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Abstract: The objectives of this paper are to compare the vehicle emissions among different cities in China and to develop a simple vehicle emission
estimation approach for cities without adequate resources for emission inventory development. Four metropolitan cities including Beijing Shanghai

Tianjin and Chengdu were chosen for this study. Vehicle emissions in these four cities were estimated using the International Vehicle Emissions ( [VE)
model and the corresponding vehicle related data for each city. The vehicle related data included vehicle population age distributions vehicle-specific
power ( VSP) based driving characteristics ambient conditions and others. The averages of the vehicle related data were also used to derive a composite
emission factor ( CEF) . The comparison results showed that the emission factors among different cities in China were comparable due to similar vehicle
techniques driving cycles and others. Furthermore the CEF could be used as a useful surrogate for vehicle emission inventory development for cities in
China when there were not adequate information/resources available. For example comparing the emission inventory using the CEF and the publicized
data for Chengdu the differences were only 1.4% and 10.4% for CO and NO, respectively although the difference was as high as 52.6% for HC due
to some reasons.

Keywords: vehicle emissions; vehicle emission factors; emission estimation models
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( Frey et al.
( 2006) 2009)
( USEPA)  MOBILE6( USEPA 2001)
(CARB) EMFAC( USCARB 2003)
(EEA)  COPERT( Niziachristos et al.
2000)
(gokm™")
('km)
( 2007; 2010) .
A 2 ( Data and methodology)
(2003) (1997)
MOBILE . IVE
1996
N 20 60.70 .
D : QIVE
IVE( International Vehicle Emission) ' ®
( USEPA) 2.1
( TSSRC) ( UCR) IVE
( ISSRC 2008) .
IVE ( Lents
et al. 2004; Davis et al. 2004 ) ( Davis et al.
IVE ( 2005) .
2006; 2006; 2007; 2.2 IVE
2009; 2010) IVE
o (8)
O ()
( ISSRC 2008) . IVE
( Qsnning)
(Quan) (2)
(ISSRC 2008) .
Q, = B, xKg,., X K’rmp o X Kyg s X Ky o X Ky
Kyx X Ky (1)
Qrumning = Uprp >< X Z{f X Q, x 2 Joo x Ky}
(2)
Quan = z {f. x0Q, % Zl, Joo x Ky } (3)
. X sdx x
, B,
VSP (g-km™);Q,
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-1y .
(gekm™) 0 f, 4
S
‘U, FTP 70% 85%.
(gekm™');D 20%
(km) ; U, (gokm™); 94%
K'l‘mp x ’ KBase x
' KHmd x ; KIM x I/M ' 3 ;
Fuel x ’ K/-\ll x ’
Cntry x ; Kd.t 97' 5 %
1 . N (2004
(1) .(2) (3) fo Jae D )
U UWP Table 1 Vehicle class distributions in Beijing Shanghai Tianjin
Ch
FTP ( and Chengdu
2006) ; B, IVE LA4 ) - . - -
