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Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

The goal of the International Council on Clean Transportation (ICCT) is to dramatically improve the environmental performance and
efficiency of personal, public and goods transportation in order to protect and improve public health, the environment and quality of
life. The Council is made up of leading regulators and experts from around the world that participate as individuals based on their
experience with air quality, climate change, and transportation issues. The ICCT promotes best practices and comprehensive solutions
to improve vehicle emissions and efficiency, increase fuel quality and sustainability of alternative fuels, reduce pollution from the in-

use fleet, and curtail emissions from international goods movement.




LS R T R T A

JRINGE G AR B
e —
(=
IR GRS « AF (EGRS#TH) . Benjamin Sharpe (AF5751).  Fatumata Kamakaté (JiE +{T).  Kate
Blumberg (JFH 1),

TEE R4 William SFlora Hewletths G ANRRIAL G iy E A 4L BTN E , RS HIDIOR 2Ry F&
I RSB ES DRI E . T IR A B ORI B, TEZR R ERAE B P AR S . Beoh, B TEZ ORI
AT RE R ERSEENREAT, Bighif ST I EBAS A = 53 RIR RN E B

o INMEEBHLEEAE S SIS0y K80, Tl Vance Wagner. T, (740, ikigie. T4

o R O, BRER . B

i

o PEEMERIEAIREE: BE. B, EIR. SRR
o EFIMER: Mary Manners, Linc Wehrly, Erv Pickell, John Weihrauch, Khesha Reed;
¢ Chuck Freed (17 &% 57);

e Chuck Shulock G/ ZHH%55);

RElf RSP E R REREEINE . 222, 32k,
o FIDTEZRSEE = F4a%:
o [EPRETE R IMZEG12s: Anup Bandivadekar, Anil Baral, Ray Minjares, Ed Pike, Francisco Posada.
PURICCTEY SN A RS T TN S %, (TR AGTIR 5 th E & AR iy 21 Es
ICCTHFZRL A A:

Michael P. Walsh (=)&), Alan Lloyd (1), Drew Kodjak ($4{73:{F), John German (Ji[H 3={F), Kate Blumberg (Jii[H ==
(SN




Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

Authors:

Freda Fung (Senior Policy Analyst), Hui He (Policy Analyst), Benjamin Sharpe (Researcher), Fatumata Kamakaté (Program

Director), Kate Blumberg (Program Director)

The authors would like to thank the William and Flora Hewlett Foundation and the China Sustainable Energy Program of the Energy
Foundation for their continued support. We are especially grateful to Mr. Tang Dagang, Dr. Ding Yan and Prof. He Kebin that
contributed generously their time in reviewing versions of this report. We are indebted to the following colleagues in China and the

United States who shared valuable time and information with our team:

* Tang Dagang, Ding Yan, Vance Wagner, Yin Hang, Ni Hong, Zhang Haiyan, Wang Ruosu from the Vehicle Emission Control
Center (VECC)

* He Kebin, Yao Zhiliang, Huo Hong from Tsinghua University
* Yuan Ying, Bao Xiaofeng, Yue Xin, Hu Jingnan from the Chinese Research Academy of Environmental Sciences (CRAES)

¢ Mary Manners, Linc Wehrly, Erv Pickell, John Weihrauch, Khesha Reed from the United States Environmental Protection Agency
(US EPA)

¢ Chuck Freed (independent consultant)

¢ Chuck Shulock (independent consultant)

¢ Huiming Gong, Xin Yan from the China Sustainable Energy Program of the Energy Foundation (CSEP)
e Michael Quanlu Wang from the Argonne National Laboratory

* Anup Bandivadekar, Anil Baral, Ray Minjares, Ed Pike, Francisco Posada from the International Council on Clean Transportation
(ICCT)

The following ICCT participants and staff closely reviewed this report. All errors and omissions are the sole responsibility of the

authors.
ICCT Review Team:

Michael P. Walsh (Chairman, Board of Directors), Alan Lloyd (President), Drew Kodjak (Executive Director), John German (Program

Director), Kate Blumberg (Program Director).




