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Table 1  Specific parameters of 14 test vehicles

KR He b KR ES] M T A T kg Hefg/L 1738 A/ km
LG1 E=E BANRIh 4 WLTC/NEDC 1235 1.587 3.0x10*
LG2 E=F BRARIN G WLTC/NEDC 1325 1. 497 3.8x10*
CTI =y WAL A AL T2 WLTC/NEDC 1 500 1.795 7.8x10°
CT2 =y WAL A AL T2 WLTC/NEDC 1 500 1.795 8. 6x10°
LD1 [ AL 4 WLTC/NEDC 1745 2.771 6.5x10*
LD2 ESpu] BRI 4 WLTC/NEDC 1750 2.768 1.5x10°
HT1 E=]u| ARSI C-WTVC 8 190 6.494 8. 6x10°
HT2 =y RIS C-WTVC 8 190 6. 494 6.9x10*
HT3 E=F RIS C-WTVC 6 005 3.77 6.8x10*
HT4 E=F AL TR R C-WTVC 9 400 6.87 1.1x10°
HT5 =N AL TR C-WTVC 9 400 6. 87 5.1x10*
HT6 1 ARG B C-WTVC 5 600 4.75 9.1x10*
LB1 75 A M A H C-WTVC 12 900 9.50 16
LB2 75 A M A S C-WTVC 12 900 9.50 38
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FRAAII A S AR T B B2 R 3 T Y €O, HE
TP 43500k 229. 1 228. 6 .263.8 .1 311.7 F1 1 497. 3
g-km™ | FUAH N 1998 5 24 T 00 HE B 753 51 &
26. 6% 52. 4% .16. 3% . 140. 1% F1 199. 7% , Lt AH i /Y
PR ST S BL Y CO, HERH 43l & 11, 4% |
22.2% 18.5% 8. 3% I 35. 5%. HEH& ()18 Jin 2= 5 El
B4 CO, HE R FHE I, 5501 2 B o A0 S A A
HILAEAR DG, [ IR T B B HE et (9 15 2> e 3 s Al
SR CO, HER R 7R mEsE i, PRt A - RHE i
RIS 4 AT IXREA & CO, HEk.
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R2 AHRMEASEFARBINIHZE CO, HEME FinimE
Table 2 CO, EFs and fuel consumption of vehicles in this study and previous domestic studies
K] HedE/L i T WMFE/(L- (100 km) ") HEEHE T/ (g km™) P
WLTC ¥ 7.9+0.6 180. 7+7.0
LSRR 1.5 L WLTC #4 7.6%0.3 176. 1+2. 4
NEDC #4 7.5+0.3 173.9+2. 8
WLTC ¥ 11.0+1.2 150.0+1.8
WAL A A 4 1.8 EES WLTC #4 10.1£0.9 141.1£1.5
NEDC #4 10. 6+0. 9 146.3%1.5
WLTC ¥ 7.9+0. 4 226.9+0. 4
TR0 S 4 2.8 EES WLTC #4 7.5+0.2 214.1%3.3
NEDC #4 8.5+1.9 209.7+1.5
C-WTVC % 22.8+0.3 610.3%5.3 AW
6.9 EEL
C-WTVC 22.1+0. 1 590.7+2.2
C-WTVC % 21.9+0. 1 588.3+1.7
6.5 GRS
T A C-WTVC # 20.9+0. 6 559.6+10. 8
C-WTVC % 17.8 475. 1
4.8 GRS
C-WTVC 16.3 435.8
C-WTVC ¥ 15.2 406. 4
3.8 B
C-WTVC 14.6 392. 4
‘ o C-WTVC % 32.9+4.2 498.2+45.2
WAL A IR 4 9.5 EE
C-WTVC 14.1%5.9 375.6x111.3
E| =13 9.63
TR IR 4 b N [39]
E5l 10.25
TR 5 7.1 = CHTC-HT 21.2x0. 19 [38]
ZEAR 7}
5.2 i 17.0 453 [42]
ERL S 4.75~6.70 584+47
A i [40]
BRI e 42 2.8 31043
o 1.4~2.0 o 322.3
TR 4 L [41]
<2 238.2