( ISSRC 2008) ! 70% 47% 64% 80% 67%
24% 25% 18% 1.6% 17%
( ISSRC 2008) . 4% 1% 10%  0.8% 6%
2% 15% 8% 17.6% 9%
IVE 100% 100% 100% 100% 100%
IVE 1) IVE (ISSRC
1 d 2008) ;2) N ( ISSRC
A A A 2008) ; 3) ( 2007) ; 4) 2004 (
N ' 2004) .
24
IVE IVE
2007 S N 24 N
2 N N N
Table 2 Vehicle technologies distributions in Beijing Shanghai and Tianjin
1) 1) 1) 2)
7.2% 5.0% 13.2% 20.3% 11.4%
2 3.7% 0.1% — — 1.0%
2 0.1% 9.4% — — 2.4%
3 1.9% 7.0% — — 2.2%
0.3% 0.7% 0.1% — 0.3%
3 86.8% 77.8% 86.7% 79.0% 82.6%
— — — 0.7% 0.2%
15.8% 2.2% 35.4% 0.2% 13.4%
7.0% — — — 1.8%
3 — 54.0% — — 13.5%
3 — 17.3% 64.6% 0.4% 20.6%
2 71.9% — — — 18.0%
3 — 26.5% — — 6.6%
5.3% — — 99.4% 26.2%
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2
1) 1) 1) 2)
8.2% 6.0% 13.7% — 7.0%
1 — 18.1% — — 4.5%
2 11.6% — — — 2.9%
3 26.0% — — — 6.5%
1 3.3% — — — 0.8%
2 5.0% — — — 1.3%
6.0% 21.5% 86.3% — 28.5%
2 — — — 15.3% 0.0%
1 10.2% 54.4% — — 20.0%
3 3.5% — — — 0.9%
16.8% — — — 4.2%
2.7% — — — 0.7%
LPG 6.8% — — — 1.7%
— — — 84.7% 21.2%
25.7% 27.0% 2.3% 0.1% 13.8%
1 — 3.0% — 0.1% 0.8%
— — 2.3% 0.1% 0.6%
50.5% 63.0% 95.4% 99.7% 77.2%
1 9.9% 7.0% — — 4.2%
2 13.9% — — — 3.5%
i) (ISSRC 2008) ;2) ( 2011)
2 . . 3 7.9 x 10* km.
10% 16 x 10* km
4
86.7% 77.7%  86.8%.
4
(56% )
3 16 x 10* km
. 7.9 x10* km (8 ~16)
x10* km 20%
. (100 ~150) x10° (8 ~16) x10* km
km 10° km 7.9 x10" km 3
(100 ~101) x 10° km (149 ~150) x 10°
km .
16 x 10* km 83.6
(2001) (8 ~16) x10* km
4
99.7%
16 km (
3 2/3) 7.9 x 10" km
80%
3 4 70% 16 x 10* km
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56% 7.9 x 10* km 69. 8% 16 x 10* km
16  km .7.9 7.9 x10* km
km (8 ~16) x10* km ( 60.3%)
(8 ~16) x10* km
60%
16 x 10* km 7.9 x 10" km
53. 5% ~
3 NN ( )
Table 3 Vehicle age distributions in Beijing Shanghai and Tianjin( by mileages)
( 10° km ) 1 1) 1) 2)
<79 71.8% 71.1% 82.0% 57.8% 70.7%
80 ~ 161 18.8% 18.2% 8.8% 30.2% 19.0%
>161 9.4% 10.8% 9.3% 12.0% 10.3%
<79 8.8% 22.9% 22.9% 3.0% 14.4%
80 ~ 161 28.1% 20.8% 20.8% 13.4% 20.8%
>161 63.2% 56.3% 56.2% 83.6% 64.8%
<79 29.1% 75.8% 5.6% 23.8% 33.6%
80 ~ 161 25.3% 24.2% 14.5% 12.2% 19.1%
>161 45.6% — 79.9% 64.0% 47.3%
<79 27.7% 19.0% 18.6% 60.3% 31.4%
80 ~ 161 18.8% 18.0% 11.6% 30.8% 19.8%
>161 53.5% 63.0% 69.8% 8.9% 48.8%
i) (ISSRC 2008) ;2) ( 2011) .
4 N 3 3 kmeh™'
4 NN
Table 4  Vehicle average speeds in Beijing Shanghai and Tianjin
D/ (kmeh™!)
2) 2) 2)
0:37.4 137.12 137.4 137.3
3:17.8 117.8 17.8 117.8
:15.9 :18.3 :15.9 16,7
25.1 22.4 25.1 24.2
18.3 17.3 18.3 18.0
21.4 20.5 21.4 21.1
:1) IVE NN 24
1h;2) ( ISSRC 2008) ;3) . 4 2003) . IVE NN
3
IVE VSpP ( Hot Soak) N
Vsp VSsp
Liu ( 2005) Huang VSpP

