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ERREIEMNEIE . SR, B AT AR % (LDPV) (1) BC HEBUS BAELEAR K AN 2 1, o HeBhe = 4d
LM (PEMS) TR I L 45 R o ARFARTFR T — FOB B B4 PEMS V- & , FEXT 10 #0576 FH 223k
177 SEBRIE R BCHEBUMR . 45 2 W, 1 A BLBE (GDD 2240 BC HEA 1 (EF) (5 H 9 1.10~1.56 mg -
km™, S #ESE W (PFD 224 EFs (0.10~0.17 mg - km™ ) i) 11 /% . ¥4 12 3hlr BE BC HEs sk 8.3 , v] 5k
TSR 1 2%~33%. 5 ML [HI, AR X BC EFs A1 35 2237 R B AH O 1 (R? = 0.70) , 3% 3R W 2 28 il i 3

%ﬂ Al LA 208> BCHE . tEAh, BC 5 MUK A HOR B (PND HEU R 2 M AH 5 (R = 0.90) . 5 PRI A LL,
g 2 AT X 179 GDI 241 PN 5 BCIBHET HERCHE 3 1 A X A ) -3 B CVSP-v) I AU
7 HIR ©2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
o bl {) B Education Press Limited Company. This is an open access article under the CC BY-NC-ND license
Sk o 8 B HE A (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. 515 JURE AL R AR 0 53 48, T B AN F 148

MR (BC) BB =4 R 22 H T Ak £
VIRRL S AR A LA RRL AN SE ARk e . BC I LB
WG ZEAIR (COy 2 J5 HAT 58 % iR = 2N 1)
HHY). 5 CO, ML, BCAEEANAIEL, (HUKE X BC 4@ 5
S 3 ) BT 2R THT I R N CO, [ 2~4 15[ 1] HERIE, 4
BRAE FEL P 1 BC 1) 1 g A L ok R o v i A X
¥, ¥ FBOX LA X UK IRGE L, Hmit iR =S
[2-3]. SR, H HTX BC 5 2808 (A VE A A7 LEAR K 1Y)
ANHfE M, e — AN H S DR & R e 7 A 1Y BC TE
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SHRFTE[4-5]. ACEHRBUR ST X Ny BC HESU ) — /> 5
BERIR[6]o — LIk T R RSN 157 %5 B (1) BC A 2645 Mt I Y
SBIBCHE AR, A B R BCIRE & T
RXAMTAMEX[7]. Rk, BC 2 A5 A8 b 3w A b
TR 5 WO 2 A AT 0 38 2% AL 30 4= BC HE stk AT
FAE