3) HE TR R I R A A T A IR A
XA AR ) R ST5 Y 1 HE . o Ak A i
AR B £ AR CO, BHRNE , I 53X Ah s HEE
o % BB R T O Ry ) Sk A T S B, MR T
AHIEHE R R 500 42 ik A < LA co, HE
TS RRAR 12. 19 , ATl A [R] 1% 32 78 259 42 | TR
AN CO, HER 2 AR 37. 2% , 1 o i
HEBE, 53 BI A 20. 3% 1 51. 8%.

4) GHRIE 2 BPAE IS T 00 T AR I SE PR 2
O B, 2 R ATS Y HE R Y B R i R R AR 5
(285 & B, ] B o v 25 3 T 50 1 3 2 % AL 8 4=
CO, HEBCFN I FE B3 W A . 5 [ P 32 Bk 3 6 03
SEIXT R B, AR ML) C-WTVC T4 CO,
FIE TR 7 TN AR 5 S PR e 485 SR 42 30, ol D D B
FrifE WLTC TR CO, HER P+ b 58 b 26 R 2/
31% ~46% ,THFEE /N 17. 7% ~ 26. 8% . Fir L4, i % N

PREFRARIE T S0 A A B, LASRAT B N AF
T SLPRIE RS CO, HERCA T FIhAE.

S22 3Tk

References

(1]
[2]

SRRES IR e QR el R - i B 7N = g R 74
(2020) ) KA [ J]. P EAET,2020,42(8) : 1

von Schneidemesser E, Steinmar K, Weatherhead E C, et
al. Air

environment : impact of local environment and vehicles on

pollution at human scales in an urban

particle number concentrations [ J ].Science of the Total
Environment ,2019,688 :691-700

Cannistraro G, Cannistraro M, Cannistraro A, et al.
Analysis of air pollution in the urban center of four cities
Sicilian [ J ]. International Journal of Heat
Technology,2016,34(2) ;S219-S225

Tong F, Jaramillo P, Azevedo I M L. Comparison of life

and

cycle greenhouse gases from natural gas pathways for me-

dium and heavy-duty vehicles[ J ].Environmental Science



164

[5]

[14]

[15]

[16]

[17]

e, A5 A BB 2 T 5 548 O, HE 10t JE.

WANG Qian,et al. Emission factors of carbon dioxide from in-use vehicles based on bench testing.

& Technology,2015,49(12) .7123-7133

Popa M E, Vollmer M K, Jordan A, et al. Vehicle
emissions of greenhouse gases and related tracers from a
tunnel study:CO:CO,,N,0:CO,,CH, :CO,,O0, :CO, ra-
tios ,and the stable isotopes “C and "0 in CO, and CO
[J].Atmospheric Chemistry and Physics,2014,14(4) .
2105-2123

SRS L Tm RS R — Rk e B R R
FEPHEIN] AR H#),2020-09-23(1)

Rutovitz J, Dominish E, Downes J. Calculating global
energy sector jobs: 2015 methodology [ R ]. University of
Technology Sydney,2015

Zhang S J, Wu Y, Liu H, et al. Real-world fuel
consumption and CO, ( carbon dioxide ) emissions by
driving conditions for light-duty passenger vehicles in
Chinal J ] .Energy,2014,69.247-257

Song T, Wang Y S.Carbon dioxide fluxes from an urban
area in Beijing [ J ]. Atmospheric Research, 2012, 106;
139-149

Xu B, Lin B Q.Factors affecting carbon dioxide ( CO,)
emissions in China’s transport sector:a dynamic nonpara-
metric additive regression model [ J ].Journal of Cleaner
Production,2015,101,311-322

