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ABSTRACT

Life Cycle Assessment and Environmental Benefits Analysis of Electric
Vehicles

As the requirements of the oil prices and low-carbon economy, environmentally
friendly vehicles become an important direction of the development of automobile industy.
The China State Council has approved the “Energy Saving and New Energy Vehicle Industy
Development Plan” to achieve leapfrog development of China’s automobile industy. The
Plan states that Battery Electric Vehicle (BEV) will be the main strategic direction in China,
while focusing on the development of plug-in hybrid vehicles (PHEV), and non-plug-in
hybrid vehicles (HEV). Therefore, Electric Vehicles (EVs) will achieve a dominant position
in China’s automobile market. However, China’s electricity generation mix is domainated by
coal-fired power. The common interest of our government and people is whether electric
vehicles can achieve real energy-saving and emission reduction benefits in China.

In this thesis, three electric passenger cars with different electrification sysytems are
studied. They are non-plug-in hybrid electric vehicle (HEV), plug-in hybrid electric vehicle
(PHEYV), and battery electric vehicle (BEV). By the adopting of “Cradle-to-Grave” life cycle
assessment (LCA) method, this study built the full electric vehicle life cycle model on
context of China. The founctional unit is per vehicle travelled one kilometer. The Hybrid
Life Cycle Assessment (HLCA) method which is the combination of Process based Life
Cycle Assessment (PLCA) and Economic Input-Output based Life Cycle Assessment
(EIOLCA) is adopted to acquire key input parameters of the LCA model. The primary
energy use, green house gas (GHG) and regulated gas emissions of the full EVs life cycle are
calculated with the GREET software. In order to evaluate the environmental benefits of EVs,
we compared the life cycle impacts of EVs with conventional Gasoline Internal Combustion
Engine Vehicle (GICEV). The effects of environmental impacts on the natural world were
also studied. Finaly, the sensitivity analysis of the full EVs life cycle as well as the effect of
EVs promotion on China’s energy structure are performed, which provide the technical basis
for the healthy development and decision-making of China’s EVs industry.

The main conclusions drawn by this research are as following:

1. Under current Chinese context, the full life cycle total primary energy use of HEV,

PHEV and BEV are 2.621MJ/vkm, 2.617MJ/vkm and 3.113MJ/vkm respectively.
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Compared with 3.63 MJ/vkm of GICEYV, the life cycle total energy saving rates of HEV,
PHEV and BEV are 27.9%, 28.0% and 14.4% respectively. Among the total primary
enrgy use, the life cycle petroleum saving benefits for the three vehicles are 32.7%.
45.9% and 95.0% respectively.

Using electricity entirely from clean energy such as hydro, wind, solar and geothermal

etc., the whole automobile life cycle energy saving benefit improves as the the

prowertrain electrification increases. In this case, the full life cycle energy saving
benefit of BEV is 57.1% compared with the ICEV. Meanwhile, the full life cycle GHG
reduction benefit of BEV is 86.5% compared with the ICEV. The full life cycle
emission reduction benefits of VOC, CO, NO,, PM10, PM2.5 and SO, of BEV are
55.3%, 94.9%, 82.0%, 34.6%, 42.0% and 26.9% respectively compared with the ICEV.
The environmental benefits of Health Toxic Potential (HTP), Global Warming Potential
(GWP), Acid Potential (AP), Air Quality Potential (AQP) and Photochemical Ozone
Creation Potential (POCP) of BEV are 55.9%, 86.5%, 54.5%, 34.6% and 80.9%
respectively, compared with ICEV.

Using entirely coal-based electricity, the environmental benefits of EVs are not obvious
and even negative. In this case, the life cycle energy saving benefit of BEV is only
about 4.1% compared with the ICEV. Meanwhile, the full life cycle GHG reduction
benefit of BEV 1s -15.5% compared with the ICEV. The full life cycle emission
reduction benefits of VOC, CO, NO,, PM10, PM2.5 and SO, of BEV are 47.3%, 93.2%,
-74.1%, -99.7%, -65.9% and -208.7% respectively compared with the ICEV. The
environmental benefits of HTP, GWP, AP, AQP and POCP of BEV are -138.0%,
-15.5%, -143.0%, -99.7% and -43.8% respectively, compared with ICEV.

The higher of steel contained in vehicle by mass, the more sensitive to the usage of
recycled steel. The full life cycle energy use of PHEV have the highest sensitivity to the
usage of recycled steel, whicle is 5.8%, followed by 5.6% for HEV, 4.5% for BEV, and
3.8% for GICEV.