LS R R R T A
RIS S AR R

I BIEIR cervererermsereetites sttt es et et a e h e s e e b e e ssa R et h e st sae st ae e 1
2. TRHSTETSEL coeeervererermese et sttt st ea et s sh e st sa R s a st s eas 10
21 S SR TR B TTZRIIEL XL wveeeeserereesesesenesmssseseiessssas s cse s ss s sessa s ees 10
22 JEELRIE oreerererereressitet oottt ettt h et e s e et h e ea bbbttt e 15
30 BIERIRAIHUHEEBRHE +eovevererererrrsesermsereetsses oo sestss et et eae sttt et ses s et eb e ses s b s s ettt as e s eee 25
RIS TR 223 S 26
R I U Iz N T PP PRRPP 27
33 BRI SHBIERI} oveeeovrveseseresereeseseseeeetet st es e sttt cae s a e et eae et a et s e e eae 29
34 AEEEE U A HIAIIE wvoverveereseseresmssssseiesaesteaes e ses s st es s s et e st es et s s et aessae s ees 30
35 PRSI «vevevereeeseseseeemssrsereessssteaescaeses s st es s st sas s sae s en s e s e s 30
B B woeeresereeeseeesee ittt s e a s e s e e s s e et s 30
Ao DHEUTELERHE wveeereesereeseseseessstnsete et ee st et e be et s et b e s e et ebe s s eb et eas st be e et eb et et eae 34
A1 FOHPRBHERIE -+voveeeeesesesermserseseses e sestetste ettt s sea et ebe st eb s eas st eae ettt eae s eee 36
42 BEIIBRBHERIE -+vereeeeesesesermserseseses e ses et ste et sttt e s ea et eae sttt eae et ae e et e 37
43 AEREISEEIRIIERIE wvvovevererereereseseeessssseteiessse ettt saeses et st s s ettt eae ettt s ettt sae e eae 39
4.4 PEEM SR HETTHERIIS [ IBERL «-reeeeeererererereeseeseesssesetesessssse et eresea s s s s et aeseaesnnsesees 40
U5 B +oeerererereesoresee ittt ettt e e ea st ea e e s e R e ea s et e a et s e e 41
5. TEEHIARRASTIRIISEHEITES +veeeveeeereeesseessesssseesessteeaeeetteeetesesbeeetesesbeeebesesbeeebe s s beeetesebbeeebesesbeeeteeas 44
5.1 [AFIRESCIRAR: EPAMTEMEERETIRIGIITTES e rrerrereressesssssessmsss s sesssssssessaesessnens 44
52 EZEGE R TR TTIRMEDL -reoeoveverereresersereeseiese et ese et ettt ae s et s e e 56
53 TR S PR R ST H DA R [ R JE AR BERE +vvvevereserereeresereessnesesesessee et s 59
5.4 B woverererereereesee ettt ettt et eh e et ae eea s h e ea s e bt ae e et h et et eae et eae 62
6. IRBHEIW BT HIAFREGHIJTEE  oeeeeeereerereeeraerteetee ettt ettt et et e et et ettt it e teeteeteeteeteeteeteeteeteeaeeees 64
6.1 EFHRE (EPA) [RIFGEFRAE T GOMIGR «eeoverrerrereeseseeee et e s 64
6.2 FIASHIME SRS BT ZRUGR -eovoverereeereesesereseseesesesesesessesetees s sttt esessa et et es s e s ses e snsses s 70
6.3 PRI SRS BT ZRIGR -eoveverererererseseieseresseses e ses et eae s see et e st sae s ea s et s s s 74
6.4 TR S R SR AW BT H R PR S FRIEIR [ HIREREL e verereeeemereresmnnseseessnsssenescnesensnens 76
6.5 HEI +oeerererereereresee ittt et ettt et h e h s b s e e s b ea e b s bbb e et s e et eee 77
7o HETRBRERIHIGASBIITEE wvovererererersereimsereststesese ettt ettt eae sttt et ea s b eb e s bbb e s ss ettt easena s eae 79

