3 G Wy B A0 AN TR H AR AT 5328 3
ABrBr. 1975 ~ 1983 4FJ& F T KRy Br, HAE th 1975
AEHY 0.68 x 10 * kg (t-km) ~'FEKF] 1983 4EH 0. 57
x 107" kge(t-km) "', 4 ¥ F& L 0.014 x 107*
kg (t-km) ~'; 1984 ~ 1999 4FJ& T Z& 18 I 7H By Bt , H
B 1 1984 4E19 0. 56 x 10 * kg (t-km) ' TFZ 1999 4F
f90.74 x 10 * kg- (t-km) ~" AE 1 0. 012 x 10 ~*
kg (t-km) ~'; 2000 ~ 2007 4EJ& T 2518 T BB B, 1
B 1 2000 4E£9 0. 73 x 10 ~* kg (t-km) ~'FE % 2007 4F
9 0.67 x10 * kg- (t-km) ~".

3 itig

TEFR E ARG Z ARG R, R e
o U SO, VAR 24 11 4 ] 320 AT HE i 5040 4 Ay o &2
Fioe s MRS SCHRk [ 24 ~ 27 1 xR B 1985 ~ 2007
4E SO, VMR 2 HE R & 09 G 1T Hod | 45 A AR TR T 3T
BEER AT F I R E KB AILE SO, HeEa b 4 E
SO, HERCHE A LB AR /N : 1985 ~2007 4EF# b & H
A 1.03% I HILBAEREAL, 1 1985 4F 1Y 3. 12% [%
£ 2007 4F11 0. 05% , F I FEAR 0. 14% [ K 2 (a) ].
SRR R L EOR A [’ 2(b) ], 1985 ~2007 4F
T 4 B AL 4 00 2 HE A o 4 TR R L A
KR 10. 1% , 11 1985 4E 1Y 28% B & 2007 4
19 0. 8% AEIFRAL 1.24% . Hirr | 1985 ~ 1990 4E -
W E B K, 5 23% ,{H 1995 4F£ B2 10% VLT,
2002 FFEFRERIA R 1% 256 BRG] LA IR E
Bk B35 W A7 b BT HE R Y SO, R 2R 5 4 s HE i i
(1) Bb B A, i L HE Al R R AR [ 1 (a)
AT(b) T, PRk, AT DA R 1 i A 0 ) 52 30 5 g 4
Sl b AR T R e HE IS A X

5 R 45 Y BRI SE 1991 1998 FT 1999 4E Tk
[ A= W Joe R RHBR R HE TR 9 SO, 43 5 A 38,1, 31.2
1332 J5 t, BRI E L SO, HE R
AT A 9 SR B 1 HE L, 43 i AT R 72%
22% F1 12% . /K Ue Tk J& 2 b K75 YL i 22 HE
B, 1995 F1 2005 4F 3 [F 7K U8 Tl SO, HEjif &t 43
WA 46.70 T3 t F186.09 Ji 2 Xf 1 4E 07y TR [ 2k
BLZE SO, HE ik & 4 0 H A K e Tl HE ik i
35.7% F1.3%.
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Fig.2 Percentages of SO, and soot emissions of

the locomotives to the total emissions in China

NO_ HE ik = B ds 288 78 3 20 A8 98 TAE vh 315 (&
1)l R I, 3 E AR B HLE NO AFHE I & 5 4>
B A HE R &= EARN, AR 1% (CFWAEAH
0.73% ). 1991, 1998 Fl 1999 4EFE [¥ A= ¥ Ji X K44
BEHETCH) NO 433 K 54.9 45,5 F145.3 J7 | |-
AR 38 2R B AL A NO HE & 2 5 LA A
13% . 18% 1 19% . 1995 F1 2005 4F & [ /K Je Tl
NO HEfif &40 51k 95.20 T3 t £ 286.67 Ji t %) %t
ARy 3% ER B WL NO HECR RA KT Tl (9
8% F1 3% . FH B AR BF 5T R A 1997 43K [ 52 i
iz A HE T 130. 86 J7 t NO_, 1997 43k [ 4k %
ML ILHERL T 8. 57 7t NO,, H i 283 38 4 17l HE
R 6.5% .