(2005)

VSP



12 2779
VSP . Liu( 2005)  Huang( 2005)
VOCE ( Vehicle Occupancy Characteristics
VSP Enumerator)
40% VsSp 11 13 N N 3
15 min 720
60% min 1100 min.
Vsp 11 5 N N N 4
IVE . N
5
Table 5 Basic information used for deriving vehicle emissions correction factors for Beijing Shanghai Tianjin and Chengdu
/
/C /m
9 / 9 %
! 38 42.0% 3 (0.03%) (1.5%) 0% (0.05%) 0 80%
/
K 30 42.0% 20 (0.03%) (1.5%) 0 (0.05%) 0 80%
0] / 0] 0
! 38 42.0% 3 (0.03%) (1.5%) 0% (0.05%) 0 80%
/
? 38 80.0% 500 (0.03%) (1.5%) 0% (0.05%) 0 80%
1) (ISSRC 2008) ;2) ( 2009) ( ISSRC 2008)
3 .
3
2.3 6 4
(4) :
M, =Q, xSxCx10° (4) 6 . . . 4
t M, 0(0)
(10, (grkm™); s
(km);C :
IVE - ( Stop-and-Go)
10
gokm ™! 3 10 gokm ™!
; HC  NO,
. ) CO
3 ( Results and discussion)
3.1 IVE 29% ~89% 23% ~110%. N
IVE
3
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4 55.2%. 3
. CO.HC
CO.HC HC NO,
2 69.5% 60% « —37.5%. 2
CO. HC.NO, 82% 72%
31.6% -13.3%19.7%. CO.HC 78%
3 (0] 76% 1
2.3 HC
47.0%; 40. 0%
29.0%. NO,
6
Table 6  City-specific emission factors and the composite emission factor for Beijing Shanghai Tianjin and Chengdu
/(_gekm ")
1)
(6{0) HC NO, (6{0) HC NO, CO HC NO, CcO HC NO, CO HC NO,
11.58 0.61 1.03 7.68 0.51 1.14 11.32 0.79 0.90 11.84 0.88 0.57 9.24 0.67 0.69
17.21 1.14 1.42 10.42 0.93 1.45 17.56 1.54 1.22 15.35 1.75 0.68 11.77 1.27 0.81
19.99 1.30 1.72 10.60 0.93 1.53 20.68 1.74 1.45 17.94 1.87 0.75 13.70 1.88 0.92
2 16.26 1.02 1.39 9.57 0.79 1.37 16.52 1.36 1.19 15.25 1.50 0.66 11.57 1.27 0.81
19.68 2.18 0.76 27.55 1.94  2.11 41.44 3.27 1.44 35.83 0.61 0.62 25.89 1.89 0.91
45.72  3.21 4.76 28.28 2.41 9.89 17.78 2.35 17.92 10.33 0.26 1.38 27.42 2.27 8.63
39.72 3.00 9.63 39.46 2.94 9.04 4.33 0.80 19.04 3.67 0.74 23.74 23.43 1.88 15.42
1)
3 : > >
co 1/2. CO.HC 3
CO.CH.NO,3 CcO 40 g+km™' HC
-17.3%+ -37.8% 3 g*km™ 35%
69. 1% .
CO 3 HC NO, 2 CO. HC  NoO, 37. 5% 42. 2%
: ; 36.8%. NO,
1.5%3.7%101.1%. 2 30% 17
« 90% 1 52% «
19.0%. CO HC
NO, NO, 7 co 1/4 28%.
86% \95%
35% 90%
1 3
CO.HC.NO,
3.1%6.2% \14.6% . CO HC
68. 4% .56. 4% NO,

NO, —41.4%.
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CO. HC NO, 1 31. 8%
18.1% -18.5%.
(0(0)
38. 8%
85% 16. 1
km . 3
CO.HC NO,
62.7% 88.5% 84.2% 84%
2
CO HC
85.8% 61.7% NO,
54.0% .
IVE
4
(2006) Huang( 2005)
( )
7
3
CO.HC.NO,
-1%13% 26%; 3
-17% 0. 9% -
-16%:; 3 CO.HC.
NO, 9% ~ 2% -
-22%:;
-13% . -21%  -33%.
CO.HC.NO,
-8% 17% 18%;
HC NO
CO ; CO
HC 14% 2%
NO, 75% . 2
60% NO,
( 2000) . 3

-36% ~ —12%.
. IVE
VSP
IVE
(ISSRC 2008) .
VSP
IVE
VSP
CO.HC.NO,
20% 26% 6. 1% .
CO.HC.NO, 26% 1.8% \11%.
(
( Frey et al. 2009))
3.2
. VSP N
IVE
6
Al N (
8 ) (4)
2007 (
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IVE ( 2011)
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11.2%;, NO, 52.6%
10. 4% 29.8%
-8.2%. IVE HC
CO.NO,
HC IVE
7
Table 7 Comparison of emission factors
/(gekm™")
co HC NO,
16.50 0.90 1.10 2006
16.26 1.02 1.39 D
12.01 1.07 1.45 2005
9.57 0.79 1.37 2)
15.23 1.05 1.30 3)
4 -8% ~ - 1% 13% ~17% 18% ~26% —
32.20 2.20 0.90 2006
19.68 2.18 0.76 N
26.63 2.37 1.15 3
4 ~17% ~ -4% 0.9% ~8% -16% ~28% —
41.90 2.60 6.10 2006
45.72 3.21 4.76 N
35.88 2.66 10. 66 3)
4 -14% ~9% 2% ~23% -22% ~75% —
45.40 3.80 14.30 2006
39.72 3.00 9.63 h
29.27 2.21 12.65 3
4 -36% ~ —13% - 2% ~ -21% -33% ~ - 12% —
:1) 12) 13)
e 14) (2006)
8
Table 8 Comparison of vehicle emission inventory for Chengdu
IVE 3) IVE
) K /ot /ot VA
/" km ! co HC NO, co HC NO, co HC NO,
2 68.13 20.78 2.04 0.90 21.08 — 14.05% 1.12% 1.85%
12 1.2 5.18 0.088 0.089 — — 2.3 1.86 0.01 0.10
8 0.7 0.57 0.015 0.076 — — 0.47 0.01 0.12
1 10. 1 3.36 0.73 2.39 — — 1.55 3.799 0.26° 0.54°
— — 29.89 2.87 3.45 34.52 6.06 3.85 33.67"  4.097 3.197
:1) i2) 2007 (
2007) =7 :3) ( 2009) ; 4) ( 2011) ; 5)
;6) i 7)
2008 IVE

4

( Conclusions)
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