8 B G |y s ¥ A 80




Overview of China's Vehicle Emission Control Program

Past Successes and Future Prospects

7.2 I HE ORI DA BT GOBIEL <+vveeerevrerenensnrerenantitetennttteeent e e s et te s st te e s sate e s saaneeas 386
R T o I | T oy 0 0 AL 88
T4 GREIIRZEIIEUR covvveeerrrreresemsoeree et ee et ee et te et e e e e st se s e eas 89
7.5 JHEISL eeeeeeeeeeeeeeseureeenaitieeee e e et tee et te e et e e et aee e e et e e ee e beeaeaeaeeaesbeaeeeataeaeeesnaeaas 90
8. JRBHABFHERIIEL G AETLITES cvoverereereerermsenseesseestes e ste st s e st s et sae ettt se sttt s tes s 91
o B | Ty 2 Ly e s T 91
8.2 HHEIRRBIA TP BT ZOHIIR  ++eveeersnreresernnte ettt ettt ettt et e 94
TR 2t 3 P 98
8.4 UABIBIAEIRIMEFT +vveeerrvreeserssnenesemiotetes sttt tesestite e st tte e e st bee s e satbee s sabebes st betesstabetessasaneeas 100
8.5 JHEISL +veveeseneeeeneitteeeniat et e et e et es ettt e ettt e et e e e e et ee e e et e e aetbete s et tetesesaneeas 101
DI = T A0 b T T oo o 102
DT T 12 TS 103
LY e a e S 104
LT A 2 . T 110
DS e P 115
DY o 1 2 33 AT 121
10, ZSSZITTAGHEBLIT I +ovevesersssenessnionetesanitetes sttt tesstttetes st teeessutbessestebeesessbetessessbetessasstetenssnneaas 122
G v LT 125
S 72 L P 127
W3t B: T EHLED G R (e BEES WVEAL 52, BRI SCABIE Sl - eovvvreeeeernrenesesisnenansnnnenanans 128
Bt C: 250, R, TR EIAS BRI HETUBRHE -+ vveeeevvreeeessrssneennaseneeenisistesansstetessetesesasstesessssnesanens 151
Bk D: B ZIERA/IV, 5IV, 6/VI FTZIIEEA  wovverreereerremrmenense sttt sttt 163
B % Bz BRE S BT TEIRIEGI «+- v vveeeesrsnreeensnnneeennnttteea st teeee it te s eetbe e st te s ebbetes sbateeeeas 169
Wit Fe o, BROE, 250, MIANBRBESBURIRTEL <o oovveeeersrrreeemmmenee ettt st 172
% G JIPRIZE [ 22 505 St B A Al P B B R TR B SRR - eovvvvveeememvenessmnnnenesentetensiitecens 176
&}
B 1.1: B4 T4 B G JC RS PR EEIRIIRHE T S EE  +vveeeevvreeeesssenesemioetesentetesestte e st te e ette e st ee e sanaeesennns 4
P 1.2: BUATEE IS 5 T BOHEEGE 2010 — 20304 (1000 23T -+ecveenreerrnemmneemmtente ettt ettt et e e 5
P 1.3: BRATAEE . 0030 7 SRR A I 05 B T 20304E AUHETGRETY (LO00ZME)-+++-vvevvveervrersueenruennteentiennecntieneens 6
P 1.4: 25 RIS HE PEANTTET JRVBER  covveeroveererreeserseen et e st e sttt et et et et et et et e aas 7
1.5: S BCE T 2L IT IR T TR 20204F B2 20304F <+ vveverersnveressrnrerenanutetennititeeenstiteeenseieeeas 8
B 1.6: St 77 SR 7 VIR AL B HETI 202045 F2 203041 ++vevveeersseesnserensierensernnstesnnessnnesnnnns 8

Igl 2.1: 1980 — 2009 6ﬂi$m%ﬁ%§ (ﬁﬂﬁ!ﬁ%@*ﬁ;ﬁ:m%@‘ 131,-;*[] F_J‘j:) ................................................... 11