FERIE, FEERRMZE (LDPV) {4 &l w
{25%[8-9]. fEid 3z 104Er, LDPV Y BC HE £ i@ it 52
o (RIEZEME0 FIFREEREE (B, JHPIERES DA
FIBEE KA HEATIE . SR, X EE TR 7RI & LD-
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PV (11 BC HESOH TAFAE BRI e . 18 & 38l
DAAAE I [ Wsgr K 2 B E R (NEDC) M AR S i
PRIZAT T, W RE2 S B AT EE[10]. £
TR, JURP B LA B (10 A0 B R (8] AT e 6V 78 4
JRWLST A8 SR Gk BCHE I RE A . 5 4h, ¥4 )3 S 1]
BC R TR 7 R A FL, i, fENEDC Lt
7 JE SHIEN T BC A HEUR) DT T I8 18%~76%[11]. 5
IR, EEINR RS (PEMS) AEUSHERGIC TS
GLWR i HECE, EANAT RS H (D 2R o e R R T R
AURBIHURES (g A< I B nridid E8iz i
Z4. (OBD) 343, Kk, BRI E S PEMS HikAE
T SEBR 2 BB (RDED IRRYE RGN N L 5 HE b
W CEPRR 6 ATE 6) FR[12-13]. SRTM, 20t & R o
TR F AR A BORE (PN I [13-14]
&4 N1k, B Wang (1512 T RAEH RN TIERIE T
ZEAM S BCHEBCZ Ah, 1M AR BF ST 4RIl LDPV 1 SEFRilE
P 0 BCHEURFAE . FR4RH, SHER R E R,
BE T I8 A SRR 7 0T RE 2 BROK b i 8 BC HETSUE:
Bl tn, Zheng FE[111@ i & 4400 & 7 LDPV ) BC
W, R EIREE T MR T (BF) JEEA
1.7~8.9 mg-kg™', AR T I T PREFE 2 I Wl -1 & Bt 72 45
R (B, Liggio [ 1410 A 45 R 28 75 mg kg™
Jezek ZE[ 1614 70 ()45 F 280 mg kg™ . Wang 5[ 15]33F
AT T SR R BN R AL RAEVE B FB I, KPR — LDPV
T 3 R ) R B R ) BC HEB L R AR BRI 8 KA
1045 (BI313 mg kg A139.5 mg-kg™). 4R, Wang
E1S]EA IR AT SR AT I I HE O &, BRIk ek
SIHTIEAT T BC HEW 52 md . PEMS J7 V& ReAE A A2
175 R SN BC HERL, X6 R AE LDPV 7E 52 brif i
BATI I BCHE B R 2, (R B 7T kD 26 43
Bro MEAh, TECHEISCHRIRIE S, B3 ANE 3 HEmobs ik
CEME T ¥ R T IAESTE RHRE, (HiRA
Xt LDPV 7E S2Pria 47 i #9743 3 BC HEGHAT R/AE. B
TLDPVIRE &R, AW EIF I & i a7 %14
N LDPV [ BC HESURIA 3 B HE -

AHE 58K H PEMS ~F & I 22 45 2 16 32 47 18 %) BC HF
G a3 5T AR EERYINFI AL 5L T 104076 LDPY, G4
HAE (PFD EHIFGLAN EBE (GDD E#. SKH AV-
LMSS Plus 1% #% (AVL List GmbH, BEHiF]) & 5T
WO AT 00 R IR, BCHER. AL, ARHFFRIE XS K 3
PUBEAR . AR 2 T PRI5E I R S o 25 35 4 A4 1) e i it
1T TIRNHT

2. 7iER

2.1 [ HO & R4 &

A FREIH A PEMS T & (B 1D ElR T &REMAR
4t (GPS). 2in (1 in=2.54 cm)S /&I & it Ecostar #11
R AL 3% (Sensor Inc., ZE[E ). Ecostar S A& 1
1% (Sensor Inc., F[E). Ecostar PNl 2% (Sensor Inc.,
FED A LB RS M BC K 2% (AVL List
GmbH, BEHLF]) . AR M AR & 56 H 3 B R 7 &
(EPA) CFR40 5 1065 25 FL € [17-18], {1 FAN 50 B2 4141
Frd (NDIR) FIE KJAE TR Es (FID) il & CO,.
COMLKE (THC) MEFHHER, MBI idRAERAEM
RBAVE . PNAIZ (RSFRT 23 nm) K54G foks il &
2P (PMP), @I | FE4E A ic kR PN K E[13,19].
RiEE AR EIE, —fa#EAPNENEE, H—#a
HEN BC A I 4% . BC A I #4877 75 28 R 4 LR b &
(SAE) AIR6142 454k, FTOumllE i iztr, et
AT b R R MR T R R HE L [20]. BC A 28 L
THNBEMBRY, MBERN20M (HTHRENES4T
M. ME A BC A TLEE NI O R, BC &
WRSCEOE I B RS S, S5 LA R I A
M3 BC b A7 & . 5 R e ity it BC il
B L, AHIF 7048 6 BC RS 28 7 HR 1 PR 208 6 B
T T B AL BC R EE 1 19 [ 21].