Under China's current electricity mix, the amount of primary energy saving is 1.99X



Abstract

10°GJ (equivalent to 9.42 million tons of standard coal) per year; and the amount of

petroleum saving is 1971.8 tons per year.
In summary, the full life cycle assessment of EVs shows that BEV has obviously

potential for energy saving and emissions reduction, and can reduce the oil dependenc of
transportation sector. However, in order to truly realize energy saving and emission
reduction benefits of EVs, the development of clean electricity need to be encouraged and

supported by Chinese government.

Keywords:
Electric Vehicle, Life Cycle Assessment, Environmental Impacts,

Environmental Benefits, Sensitivity Analysis
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WG 2 BRAFAT i ) A B 5 18 A A ol TR P A B A B R
HBEm, AR — AR B R R, R O R e AR
(s TS AR AN, RSP AT A dr Ak R AL IR FR I T
XA PY 5 P 20 (K RERERIHRI. (LRSI e r= AR AR T2 AT 255

40



% 3% wHAF ek R MEES %
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A
e: 5 e PhEREE I
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V3e

AP

E7Z AP MR RS e PhERSE S i
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R CARBRAT PRI 00 L ReAr b Fs FOANARD 1) RE B VH AR AL (DR H T 4= L S 0
AR LA B3 A, T LA H A A 0 K B s o o 10T,

A
VC,: AR HIThBe AL T IIEE e FHEREESY U &
s JEAEA LG A (RS e RUEREE R M &, FOrb, R AR (VDL U (V2),
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hReAr CEEARZEATI A 2 B RIS A R, A h:
T:((r1 +7‘2)*UF)+((I)1+b2)*(l—UF))+VC ......................... (323)
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re B LB BORI PR S

ry s LT UEBT BRI AT D B ) FR 58 R

by VI LI BRI FR T

by: VUM T B, AT BB BRI PR S0

VC: ZEABEEI R 50

UF: T Cutility factor), #§ PHEV “F-¥J{E4l i ghi X AT G0 BLRE 5 5L
FERIE 40 b XF GICEV #1 HEV, UF=0; %+t BEV, UF=1.

3.4 JRIGBERRETEE

XA SO ST DU Bl BOR RN AT A BT i BT, 2 KRB AR KTE, JF
REEE A — AL B ZhBE AL IX LR R RIRG AR SR 4 B b . R 3.2 MG T %2

E P RVE A LCA 287,
#32 HESREEoRAPETRE&EEXRIE
LCA Bt el KR LCA 257
il & B
JR, TR R EZ 4t )R, EPA HLCA
JFEHE & AT E X4 H, EPA PLCA
FERR A E X4t H, EPA PLCA
FAE . P& Bl E %4k, EPA PLCA
BHR&ILIER K EZX gk H, EPA PLCA
B A EZ 4t R, EPA HLCA
"E
ARG | Bxgot )/, B0y, GREET 2012 HLCA
i BT B EZ 45it 5, GREET 2012 PLCA
R Ak 3/ R E % 451t )5, GREET 2012 PLCA

AL VOC. CO. NOy. PM10. PM2.5. CH, fll N,O HIREEHE A 7 sk [
% [E EPA () AP-42 30t (R I5 PN RSO 4) U, i1 SO, A1 CO, TR S
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4.1 BB BB (WTP)

A S RBIYTEE R VO R T o AR I 3.5 WA, VRO BIFRY B  EAA
DLUF b FE: JRUIFFR . JRiiss. v THlE . FmiE i 4R ik iy m e
o T FURBY B R EARRRRE O RARRSE TR, RS, KH. B
Wy £ Rl 5 A Sk B s IR 7

AR RTERRRL EUFB B =AM, HUARRATRESR (MDD 7= iR R, X =
NHEE R

1. BRESEHFE CR—IRBRIEHHRE . A BEIETHAED , MI/MI = i RS HE .

2. BHE AR (VOC. CO. NO,. PM10. PM2.5) , g/MJ 7=\ Re s -

3. BRRESAHER (COyv CHy AT N0) 5, gCOy & (gCOx-eq) /MI 7= iHEE

Pkt o
41.1 EmBH

FEAT— A i B DR B0 780 SZ ARk LI B LCA &5 REZEA 2 Lo MR
W5 3 BRI SRR TR AN, AT BRI RO D)) AR B LCA
PPN RBIREIRALEE . B BRI, AR R, fRGEsEah . Rgyimss, Ak
ZHNT R 4.1 PR
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F 41 BERFHESH )
- B LHV k& & e
g/L Ml/kg wt% gC/M]J wt ppm gC/M]J
s - 22.7 60.0 26.4 34000 1.4957
JiR ¥ 847 42.7 85.3 20.0 16000 0.3748
RIS 0.78 47.1 75.0 15.9 7 0.0001
PR 991 39.5 86.8 22.0 5000 0.1267
RS 5L 837 42.8 86.5 20.2 200 0.0047
FEGE 745 43.4 86.3 19.9 50 0.0012
412 JRREREURIZ 5
4121 BFRFRE