LS R T R T AL
RO S AR R

B 2.2: LR RO BRI LRI ovevrvreeeseeesessos oot esssssos e sossae et ses e s s s 12
B 2.3 HNE T oA B St S B TR BIES AMIIRACR (BRHETTANEE)  eoeverveesosersmresnsmmemss s s 13
B 2.4: 2010 — 2030FE LIALEI TR LD, -vevrererereessessmsese et emisses s sessae st s sa s s s 16
2.5: 2010 — 2030LERBEHLA TARATEUELL < veveerereeoseresesemereeeseee et ses i s st sa s ses s es e s s 16
B 2.6: BUFETING 5 T BIHEBOEIA2010 — 20304E(1000 Z3IHE)-++-+seveereesereresrmsemmsesesansesssessss s s snssaseeans 17
27 BTN 512 F AR EERUEIZA2010  20304F  ++eeeseersserssmessersssnreseesssersssssseessssesssesssesssnnees 7
B 2.8: BUTESPE. S0 5 SRR I 2 R 20304E MHEBCEBE (1000Z3E) -+ -vvvvereeevrersenseserseasisiesenscae e, 20
B 2.9: BRI FEREITET RBUIBUL  cooveeeereerereesssssesese et et st cas s s st ses e s s s 21
B 2.10: BT/, B SRR RN 5 FICO, HEBGEA2010 = 20304 --veevrererreserserseirseieesessensenans 2
Pl 2.11: B4 RS KRR 2 B PR PRI FUMEL I B FRE 2002 — 20302 +evvvvvssensssvssensseeisins s 7
Bl 2.12: BIATITR BG5BT RIGF T I RBHEBORI2010 — 20304F -ooveveeersesmmsnmssmnscsesnensees 24
3.1: AT R P 2 BRSBTS «oeeeeeeeeermeemermerten ettt 26
1] 3.2: Tp TR B TR R Sl T AR USR] 2" v -vvevvemeenemmmmmemmene e ettt 27
B 3.3: PRI IR B, IR TR R HESTHGIRIIZE  cvveerereeereresesessnresmseansnsesssse st ses s sos s ss s ees e sns e 29
[ 3.4: P SRR HESTHAIT I FE  coeeeeeorrerereeeerennmmmtiteteeees e sttt e e e ettt e e e e st eee e 30
B 3.5: AR VISCHEES S FSORIYT (PMD [HEIGEIZ v evrveereremmeeeseassss s ses st sns s sessas s s 31
B 3.6: AT EVISCHES S F RGN (NOX) IIHEBGEIZ «rerevrerererersmee s ies st s By
B 4.1 SEIURRHERHESTIIIIZE e veeeesereseserssresnssmssessos oot saass s e s st sa s s s 35
B 4.2: FOMIRRHRRESZIIIIZE  -eveeeeseeeseseessresesemssessossae et suas st e s ettt et s 35
4.3: TEE 5 D 15 B S TS BT S HLHIREREID  ovevrereereeseseosmsesesesmesescss s sessse s s ens 39
B 5.1: EPARUIEISERAEBIRISOGITEE  woveveerererereresesemsmsesesesasssescsssessossaesesesssesses e s sas e sessns s snscenens 46
B 5.2: EPA T8 25 Mo IS T AL R BIRIISONGITEE e veveerererereremesemsmseesensmseessas s esssaesesensssenscennns 51
B 6.1: AL RGN, TEIARE A T ITERE]  ceveeeereersormrrmernereesemnmnretetee e e sttt te e e et 68
B 6.2: FIASHITEEEIIR AT EE  wevereeerereseresesmssssesces s ses s et s s e sos s e ses e as e et sa s sns e 73
B 7.1 ST BT PERR AL v veerereeseresesoresesessasses e s st ses et et s 81
B 7.2 MIHERREEREER AR +orvreeeeeereeeseresesesssses et ses i et ses e s st s s s 82
B 7.3 BEERUIGHERCDCBRAR  +vvvreveeeereeeesesesmsemsasssessesssssos i et s et st st et s 84
B 7.4 ZRR0I0 “RPEIIZEBIAR” Bl ceveeeseseeeresesemsssssossae et eusass st e sos e et s s e 85
B 7.5 CPERIRERIETERRR  <wrvreeeeeerereeesesesesemassesce st sos o es e s e s e e e s e 87
B 8.1: LTI I EBRHIECHIERIE  +vvveveeeerereererssesemsmmeeseusasesescasessessasseseaasses o eseas e ees e ees e 95
8.2: TS [ T FH 2 MR PP BRI S S HEB AT EL  vvvererereseresesemsmennsmsssnssnssse s se s sns e 97
B 9.1: ZRNEDRHRIE: 7 75 2R 4 G A LS ARG e vvrvreeeveneesemsmrensessneesnssas s ees e sessnees 113

& 9.2:

uﬁmiﬁ%ﬂﬁ, ﬁw%ﬂﬁﬁ%ﬁﬁaﬁﬁﬁ’ﬂ;ﬁﬂgﬁﬁ;ﬁpmbkﬁ ...................................................... 116