2.2, MR TR R R 2

PEMS MR T~ 2019 FAEH ERII (2 Mdbst (%
Z) @47, JLNE T 105 EH LDPV. Frifk B 244k e
T2012—2018 4, HH 6 LT & [H 4 FHEchn i, 4%
Frar B S Hegobn ik . 3 14 AL T B0 LDPV FE(E B .
PFI 4249 (1) [H 4 HEROhR UE T 2011 SE TP 49206, GDI 44011
[l 4 HEBSObR A T 2014 SF TR 46 S, [ 5 HEBOAE 52016
MR N AE G BI20184F, 56 H 4 0
S HETRObR #E R 225 o5 A LDPV 1 80% LA |, AR
7 4T LDPV BT a5 [22]. # ) LDPV 6 B (#
1~#6) TL#% PFLARBINL, 4% (#7~#10) AL%& GDI KB,
FIT G 4038 A e B 7R R kL i € 88 (GPFY. A TS
AR SR BCHER, BT A e AT R 4 6 h DA
Fo WHRE, WY (A REd, BEREEIEAT
M, RIHLAFEE RIPLHD SR ZEE2 °)CUAN . Jbxit
(&Z) R, REFMPEMS T & 1 2 B4R 7E 296 =
BEAT o SRR IEELI N 25 °C, WA TT 7T 45 B AN g S A%
R ¥ E 2 BC HERSL
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B 1. AHF 7 PEMS & . GPS: &EREM RS,

R1 FEHERILE
. . o Curb Fuel After- . Mileage Ambient
Vehicle Model Main Emission ) o Engine
Manufacturer L weight injection treatment . traveled temperature
number year * application standard ) size (L)
(kg) system device (km) (°C)

#1 Ford 2012 Private cars China 4 1340 PFI TWC 1.8 130957 2
#2 TOYOTA 2012 Private cars China 4 1300 PFI TWC 1.6 58747 33
#3 Buick 2015 Private cars China 4 1430 PFI TWC 1.4 91334 21
#4 Buick 2015 Private cars China 4 1595 PFI TWC 2.4 118347 3
#5 Volkswagen 2016 Private cars China 5 1265 PFI TWC 1.6 104611 22
#6 Buick 2017 Privatecars China § 1225 PFI TWC 1.5 57949 24
#7 Volkswagen 2014 Private cars China 4 1600 GDI TWC 1.8 28976 22
#8 Dongfeng 2016 Private cars China § 1305 GDI TWC 1.2 72495 33
#9 Honda 2018 Private cars China § 1205 GDI TWC 1.5 11367 27
#10 Chevrolet 2018 Private cars China § 1520 GDI TWC 1.5 50912 3

TWC: three-way catalyst.

* The model year could be one year earlier than the actual year of production and registration.

IR 2 A HE =M B R I IE B T A PR A
RN . AR MIE B B AT I AR IS 290 16 km,
T T LTI R S R R T N % PR T B B 4y i D (21
7)km-h™'\ (50£15) km-h' fl(76£14) km-h™ GEZSH 5% A
IR SD . ZERAT R SR B s, 755 6 VR AR
#E[23]5

2.3, fFETE
BC EF XHAAX (D FAX ) #TiH&E:
3600 x (Z;’ZIBCiDRiK)

EFyc o= B (1)
Ei:]Si
EF . u = 1000 x
" BC,DR/JV,
12 Z’112 12 we (2)
2”(44 xCOy+ 5o xCO+ T3'ee xTHC,.)

K, EFge g & TATH K BC EF (mg-km™); BC,
FEH IRV ) BCIKEE (mg-m™); DR, 25 i #P I (¥ 7R
Eos VRS (m’-s™) NEHSE: SZFEMAER M

AT EE RS (km): EFge g /2 %E Tl #6109 BC EF (mg-
kg™ CO, 25 i I CO,HIME (g); CO N i TP
COfFitiE (g); THC NE i fPi THC MHEBE (25 w,
I BRI B R (0.866); i MR ITHANS H]; n
RS H N a] . R4 F2 1 CO,. CO M THC [ EF #3941 T
s AR S2 .