JSURL P SRIRT T2 R < S AR AR SRR T R o AR € B BEVR 4T v 47 25 2011)
B, AT oS B R o SR RIOR AR ST SRk 2 o 3 B 5 T AR AT 25 B 2 kb

e, Wk 4.2,
F42 HEERFEMRE. BRIIXARSFAR SRR EFE

o ﬁ%ﬂ?% TEREHLHB] (%)

R | g JRW | RRAR | Wl | ARl | SR 2w
itk 97.5% 80.1 0.0 0.4 0.5 0.1 35 15.6
JR 95.7% 6.0 52.6 0.0 1.9 1.5 14.4 337
KK | 885% 2.1 0.0 83.4 0.7 0.9 5.0 7.9

HE: BRI SRR IR A, JRHTE AR R TR MBTTR, RRHEREEA TR
SRRMITTR, HARRESRTEFEAZ IR R il 5 R AR S HAE L 14T 0 i

MRS ANL (R 50, S8 R JE -5 R ARSI Rt PR 1) 1 e % 44t
ST H 98.0%. 99.3%H1 97.0% . 5 EF rpE 55 56 W A HEA KT 22 5, W] Al
LS EAREL, TR R AT SR T R A B e IR SR NS AR, BRI, & 4.2 gk
BRI JE 3 B BE S AL RO EME AT A S RGO, RN I RIS R B LR Y el e
A, T T PR B RAR R B RAR S B 20 s T AR A
4122 [RE=E%

4 <2011 Fr EHER Tk &k BRI S Y M9 (2011 hEARS B THE L) M
A EBEIE S VHAESE 2011) P& SolRig R}, 7T IS 3 B -— ke s ik i L3 4.3,
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F 43 HE—KEERIEEIRT

& Fiz 7 Iz — IR ERIR I ELE] (%)

PRt N Kiz il
45 70.6 10.3 19.1 -
JER 14.7 0.0 51.9 33.4
AR -- - - 100
PHERE (km)

PR N Kiz Bl
s 640 179 1255 0
JF 3 917 0 1806" 428
KRR - - - 428

iR AN EEE, B 2010 A ESERKCEARE
Ak, IR CPEBEFESHES 2011) P, 2010 i E A A2 20301.4 J5
Wi, Wk Eh 29437.2 W, FHd 59%. R4 (BP Statistical Review of World Energy
2011) MPIE IR ok 1R K2 90% 2 Il ki s s, Wil 4.1 o, EESREHAR

AR, SFEE L R 11000km! M,

2952
/|
R 333
| 36.9 i T — =
e 1 457 | 167 1799 ‘
‘ 83.8 | ‘
bk — 183.0 vl e
L% g 289 | 1184 e -
6350 | |
' \ B 454 |
‘ .S [ ||288
36.8 129675 y |
f
270 ") \28€ | 7| 2955
N 1567}
of| |
37.6%%) ‘
e |
as
|
& |20.0 |
us ‘
Canada :
B Mexico
M S. & Cent. America 21.3
Europe & Eurasia
M Middle East 437
Africa -
Asia Pacific 241

& 4.1

4.1.3 ¥R TAIRCES

2010 ELEKAME Sikm (FAM) M

F T O34T oy R P T 47 £ 2 0 A0, AU SR T O34l F B A 5
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WRYE E FbrvtE (GB17930-2006 4=V MIAT (GB17930-2011 V) M, v
B R E R (MTBE) K& BWEN 2.7%.

H T2 I PPN L AR A o BT, BRI A SO b I BRYR G A
2011 Hho ikl W R38R Y i TAKSF, BRY R ek R iy T2 R
TG 0 T ) SR R I R B T B AT A AP, AR B, MR (P E AR S R %
2011) W] 3 H A7 ieh 7l 5t o e P ) e O A i R T 2R AR L], B n it

FEMBEIRIFAE N UL, WL 4.4,
F44 HEREMIERERERERERY

| fENE TEMEIH (%)

WA | R | R | e | s L)
VR 90.6% | 48.9 3.8 11.9 1.7 33.8
*E %Ei@t[%,m]

WA (2011 hEASEE S TS MR b [ REIR ST A58 2011) PISE SCiREE
KL R DA A K. sk Z i i i DR B, ASCER T L s H
KB s s KR i, BRI 4.5 Fion. &z 7 28 L gE S AR 56

ANL ({40 5dEt™, Wk 4.6.
Fz 45 HESHSEHIKR
PR N Kiz EIE
B (%) 65.0 100 24 11
FHER (km) 913 80" 1806° 300