Overview of China's Vehicle Emission Control Program

Past Successes and Future Prospects

#*

6 L1 BEELBESEUI]  ooevvvssssesresssssss e sessss s e sss e st s 3
12t BB HEGARUBEEIBGETA ++rvvvvvsseeerevossssssesesssssssssssesssssss s ssssss s ssssss s ssssns s p
K20 U A FIRHESNIIICEITA:  +orvrrvvssereesessssssssesssssss s ssssss e ssssss s ssssss s 14
% 2.2: WSV FELEGS T HUBIGEIL, R T SRR FT TR  wooeveosesoeeene e 19
5 2.3 BALRIEGE TR T S G G RET TEAE  <wvverereeeserseereresesemseassresesenseasaesesenssa s sesenssa s senens 20
6 30 [IVIRRHESCHAIAEZG s eeeerrvesesseeesessss e sessss s ses st sttt 31
AL B BRI FIA. EPGAITRIIEREERELTIR  orrvvvvvseeresessssssesssssss s ssssss s ssssss s e 0
6 5.1 DRTSUNMTTIIRIEFRE -+ e rrevosess e sossss s sessss s sessss s st e 53
56 5,25 IRAEFIIEIRES B AL wovvvseeereesessss s sessss s sessss s ses s et st 58
56 5,35 G RO EE BIGERLI R, ++rrrevevssseseesesssssessessessss s ssssss s sossss s 60
56 5,45 G BT EIRISZHE ST vvvvvsseseeesessssessesssssss s sossss s ssssss s ssssss s oo 61
6 6,05 FOIEIHITEFHETIIR vesoeererossssessessosssssessessessss s sossss s s oo s 65
26.2: GHIRJFRHERIEE) — SEIIERIBRUEBITE o oovveeeerorrrererrmenesenre e st et 7
5 6,311 1 S B B RE BT VEEIIER -+ oeevessss s sessss s sss st sss st -
571 LA HE BRI ARG AT s eeeeeevesssssneesessss s sessss e ssssss e ses st 8
567,25 TZERRHERCBRASE S +oevevvvs e sessss e sss s s s s 87
732 BRAETTAGR  ooevessss s sessss e e sss e s s s %
56 8.1 BEHL [RURTTRITNARIEI L e roevessss s eeessssss s ssssss s sossss s oot %
56 8.2 IETL [FURTH FTL A ARE A BEPERRHE v seeerevessssesesssssssssssessossss s sossss s ssssss s ssssns s o8
56 0.1 BT MO UL AEES  oovvvresssseessssssssesesssssss s sossss s sss s s 105
56 0,25 ATV T PEESHIIEL  wvssereeevessssesnessesssssssssssossss s ssssss s sessss s ssssns s sosnes 107
6 0,38 KO CTUERIRIE I L wvseeeeeesesssseseeessssss e sessss s e sss et et 109
56 0,85 DEVET T SRAGILSE AR RRIE  ++rvvvvvseeeeevessss s sessss s sessss s ses st ses st 114
56 0.5¢ 1] LRI RIE I vseeereessssss s s ssssss s sessss s st st 115
56 0.6: B IRIREL I RIEEII T AEAES  +orreevessssesresssssss s sessss s sessss e sss st 18
56 0.7 KU I AT S AT BB SHL o vrevevsvs s sessss s ssssss s ssssss s ssssss s 119
56085 T “ BT HHol FHEVRIED ARG ORGTHELE) oooreeeeesosesssssssesseeesesssssss oo 120

2%9‘9: YEI:ﬁfiijzF (HEV) ﬂ]EEjj]ﬁ$ (BEV) H@ﬁt%*ﬂ%%%{% ......................................................... 120




LS HE R R R AL
RO I S AR R

Table of Contents

Executive SUITIITRALTY ** e st e e oeenteetententententuuteusuusuusstontostortottottotiotiottotiottottottottuttoteussusonscnsessctesecce 1
Pr()ject introduction and background .......................................................................................... 10
2.1 Historical context and significance of the current vehicle emission control program -:-«:-scocceeerecececeees 10
2.2 A lOOk to the future ............................................................................................................ 15
NeW Vehicle and engine emission Standal‘ds .................................................................................... 25
3.1 Light_duty Vehicles ............................................................................................................ 26
3.2 Heavy_duty Vehicles ............................................................................................................ 27
3.3 TWO and three_wheelers ...................................................................................................... 29
3.4 Non_road equipment and rural Vehicles ................................................................................. 30
3.5 Barriers to progress 01111 7 R R R 30
3.6 RecoOmMmMEndAations creccrseseeeeeeeeeseettttttottetseiseeestettstttossossessseettestssssossessesssssssessssssssssssscsscssseces 30
Fuel quality Standards ............................................................................................................... 34
4.1 Gasoline fuel standards cccecceeceeereerreettettiitiitiitiittttttittiitiittiittittiittittiitiittittttttttttittittiistttttttes 36
4.2 Diesel fuel Standal‘ds ......................................................................................................... 37
4.3 NOn'rOad diesel fuel Standards ............................................................................................. 39
4.4 Barriers to progress AN Ching ceeceecrreereeceeeeeeeeettetteittiiseiseeittettcottostesseestcestectsctccsscsscccscesseccscscans 40
4.5 Recommendations ceccccccrecereseeeesseceteeeesestoceteesesescossctesessssossssesssscssssssssscscscssssssscssscsssssssssssccs 41
Vehicle Compliance and enforcement program ................................................................................. 44
5.1 International best practice overview: US EPA's vehicle compliance and enforcement program «----«----: 44
5.2 Overview of China's vehicle compliance and enforcement programs «:cccoceceeceseseecesescneacciie. 56
5.3 Comparison of China's program and international best practices and barriers to progress in China -+ 59
5‘4 Recommendations ............................................................................................................ 62
Fuel inspection and compliance PIOGIAINS  +otcecseseessrssseerestestententontontontontentententntentestessussessstencestences 64
6-1 OVerVieW Of US EPA'S fuel compliance PLrOGIAII -e e eeeeeseretetententententntentntententutestuetestntencentences 64
6‘2 OVerVieW Of Japan's fuel compliance PIrOGIAIIL  cecceecreeesretestententantontontntentententttestueteststeneeetences 70
6.3 OVerVieW Of China's fuel compliance PIrOGIAIIL  cecceccreeecretetentontententntntntententeutestutseststeneeecences 74
6.4 Comparison of China's program and international best practices and barriers to progress in China ----- 76
6.5 Recommendations ............................................................................................................ 77
Emission labeling and related PLOGIAIIS  ceetescessesceesesestortostottottottottottottottottottotcottottotctcetcccccuccncens 79