AT I3 F 2 AR ZE A HE Ot 78 Hh i) — M 22T
15[24-25]0 Z R RENNLLThE (VSP) K B4R
e HE S 5 2 T R RAE K [26-27].  VSP [ Jiménez-Pala-
cios [2814& i, F T R/ BRI 4 AL it & R [ ST D%,
BRZEVSPIFHITEM A (3) [29-30]f7~:

VSP,=v,(1.1 xa,+9.81 xsin 6+0.132) +0.000302xv} (3)
X, VSP RS iR IR BINLEE TN (kW -t v i
PO 7RIS (me-s™)s a2 28 i RIS IR E (m-s™);
OB BRI GINEED o BRINAN AL 5 1 T % L ol L 5~ 4H
DA, AR 50K 8 4 FE AR . R Zhang 5 [29] )4
8, THLEIeRYE VSP R 4y, BARRI 577350 T
P AR S3 .



HETARERPEA (BRI PFIFIGDD M DFEA K
TG, BC PN P HERGE R R AR 4 A
A (5 HHATIHHE

ER,,=BC,DR/J, (4)
— 1<
ER, = E;ERJ;,. (5)

X, ER, FERBIHUHEAR AL 2R i FD T 1 BC B PN RS
(mg-s™'8(s™); ER, RN AjFTHLETTE T BC
BPN P HERGE R (mg-s™'Bis™); T2 TH eItk NI
R Adl S i R AN R (W PFI. GDD; &
2 THRTHFS CH VSP R E T2 30 .

N LR, RAAR (6) iHHE2KRS—

BRAEGNRIEHR (WLTC) MNEDC T BCHEK :

BC,,.., = BC .+ = ERXT, (6)
X, BC,, &Ml (RINEDCE WLTC) [ BCHE
& (mg): BC,,, AW 8 ) A T & BC ~F
PR (mg); ER & TULH Gk I3 HBOE %
(mg-s™); T, /24 € 8 T L5057 k B 55 220 ) .
WLTC #1 NEDC {143 & ity 2% F1 5 [ 73 A3 it 5% A 1) 1] S1
FiR, FEABEEST 3K S4.

WLTC AJ 739 4 B Br, P34 FZ 53 71179 18.9 km-h™!

() 39.5km-h™" Chid) 713 km-h™' GRak Ak
W), SARBTH = ME R SRR P FE AR Y . WLTC
103 FE AR A IX TR 7 1 ASBIE S BT LG . DR
K H WLTCAE A FEAME T AL, DB TEAS R SEBRla ) 45 53 .
FKH AR (7D HEH4SEPR BC EF 55 WLTC R i)
EF:
3600 x EVLEERkXPk) -
A, EFpe g 240 € BE LHLEIA (B WLTC) R BC
EFs (mg-km™); P, & WLTC F L% 5T k [ 8] 73 44 5
Vo /& WLTC [P (km-h™D.

S BT (R ST T 2R A HEORT R R FE 5 - 38
(53 Bi7 of $0[29,31]. T RATT i, AHE S AT E L
R0 A T, ST & AR O T FIARX BC HETK
5P 2 MRk R 27], BEfkE XA 8
JiR .

EFBC,disO =

EF 5 dis m
EFBC,diSO
A, REFy,, & B0 2 8578 52 T 00 m T B AH XS BC EF;
EFyc giom e B LI m NHIBC EF (mg-km™); m /&5 T
HIFF5 .

REF,.,= (8)

3. £5RMIE

3.1, P45 BC HET

GDI =4 BCHEBOT & T PRI ZEM (E2). PFIZE4H
(#1~#6) & TA7 38 HLFL[1)°F3) EF 25(0.1240.06) mg-km ™'
T GDI 4= 4 3% F 17 3 B 72 (1) BC EF a4 1.10~1.56 mg -
km™, “FIME A(1.31£0.21) mg-km™, J& PFI A4 10 1%
DA ko AR ZEA0 I BC HE T ZE 5 v] RE H B Tk 55 5 5 AR T
TR 7 AN [F] 3 5 [32-35]. GDI 4240 [ (L Py BE VR B % DL
BRI IR G A 2 REEZ MRk (RIBC) .