x1 BBRNENOHBESLEHNERE
Table 1 ~ Percentages of NO_ emission of the locomotives

to the total emissions in China

i 4 HE R BUR EE 5 E R
KRR/ TT Y/ T7 t BILE/%

1980 47621 476 0.86

1988 784,91 784.9 0.83

[20] , [19] ,

1990 84077 ; 842.2 865.9 0.79
827.301301; 954031

1995 113012151 199, 1031 1164.6 0. 69

1996 12032 1203 0.68

1997 11672 1167 0.73

1998 11182 1118 0.74
1371900151 112, 1721

2000 ’ ’ 1206.3 0.73
113503

2006 1524127 1524 0.65

2007 164327 1643 0. 60
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Fig.3 Correlations of electrification rate with the traction proportion of steam and diesel locomotives, and with air pollutants emission reduction
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Pk % vl S AL R B A B 609% LA B0 AT L Mk L #)
2020 47, T [ 2k 18 i A7l 19 K 2k SO, ,CO \NO Al
C, H, W HER EK 2 2> 1001, 1,46, 4.71, 33,1
3.4 77t

R TR B K 3 ) A A TR Ak BB AL
SEATC A — ALl 18 Nk Rk X is T
VEUEAT RS R, WA 4 b IX ol 4 T E 47 45 3. sk AL R
SIS T R R A R TR N R BIL G X R e s R
e A E A HE R R A AT Bk A b XAk B L 2R
2006 4 SO, \NO, I CO HEjik & , FoAH 43 51k 759. 4
t, 2760.9 t F1209.7 t, 45 G AW 5K 2006 4 1 HE K
S TN A o 4 Y B o A 6.7 % |
2.8% 1 0. 6% . ARWFFE I % i [ 4k i 2 F A7 Mk K<
15 Y W HE R AACIR B B ) AP R H T FR A TR
DR I 1) 2 5 25 F B AR A T AL R AR R 1
ANT] T BOAS [F) 4% 8% Sy 14 08 8 H T A8 R TS e o HE il
AR AR T GE 1 %R B = T 2 8091 4 15
JRE AT RS, H A EE S B4 R TRk I R AN TR
Hb DX 3848 T o X B ]k B2 AT M 1 T G HE e
AT 5 30 28 g R X A2 R — 2B RS i A

4 Hig

(1)1975 ~2007 4F , 3 [F 2k # AL 4= i M 2 (S0, |
CO F1 C, H, W HER R Y RS A H 1975 4F
) 351.06 J7 t [ & 2007 4E19 7.87 Ji t, 4F 34k HE
10.70 Ji t; SO, H1 1975 4E#Y 39.97 Ji t B = 2007
AL 14 7 AERNEHE 1.21 T5 5 CO B 1975 ARy
84.60 H t [& % 2007 4EHY 3. 67 J1 v, AE Ak 2. 53
T3ty C,H, W H 1975 4F /Y 84. 53 J7 t B % 2007 4F- 19
2.64 J7 t, B8 HE 2. 56 J7 . {H NO_HECRZ4E |
TF, HAE 1975 4E 14 3. 48 J7 t THE 2007 4E 14 9. 83
J7 AR 0.20 7t

(2) BRRAT5 G Wy HE 5 B K 136, 1975 ~ 2007
AR IR E R EEHLE M 2R SO, . CO F1 C H, 3% 4 Ffig gL
W 0 HE R AR AR 2R B 1975 4RI 68. 62 x
10 kg-(t-km) ~" [% £ 2007 4 ) 0.54 x 10°*
kg-(t-km) "', SO, H 1975 4E 1 7.81 x 10°*
kg+ (t-km) ~' FF& & 2007 4 U 0.08 x 10°*
kg+ (t-km) "', CO H 1975 4E ) 16.54 x 10°*
kg- (t-km) ' F& ZE 2007 4 By 0.25 x 10°°
kg (t-km) =", C, H, HEHSE W 1975 4E 19 16. 52
x 10 " kg- (t-km) ~' B & 2007 A9 0.18 x 10°*
kge (t-km) ', NO_ 9 HE il 38 B W 7€ 0.65 x 107°
kg (t+km) ~' R Bh.

(3) T [ Bk #% 3z i A7 ol B HE B SO, M 2R
NO, #l CO & 7 2 [F S HEwcE 09 L E AR, HT o 1
4 B RS, 5 HABAT L HE B A L, T 5 2R
1z AT N T HE R RS G Wy )
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