7.1 Overview of international PIOGIAIIS +v ¢ ceesecesseesteseteesatnsutatiuentretttatantutatiuttnttttatentetattostnesces 80




Overview of China's Vehicle Emission Control Program
Past Successes and Future Prospects

7.2 Overview of China's emission labeling and relevant PrOZIAINS «ecceeecessecerseensecatcustnsuttarentuietcascenee 86
7.3 Comparison of the China's program and international practices «««-:-scesseeeereseressenreereancinaeeen. 88
7.4 Supporting consumer eduCAtion PrOGIAINS ««««-+ssttttttrresrsessttetttuttumtomiittititiit ittt 89
7.5 RecoOmMMENAALIONS crrccroereeeeeeeeeseettttttottetsetsenettettttttossossesssesssestsstsossessessssssssstssssssssssssssssseces 90
8. Fuel efﬁciency and greenhouse S PIOGIAINS  +*eceeeeteteeessetettesetouettotatontutotoutetsttttatontutattioetatettustenee 91
8.1 Overview of international PIOGIAIILS +#+ceesecessesesesetcsatentutattueetrettitatintatattuttsttttatestetettustnettes 91
8.2 Overview of China's fuel efﬁciency PIOGIAIIS =ceesecessressereseasetustttatantutattustaustiatetentutattuscsstcetece 94
8.3 Key regulatory design ISSUIES soceeeeeeceereeceeeeeeseiseesreacecteorsessessecsseessescscssossecsesssccscesssctcsssosscnsane 98
8.4 The role of fiscal policies ...................................................................................................... 100
8.5 ReECOMMENAALIONS +++++++++rrsrrerrerrneeenesrsamesrueresuiereuieereenessterestersseesrsenessneeesinsssmessseeesneesnnses 101
9. Alternative fuels and new energy vehicle Policies ++«+++++++++ssssessressense ittt 102
0.1 Methanol VERICIES < +++++++srerssseeenssseresuuiemesnenieeeesusetesesuteeesnnaeeesssneeesessneeesssseesssnnenesesnnnnns 103
9.2 Natural gas VERICIes «+++++++++++sseneesue ettt ettt 104
0.3 FLhanol VERICIES «+++++++++ssssseessseeessuomesssuuiemeeeeuieeeesutetesesuneeesneaesesssneeesessneeesssnseeessnsenesesnnnnns 110
9.4 NeW eNErgy VERICles -+ +«++++w+seeserreerurtatt ettt 115
0.5 Overall FeCOMMENAALIONS +++++++++++++srssrerrssersrrsnteeresmuemesssuiieresreteeesssnemesesuiiaeesesneesssnneeesesannes 121
10.  SUMMATY Of FECOMMENAALIONS «+++++++++++srsssssrrree ettt ettt ettt 122
REFEIEIICES ++++++++++ssessssesssasesssunneresetaneesssssanesssussaeesessesessssasessssnsesesesanessssssanessssnsasesesasessssssenesssnnnanases 125
APPEndix A: LiSt OF ACIONYINS  ++++++++++sssesssesrsnee ettt 127

Appendix B: China fleet model and health impact assessment methodology, data sources and assumptions --- 128

Appendix C: Emission standards in the United States, European Union, China, and Japan -:-:c-ccocoeeeceeeceees 151
Appendix D: Technologies required to meet Euro 4/IV, 5/V, 6/VI «++++++sssseeeseseesusmniiieiniieiniisiniieaiieeas 163
Appendix E: Impacts of fuel specifications on emission performance «::::-esecoeeeereeeeresacisciiiiiiiiiiiia.. 169
Appendix F: Comparison between China, EU, US, California fuel specifications :-:scococecececerececeeececenee. 172
Appendix G: Evolution of mobile source emission control in California and US air quality laws «ceccoceceeeeeees 176
Figures
Figure 1.1: Percent emission reductions of current program vVersus NO Programy -« ««:s:sstoeeceesecessecocacetcacees 4
Figure 1.2: 'Business as Usual (BAU)' trends, 2010 — 2030 (thousand metric tons) «+««cseeesereeresecensecacaeeecacees 5
Figure 1.3: Emissions of the BAU, Improved, and Strong Programs in 2030 (thousand metric tons) «=:-cscecee 6
Figure 1.4: Annual premature deaths under different SCENarios «+++++==+++ssssssssssesssrmiserniisinietnie e 7
Figure 1.5: Fuel savings of Improved and Strong Program compared to BAU, 2020 and 2030 «---cececececesereceeees 8
Figure 1.6: CO, emissions reductions of Improved and Strong Program compared to BAU, 2020 and 2030 ------ 8