Gambhir A,Schulz N, Napp T, et al. A hybrid modelling
approach to develop scenarios for China’s carbon dioxide
emissions to 2050( J].Energy Policy,2013,59.:614-632
Chang X M,Chen B Y,Li Q Q,et al.Estimating real-time
traffic carbon dioxide emissions based on intelligent
transportation system technologies[ J | .IEEE Transactions
on Intelligent Transportation Systems, 2013, 14 (1)
469-479

TS5 RHCE B a0, S RS CH, #1N,0
HEWCA 705 [ ] 3R R 7 ,2014,35(12) :4489-4494
HE Ligiang,SONG Jinghao, HU Jingnan, et al. An inves-
tigation of the CH, and N,O emission factors of light-duty
gasoline vehicles [ J ]. Environmental Science, 2014, 35
(12) :4489-4494

Shen K, Chang L, Chen H, et al. Experimental study on
the effects of exhaust heat recovery system (EHRS) on
vehicle fuel economy and emissions under cold start new
European driving cycle (NEDC) [ J].Energy Conversion
and Management,2019,197.111893

Marotta A, Pavlovic J, Ciuffo B, et al. Gaseous emissions
from light-duty vehicles: moving from NEDC to the new
WLTP test procedure [ J ]. Environmental Science &
Technology,2015,49( 14) .8315-8322

Giakoumis E, Zachiotis A. Investigation of a diesel-
engined vehicle’s performance and emissions during the
WLTC driving cycle ; comparison with the NEDC[ J ].En-
ergies,2017,10(2) :240

ARBERL AT BT RE IR 454 SRS RETRZE 4 5 IX
SRHE T B B2 TS [ D ] AE AT R E Ak R 2 (E
) ,2019

LIN Wangi. Study on new energy vehicle promotion in
Beijing and its impacts on energy structure and regional
emissions [ D ]. Beijing: China University of Petroleum
(Beijing) ,2019

Heeb N V, Forss A M,Saxer C J,et al.Methane , benzene

[24]

[25]

[26]

(28]

and alkyl benzene cold start emission data of gasoline-
driven passenger cars representing the vehicle technology
of the last two decades [ J]. Atmospheric Environment,
2003,37(37) :5185-5195

Randazzo M L, Sodré J R.Cold start and fuel consumption
of a vehicle fuelled with blends of diesel oil-soybean
biodiesel-ethanol[ J ] .Fuel ,2011,90(11) :3291-3294
Cao Y D.Operation and cold start mechanisms of internal
combustion engines with alternative fuels[ C] //14th Asia
Pacific Automotive Engineering Conference, 2007. DOI,
10.4271/2007-01-3609

Lee D W, Johnson J,Lv J, et al.Comparisons between ve-
hicular emissions from real-world in-use testing and EPA
[ R J.

moves  estimation Texas

Institute ,2012
Pan D, Tao L, Sun K, et al. Methane emissions from

China [ J ].

Transportation

natural gas  vehicles in Nature
Communications ,2020,11 ;4588

PB4, K R R R K R R GB
18352. 5—2013 AP435 Yty HE I BRAFL B U 2 J5 95
(fPESE BB [ ST db 5. B 3R 5 A5 i
#t,2013

Ministry of Environmental Protection, General Adminis-
tration of Quality Supervision, Inspection and Quarantine.
GB 18352.5-2013 Limits and measurement methods for
emissions from light-duty vehicles ( China 5) [ S].
Beijing : China Environmental Science Press,2013
Tutuianu M, Bonnel P, Ciuffo B, et al.Development of the
world-wide harmonized light duty test cycle (WLTC) and
a possible pathway for its introduction in the European
legislation[ J |. Transportation Research Part D Transport
and Environment,2015,40.61-75

Chen L, Wang Z, Liu S, et al. Using a chassis
dynamometer to determine the influencing factors for the
emissions of FEuro VI vehicles [ J ]. Transportation
Research Part D: Transport and Environment, 2018, 65
564-573