GDI 1 PFI Z= 4 5 Tk il (1) °F 3 BC EF 2 [A] ) 22 57 [+i]
I PFIZ#/ 1.83£1.01 mg- kg™, GDI Z 4 N 19.75+
439 mg-kg'o HTHARHEFER) BC EF MR H AT 4
Y (B1CO,» COMTHO) MHFMEITE GEZ MMz A
M2 S2). Bk4h, CO, R EF }(210.06+38.64) g-km™', CO
[ EF 4(0.911.00) g-km™, THC ] EF J4(0.02+0.01) g-km.
TR HE O™, AT 58 Bk D 42 491 CO A1 THC
GG T A E B4R (1998—2002 4E) LDPV ZEBL (CO N
2.39~39.28 g-km™', THC 40.11~3.30 g-km™) [36]. ifj CO,
M 5 e i 7oA 24[29,37-38].

[ Urban roads (including coId—starlt)
3.5 [ Rural roads
B Motorways

#1 #2 #3 #4
PFI vehicles

Tested vehicle ID

#5 #6 | #7 #8 #9 #10
GDI vehicles

B 2. W Z R R A B LI BCHAE . ID: T

I RN, GDI AR AR — 4 FE X (8] A 1Y BC HF
R E T PRI (K3, AARis, AREEAT,
GDI 41t BC HERUE % PFLZEMAN (8.1+1.6) %; ik
AT N (6.2+1.00 fif; mEEXTH 49+1.D fF.
I, Bl GDIVAZTE F BV E T M SR 8Tt &,
JERAEAT B 24 23500 BC HEBUE AR . Chan 55 [39]4: T
BRI 45 R B, 22 °CHY GPF E IR GDI 2250 73%~
88% I BCHEML. #R1fi, McCaffery £5[4017E 3 E V& A2 0L ikt
171 PEMS iR 46 45 7R, GPF %t GDI 44 i BC 2:F %%
RN 44%. Rk, T B47 50 GDI 424%, 3 GPF



(RS2 bR 2 RCR AT e SRS EAFAE—E 50, HEEZN
IR K DA AE B b 5 5 GPF X BC [ BR 0K . b4t
TEFTA SR X (8] P, BC V¥ HEGHE 2 2416 VSP F) 48 i i
M. WA, 76 bin 35 ] bin 3y (EIEE TS o, GDI
ZEAF (1) BC P 2 HE G Z M bin 35 f£1(0.009+£0.003) mg + s~
03 bin 3Y £7(0.04+0.01) mg-s™'. [FFEHL, M bin 21
bin 2Y CEPHIE T4, GDI A4 BC P4 HEHGE 548
T 8f%. X T PFLZAERN, i Alim VSP Ll ) BC -
HEE 2 5 ) AR A VSP T R 3 581 10 6%

AT FEIE— 50 AT 1 AN [F) 25745 Wk o PR T B ey ok
R, HR2, HTAFRERERREPHFHTH, 4558
R T 2R (2925 °C) W RN FARIER[(3+1) °C]
PO AT M P BCHEUR . [E 4 PFIZESH (#1 Al#4) 1)
475 BC EF 4(0.15+0.022) mg-km™, 1fj &7 (#2 F1#3)
e HE RO 9(0.15£0.078) mg - km™'. 5 S5 BT B9 W 7T [39,
41TAH L, AW T8 4 ZE R0 1 28 2 [a) B HE TR0 22 S A O A8/
FATHEN, FEZIEE X LDPV B PGS AT HEBGY N, H
XA R SR AR . B A I S2 R TR ZE
5 FGZ AT J A0 A 4 4 1) 3 T 2 BC HERGE R . PRI
GDI 47 & A AR E H I BCHEBUE A B E S (p>
0.05, v, p MR, XUESE T RRATHEN . X —W
LR 2 AT = E s R, FEW He % [14]19
iE, fE#JEZ) WLTC LHL T, PRI R34 BC K
FAE 30 °CHI-7 °CH} 43 51 24(0.16+0.05) mg - km ™" F1(0.59+
0.18) mg-km™", GDIZ4HM| 43 7 79(1.14+0.98) mg - km™" I
(0.66+0.30) mg-km™', K BIAEEIE EXT BC EF % H B i &
Mi[41].