Figure 2.1: Vehicles sales from 1980 — 2009 (highway vehicles include passenger cars, trucks, and buses) - 11




LS HE R T R T A
RO I S AR R

Figure 2.2: Selected milestones in China's Vehicle Emission Control Program «:::cocccceseceesececseececcceenee. 12
Figure 2.3: Percent emission reductions of current program versus N0 Program « -« tssscesececseescacecccccnaee 13
Figure 2.4: Modeled Vehicles sales from 2010 — 2030 ........................................................................ 16
Figure 2.5: Modeled highway vehicle stock from 2010 — 2030+« -+ ++seeeereareesseseetttemmtumntitieiiin 16
Figure 2.6: 'Business as Usual (BAU)' trends, 2010 — 2030 (thousands of metric tons) «secoesecereeeereeeeeceee. 17
Figure 2.7: 'Business as Usual (BAU)' trends for fuel consumption, 2010 — 203() ««--cecccerecevrececrecceeccaccnee. 17
Figure 2.8: Emissions of the BAU, Improved, and Strong Programs in 2030 (thousand metric tons) =:-«-=-- 20
Figure 2.9: Annual premature deaths under different SCeNarios —«+=++++++sseeeeeesseseerrtemmitii 21
Figure 2.10: CO, emission trends for BAU, Improved, and Strong Programs, 2010 — 2030 =c-cecececeeereceeeeeees 22
Figure 2.11: Fuel economy trends of select countries/regions, 2002 — 2030 -« xcecererererererecceerecieeieeeen 23
Figure 2.12: Black carbon trends for BAU, Improved, and Strong Programs, 2010 — 2030 =««cecececeeereceeeeees 24
Figure 3.1: Light-duty vehicle standard adoption timeline in China and EU  «--ecceeererererrecceeicciniecnee. 26
Figure 3.2: Heavy-duty vehicle standard adoption timeline in China and EU «-c-cceceeeeeerereerececrciciiccecenee. 27
Figure 3.3: Two- and three-wheeler standard adoption timeline in China and EU -ccccccececeerececreccececcccnee. 29
Figure 3.4: Non-road standard adoption timeline in China and EU «++++++++sssseseeeressiismniiieiniiiiiniieiiiens 30
Figure 3.5: PM trends for different China VI adoption pathways «+«++++=s++++sssssessssseiiuetniiieiniiieiniieiniieeans 31
Figure 3.6: NO, trends for different China VI adoption pathways:«+++++++++ssssseessesesierniieiniiieiniieinieeens 32
Figure 4.1: Diesel fuel standard adoption timeline «-++++==+++ssssseesssreisstmiititiiit i 35
Figure 4.2: Gasoline fuel standard adoption timeline «+++++++++==++++sssssessssreiitstiiitieit s 35
Figure 4.3: Sulfur content of diesel in samples from highway service stations in northern China ---+--<++-+2+---- 39
Figure 5.1: US EPA Vehicle Compliance program for light-duty vehicles —-::coceeeeeeseeeeseceesecaeieciiiceiiieeae. 46
Figure 5.2: US EPA compliance program for HD highway and non-road engines =-:-::::=ssceesecesseeecececcccenee 51
Figure 6.1: Labels posted at fuel pumps stating diesel sulfur content and intended use «-::-=secoeseeereeeecaeeceees 68
Figure 6.2: Gasoline and Diesel Fuel Sulfur Content in Japam -----+++ccteeeereessseeeetttcmmiiiin . 73
Figure 7.1: Car CO, and fuel economy label in the UK  «++ceeeseeeeeesteseettttmmiitiiiiiiiiteeiitien e 81
Figure 7.2: California environmental performance label «++«««-eesteeeeerrtmmmniinniiiiiiiii e 82
Figure 7.3: Germany LEZ Jabels  «+c-evesteeeettetmnemnmettttttuitiiitittttitiit ittt sttt s 84
Figure 7.4: Tokyo's ""Say No t0 Diesel' lahel «cceveeeeseettereemmtnmmintinttiiiiumiiititiitiii et 85
Figure 7.5: China's green and yellow vehicle labels -+ ++++++teeveeereeestrseetmiimmiiiiiiiiiiiiii e 87
Figure 8.1: Chinese new passenger vehicle fuel consumption standards «:-:ccceoeeeerrerereerericiiieiieeee. 95
Figure 8.2: Comparison of standards by region ««:«--+ssttsteerreementiitiiiiiiiiii it 97
Figure 9.1: Life cycle GHG estimates of various feedstock and pathways =+« cceeeeereeeerseericicieiricieiiiinenen. 113