Yang L, Bernard Y, Posada F, et al.Laboratory and on-
road testing of exhaust emissions of two modern China 5
light-duty gasoline vehicles [ R ]. ICCT: Hamburg,
Germany ,2018

R B RS , E AR B 5 2. GB/
T 19233—2020 ALK A MREHHFE RS 7 [ S].L
5 R ERR A RH: L 2020

State  Administration ~ for =~ Market  Regulation,
Standardization Administration.GB/T 19233-2020 Meas-
urement methods of fuel combustion for light-duty
vehicles[ S].Beijing; Standards Press of China,2020
Yoo ] H,Kim D W, Yoo Y S, et al.Study on the charac-
teristics of carbon dioxide emissions factors from
passenger cars| J ].Transactions of the Korean Society of
Automotive Engineers,2009,17(4) :10-15

Franco V,Kousoulidou M, Muntean M, et al.Road vehicle
emission factors development; a review [ J ]. Atmospheric
Environment,2013,70.84-97

Fonseca N, Casanova J, Valdés M.Influence of the stop/
start system on CO, emissions of a diesel vehicle in urban

traffic[ J].Transportation Research Part D ; Transport and



> 12 4 < 7 o o]
AR 24 F 2 ROARFAIR) 2022,14(2) :156-16
Journal of Nanjing University of Information Science & Technology ( Natural Science Edition) ,2022,14(2) :156-166

[34]

[36]

[37]

[38]

Abstract

Environment,2011,16(2) ;:194-200

Nilrit S, Sampanpanish P. Emission factor of carbon
dioxide from in-use vehicles in Thailand[ J].Modern Ap-
plied Science,2012,6(8) .52

Essenhigh R H, Eugene Shull H, Blackadar T, et al.Effect
of vehicle size and engine displacement on automobile
fuel consumption [ J ]. Transportation Research Part A
General ,1979,13(3) :175-177

Zhang S J,Wu Y, Liu H, et al.Historical evaluation of ve-
hicle emission control in Guangzhou based on a multi-
year emission inventory [ J ]. Atmospheric Environment,
2013,76.32-42

Quiros D C,Smith J, Thiruvengadam A , et al.Greenhouse
gas emissions from heavy-duty natural gas, hybrid, and
conventional diesel on-road trucks during freight transport
[ J].Atmospheric Environment,2017,168:36-45
Bielaczyc P, Woodburn J, Szczotka A. A comparison of
carbon dioxide exhaust emissions and fuel consumption
for vehicles tested over the NEDC, FTP-75 and WLTC
chassis dynamometer test cycles[ C] // SAE 2015 World
Congress & Exhibition, 2015

Pavlovic J, Marotta A, Ciuffo B.CO, emissions and energy
demands of vehicles tested under the NEDC and the new
WLTP type approval test procedures [ J ]. Applied
Energy,2016,177.661-670

Bielaczyc P, Szczotka A, Woodburn J. Carbon dioxide
emissions and fuel consumption from passenger cars
tested over the NEDC and WLTC : an overview and exper-
imental results from market-representative vehicles [ J].
IOP Conference Series: Earth and
Science ,2019,214:012136

Wang X W,Fu T Q,Wang C Q, et al.Fuel consumption

Environmental

[39]

[43]

[44]

165

and emissions at China automotive test cycle for a heavy
duty vehicle based on engine-in-the-loop methodology
[ J]. Journal of Physics; Conference Series, 2020,
1549.022119

Ma R Y,He X Y,Zheng Y L, et al.Real-world driving cy-
cles and energy consumption informed by large-sized ve-
hicle trajectory data[ J].Journal of Cleaner Production,
2019,223.564-574