3.2. ¥R B%F BCHE HI 52

AFERISER BCI LS BB, RWEiiE g L
JA S B BC HER G 5 T S TR B, X 5V 2 0k
T & 2L A T4 R — 8 [11,41-42]. BIU1, Chan%%
[3OJ7EBE IR AL 7 (FTP) -75 %5 1 i BY (3EA JEH)
FHIBCEF &% 3B 105 £ 4 - Zheng Z5[11]3R 14,
MG & 2L I bR BC IR Z5 H, W E SRS )40
T 100s (6 MFEAD [11]. Hk, AT E EWHE G
100 s WA BN B R0 EUE Bor, PRIAFRAER 5 3)
U 1) £ 7 251 HE T B 9(5.7+0.6) mg.  GDI ZEMHAE ¥ 3 3
6] ()T 5 R 9(16.140.9) mg. #E74 R EhIE, GDIH
IR IR TG ZE AN SRLBE 2 DRI 28 SRR, &
SRR KR PR A BE 2 1 BC [43]; PRIAEYA J 3 33 ) )
TR EHME R IRANA M ZE AL, 5 SO T i 5 1Y)
A ERAREHA LA 524, BC HEBOT #i[42].

4, PFIAI GDI A4 1E ¥ J5 20 1 18] (1) BC HE8CE 4
il 5 BC HEBUS 1 2%~25% A122%~33%, 1% 7 LA T3
il 3T & 2R IR A BIF 7T 45 BL[39,44]. fldn, 7ENEDC T4
™, PRI 5 3 B Bt BC HE R & 1 5Tk IA 2
44%+26% [44]. 1X F B T 6 22 0K B AT Bk PR B A
[NEDC F 5 10.9 km, ifj PEMS il i 71 4 (48.3+0.2) km],
MR T4 BB B S b, eah, FEARRFFEH, GDI
RV I Sh I BOG BC HERUE B 5Tk 5 T PRI 460, 1X
FWBC M A T4 R s B, GDIZEfEA
AT () BC HE AR B8 B 5 R ey . [ 3 HEsUhr i L&
B T SAT5 AER TR S P HE R . V280 Kk
LI JE SR HER AR AT EHEAT . 0, @ Rk 5

0.06
m  GDI vehicles
Vv PFlvehicles
0.05
v 0.04-
(2]
= |
1]
9
© 0.03 4
C
Kl
[
L
§ 002 +
: }
o
0.01 *} }}} T
v |
E§E§E7 E iyti vev ¥
0 Yy T vy o vy VEYY vV eywyVwy¥Y hd
— 1 T 1 1 T 1 T T T 1 T 1T T T T T T T T T T
O - - N M ITWONDPD- ANMIT IO ONIDDX >0 O©N DD X >
P NN AANANNNNANDOOOOO o0 o
mmEEELE L L L L € c e e e cecceccecccecc £ c £ cc
DN D DD DODDNDODDDNDDODDODDDDDNDMOHDDODDONDDNDDNDMDMDN

Operating mode bin

B 3. PFIAIGDI 440 AE A [ AR A A TE BT 45 BCHEIICE
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IERPAR AR S T TIER 306 BC (BRTki) IHER. b4k,
A LLEE T (1500~2000 r-min™) 8 & S LR Tk DL
PV SR Bl IR R A BE VR K IS, AT D BC IR [45]
—— X GDIAI PFIZE40, AT DLRE R B s £2 = 3]
1500~1600 r-min™", #RJ57EJLFP A T %325 1000 1 min™
GEZ WM % A B EIS3,  DLZESH#3 Fi#9 A, BIFEA
J& BT B i BCHERUR A B 58 i iR .

3.3, B AAEX BCHEBUTI R

2 0 2% At % LDPV 1) BC HETSUCA & 3 520 . G4 7E T
BTG B AR A BC HEBCE: B3 T 3 PR | HGE 47 IS 56%
£34%. BEEERTERIRTT Clndb s FRYID (AT 3 %A%
B P85 22 20 km-h ' BLE, AT LA 20k b A A BT
BCHEK (B 4.