Figure 9.2:

Life-cycle GHG emissions change relative to baseline gasoline vehicles: -« scceseeeereerecrecececeeees 116




Overview of China's Vehicle Emission Control Program

Past Successes and Future Prospects

Tables

Table 1.1:

Table 1.2:

Table 2.1:

Table 2.2:

Table 2.3:

Table 3.1.

Table 4.1:

Table 5.1:

Table 5.2:

Table 5.3.

Table 5.4:

Table 6.1:

Table 6.2.

Table 6.3.

Table 7.1:

Table 7.2:

Table 7.3:

Table 8.1:

Table 8.2:

Table 9.1:

Table 9.2:

Table 9.3:

Table 9.4:

Table 9.5:

Table 9.6:

Table 9.7:

Table 9.8:

SCENATIO AESCIAPLIOI +++ v +ssstseremrennmee st ttetttiit ittt bttt ettt ettt sttt ettt ettt 3
Avoided incidences of health impacts due to the current policy package «::-:-cveeeeeeceeecreeerecaces 4
Avoided incidences of health impacts due to the current policy package::««+=+==+ccoeeeeerececresceeaeees 14
SCENATIO AESCIAPLIOIS #+++++++++tterrrannseettrttttttiiti ittt ittt ettt ettt sttt bttt ettt 19
Avoided incidences of health impacts due Strong and Improved Programs «:«::ceccoeeeeeeeerececececees 20
Pathways to China VI standards ««+«««---sssseeesreeertmtiiiiiiiiiiiiii it 31
Non-road fuel requirements in the US, EU, Japan, Brazil and China ««-::-coceceeececerececeereenceenee. 40
Features of 2 g00d I/M PrOgram «+----«+++sssssssssessstenssttnnttensttet ettt 53
Summary of in-use testing results in China«-+++++++++++++s+sssssstesrressiniient it 58
Resources for conducting vehicle inspection and compliance in China and US «:ececeeeeeeeeeemeeeeeeeee. 60
Comparison of the vehicle compliance and enforcement program in China and the US -+-«ccceveeeees 61
Per gallon and average standards and performance requirements for gasoline and diesel ««+:+--+ 65
The Fuel Quality Control Law — mandatory and standard specifications «::c:ceeceeeeeeeeeccececencene. 71
Resources for conducting fuel inspection and compliance in China, US and Japan «cccccoceeceeceeceees 77
Illustration of Japanese exhaust emission and fuel economy stickers «:::eseeseeeeeeereeeececcceicicencene. 83
Definition of China's vehicle emission 1abels «++++++=++ssrssseeeseserrrsereeerarerierriertereeesnersseesenesenses 87
Labeling program evaliation --++++-+«+++sssesssstessstmnmttiet et 89
Summary of world light-duty passenger vehicle standards ------++=+++sseeeeesesessereeenmemmeiin. 96
World light-duty commercial vehicle fuel economy standard «:::cceseceeseeereeeeasereencaciiiaieee. 98
Summary of advantages and disadvantages of methanol in vehicle applications :-+-:=cseeeeeeeeeesees 105
Summary of key findings in US heavy-duty NGV working fleets — +ccocceeeceeeresereecaciiiceiceee. 107
Summary of advantages and disadvantages of natural gas in vehicles::« -+ t-esecerereerecaciesceneceee. 109
World's transportation renewable or low carbon fuel standards <<+« «=«ssoeoeeeeerereeneeeiiiceiceee. 114
Summary of advantages and disadvantages of ethanol use in vehicles::«+ s coeeecorereerececeeicenecenee. 115
Summary of alternative fuel tax credit Programs - ++-«tteteeesesseeeeerteemmtmiiiii e 118
Consumer incentives for purchasing EVs in Europe and Japan «:ccoccococeeeecrecercaciciiiiiie.. 119

Subsidy Levels for HEVs and electric drive technologies under the Chinese ""Ten Cities by Thousand"

program (RMB per Vehicle) ...................................................................................................... 120

Table 9.9:

Summary of advantages and disadvantages of HEVs and electric-drive vehicles «:-+ecoceeeeceeeeeesees 120