YEREH AU R S 4 S TS B W) UKL 1L 7 241
HEBCRFAERE ST D] ALt AL TR, 2016

WU Bobo. Characterization of gaseous pollutants and the
chemical compositions of PM, s emitted from on-road
China Il and China IV diesel vehicles in Beijing, China
[ D ]. Beijing:
University 2016
WA B, RS SF R AR E TR S TR
EAHBURIE )] PR ,2020,41(7) :3112-3120
XIE Yan,LIAO Songdi,ZHU Manni, et al. Emission char-

acteristics of light-duty gasoline vehicle exhaust based on

Beijing Technology and Business

acceleration simulation mode[ J ].Environmental Science,
2020,41(7) :3112-3120

Wu X M, Zhang S J, Wu Y, et al. Real-world emissions
and fuel consumption of diesel buses and trucks in
Macao: from on-road measurement to policy implications
[ J].Atmospheric Environment,2015,120;393-403
Zhang H, Yao Y G.Construction of a light-duty vehicle
driving cycle based on urban road[ J].Journal of Highway
and Transportation Research and Development, 2019, 13
(4):95-101

Liu B J,Shi Q,He L,et al.A study on the construction of
Hefei urban driving cycle for passenger vehicle [ J].

IFAC:Papers OnLine,2018,51(31) :854-858

Emission factors of carbon dioxide from in-use

vehicles based on bench testing

WANG Qian' CAO Fang'

ZHAO Zhuyu'

FU Mingliang™”
LIN Yuqi'

SU Sheng® WANG Mingwei*

ZHANG Yanlin'

1 School of Applied Meteorology/ Yale-NUIST Center on Atmospheric Environment,

Nanjing University of Information Science & Technology,Nanjing 210044

2 State Environment Protection Key Laboratory of Vehicle Pollution Control and Simulation,

Chinese Research Academy of Environmental Sciences, Beijing

100012

3 Vehicle Emission Control Center of Ministry of Ecology and Environment,

Chinese Research Academy of Environmental Sciences,Beijing

100012

4 Xiamen Environment Protection Vehicle Emission Control Technology Center,Xiamen 361023

China strives to achieve carbon emission peaking by 2030, and the exhaust from vehicles on road are an

important source of greenhouse gas ( GHG) emissions. Due to the upgrading of vehicle emission limits and fuel

standards , it is particularly necessary to study the GHG emission factors of currently in-use vehicles.In this study, 14

in-use light- and heavy-duty vehicles in China were tested for CO,( carbon dioxide) Emission Factors ( EFs) under

the cold start procedure of WLTC ( Worldwide harmonized Light-duty Test Cycle) and C-WTVC ( China-World
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Transient Vehicle Cycle) operating conditions respectively using chassis dynamometer, and the corresponding fuel
consumptions as well as influencing factors were studied.The results show that the CO, EFs of vehicles are affected
by displacement, hot/cold start, fuel and driving condition. Vehicles have the highest fuel consumption under cold
start conditions on urban roads, resulting in higher CO, EFs,which are 26. 6%-199. 7% and 8. 3%-35. 5% higher
than those under full working cold start and hot start conditions on urban roads, respectively. Meanwhile , the higher
fuel consumption of high-displacement heavy-duty diesel trucks in urban traffic condition leads to a significant in-
crease in CO, EFs,so banning high-displacement heavy-duty diesel trucks from entering urban areas can effectively
control CO, emissions.Using LPG ( Liquefied Petroleum Gas) as a fuel substitute can reduce CO,emissions from ve-
hicles.LPG buses and taxis would reduce CO, EFs by 37.2% and 12. 1% on urban roads, and by 51. 8% and
20. 3% on highway roads.The current WLTC conditions, which are more in line with actual road conditions, still un-
derestimate the CO, EFs and fuel consumption of light-duty vehicles on Chinese roads by 31%-46% and 17. 7%-
26. 8% ,therefore to obtain more accurate vehicle emission data,we must accelerate the localization of vehicle test
cycles.

Key words vehicles; CO, ;emission factors ( EFs) ;bench testing; greenhouse gas;fuel consumption