SRIM, s A b R A BILI i A AR 1y 47 28 S mT g
58U PFI A1 GDI =48 1) BC HEBU o il 2 % E1RSF3Y
BC EF LU 40 38 B 7 60%+78%. X —45 B 5564 1 &
DR R T 4t R — 8, 7F He & [411IWF 7, GDI %4
1 8 5 B B ) BC R b s B By 103 % +78%
PFT =400 75 490 %6£265% , X 3% B PFT 24 (1) HE Ot e
(12 B AT 9 B Uk

[ Cold-start [[] Hot-running urban roads [0 Rural roads [Jlll Motorways
100+

» [e2] o]
o o o
Il 1 1

Contribution to BC emissions (%)

N
o
1

#1 #2 #3 #4 #5 #6 #7 #8 #9  #10
Tested vehicle ID

B 4. FrA MR A 2R S B F T BC HERU) ik -

B4 B8R T &MEMNXMLE G5B, WilEsgkiz
17 THARTE B ANl A ) X 42 BC HE U 2 (1 DTk -
BT TE B GE AT I B R R (B7%+15%) , HIR 2
WA B (27%+12%) . TR IE B (20%+8%) M4 5 3
(17%+10%) - EIR¥ 3 Zh i B AE i 42 e AR 1 o
ELAR T 0.1%, {HiZRY B Y BC HEBUE HEUE & A i Ltz
AT AR A b, R A S B2 R BC HEUK &
BOTHRE . (AR, WTER BRI BC HI S AR

BCHEM BN —F L (54%+14%) . A, PFIZEMLE
F N AT BN K BCHEI DT RR M 31%+12%, 151 GDIZE
i (20%+8%) o LB PFI 4247 1) BC HEON w1 67 200 il
S AFE RRUR . R 2 T S5 6 BC HE R B TR 5 P ik
PR m ARG . R R HEBCE R A (6 i E
WLTC I NEDC '~ ] BC #Ejit, WLTC T [ i i B Bt fi
NEDC N IBRIM 2 55 2% 51 22 4 MAAE T (ECE) 435
GDI ZE48 BC HF LS 5 11 55% 1 62%

Bl S R TR ToL (RREER 12925300 ) R AR
BCHEN 53 s 2 [ B ARG . R AR d@ s, |/
P TR PR E) 20 km-h ' DUR B, A X BC HE R 35 1
T AR BC HERT 30~80 km - h! i 7 3 47 B 4% 1R U
o AR, 24 P25 90 km-h™' i, A% BC HEBE
FEP R G IN EIn AHF AR T — AN AR M R 2L
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Distance specific emission factors

Testing method and

Fuel consumption specific emission factors

Study ) Model years (mg-km™) (mg-km™)

nstruments PFI GDI PFI GDI
This study PEMS 2012-2015 0.10-0.17 1.10-1.56 0.73-3.61 15.61-24.85
Ref.[40] PEMS 2017-2018 — 0.11-1.00 — —
Ref.[16] On-board tailpipe ~ 2006-2012 — — 0.57+1.19 —
Ref.[11] Dynamometer 1993-2014 0.05-0.33 6.5-7.6 1.70-8.90 —
Ref.[42] Dynamometer 1998-2011 0.06-2.20 1.09 — 36.00
Ref.[39] Dynamometer 2010-2012 0.11-2.04 1.33-4.42 — —
Ref.[41] Dynamometer 20122015 0.24-0.67 1.62-4.08 — —
Ref.[14] Roadside 2010 fleet at Toronto — — 71.2-151.8 (not specified)
Ref.[50] Roadside 2016 fleet at Londrina — — 25.7 £ 12.4 (not specified)
Ref.[15] Plume Chasing 2011 fleet at Slovenia — — 280 (150460, not specified)
Ref.[54] Plume Chasing 2007 fleet at Los Angeles — — 60 (not specified)
Ref.[55] Plume Chasing 2007 fleet at Beijing — — 300 (not specified)
Ref.[51] Tunnel 2006 fleet at California — — 26 + 4 (LDVs, mostly powered by gasoline)
Ref.[49] Tunnel 2004 fleet at California — — 30.4 (LDVs, mostly powered by gasoline)
Ref.[52] Tunnel 1997 fleet at California — — 35 + 3 (not specified)
Ref.[53] Tunnel 1996 fleet at California — — 30 + 2 (not specified)
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