WE: BT RESRERRMTT RS A2 Mis 2, BRO7 R B
A i At s e

alf: kA,

b VE: HTERZAHNEEE, B 2010 o E 5 T RIKCPAUE

F46 PEIZHARMEREE"
SRE S PR YN iz
BEVRBRE (kJ/tonkm) 24 121 674 233 g

4.1.4 REFHEEE

i
|

MR (2011 A AR %) O (A B L TGPl (2010 48)) M4
2010 F R K HL R B 423 X 10%kWh, HA kL, K, iS5 E T HAERRE O]
F HE A K BHBESS) BT 5 A EL BRI 80.81%- 16.24% 1.77%H11 1.18%. i [A] 3]
A [ P44 ARUMERERE N 335g/kWh, 4[] B 2R B4 2R R 6.49%L1% 117,
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% 4% WAL AR BRI A

W (2011 HE 4R %) O (S aedR 22 2007) M8, R Sc e & Mk |

B 1) L1 2514 T RS A O 80126 4.7 TR
F47 PEEBLGIEHRE BHE

REVR 454 LA 4544 RERE
oAz 76.9% 34.5%
RIARA 1.8% 45.0%
BARLH 0.4% 32.8%
AR 0.2% 20.8%
¥ H 1.8% 35%
HE 18.9% 100%
KH 85.9%
ANz 6.2%
H AR IKBH BB 7.9%

4.1.5 WTP &894

ML WTP BEIEF S RENE 8, 454 EPA HE (A& ke HE R AEBR e AR50
B EEPS O, AT DI P RSO S AT T 1K) WTP BRI
4151 ¥R

VI WTP [IEREE 235 B LR 28 0.1, SA—IRREIRTHRERS UL LI 4.2, AT LLH
H, WTP M B — IR BEIEIEFE R B R 0.34MI/MI Y= fhr i, vl WTP (K REVS
AN 75%. 1E WTP BrBerh, i LR EHFERE, Ad WTP SHHE
[ 70%, HEMHKKZFEMmIR (203%), JRMEHAGET (6.6%), YRIHBHARELA

(3.2%)-
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A REREFERIR K, 5 WTP &

42
YN WTP B4 AT BEYR A7 90 LA AR T FE 1) BLAR 405 W28 4.8,
VBEE TH AL 97%, HiAb 47%k B BER,

5l WTP

U,
0.0108

N NN
— X BEI5

SSHFEEER (MI/M] S

Y WTP B B
26%K B A1

BaR R AEAEV ORI N TRk RE b A b A i L AR R B, SR

IR F RIS ST, AN Ta S ?‘%ﬁ~ﬁﬂ/\ﬁ’iiﬁa
%‘% 48 /‘l,/EE WTP Eﬁ)\ﬂ Ib\ﬁlél)— '“./.E }:%%u&E/EH IFI/R

B ‘ %ﬂ%ﬁ‘w _ %ﬂ%ﬁ‘ P&t —
MIMI Sl | RMJER | Rk | T | Rl
L BE 0.0687 0.0224 0.2357 0.0108 0.3375 100
b A BEY 0.0661 0.0223 0.2279 0.0107 0.3270 97
R 0.0271 0.0017 0.1278 0.0011 0.1577 47
A 0.0340 0.0202 0.0253 0.0095 0.0891 26

M WTP & BE = S ARHE R B 4.3 Fras. YR IH WTP 1 = SRR
M 35 gCOx-eq/MJ VZiHHTH, Horh CO, HELE £ S AT, 10 NLO HEOM WTP L%
BN DTk AR 1% R Tk R GHG HE

I WTP GHG HE IR A8
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VI WTP B BERE IR HE 0 B 4.4 FioR . Y500 WTP B BE NO, [ HE i i K,
SO, HEMUR a5 — A7, HJFHE VOC. CO. PM10. PM2.5. NO, fil SO, EE 3k 19K
ERR N LR T2 R B, i AN S RIS S R 2 R ARYE. SR
WTP S REVRVHAER GHG HEJS 45 A2, R n L2 0 BUHERGE WTP 5 RHLHER
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4.4 GRiHWTP EMSAEHER (g/MT 5D
4152 HH

I ESCR T R LA L) WTP ORI EEIRIRE . L, s%i-f) k.
JIAEABCIE B H P BB RO 1D BB AR, WHTRER 0.2, K 4.5 2
WTP —RBERIHAFERE UL, FTELE H, WTP BrB— X BRI AR S 24N 2.79MI/M]
LT3 7= i F ) WTP [FIREDR L AL 80R R 26.4%, T4 s 0] 3 JEURL B Bt (Feedstock
stage) [FREIRIL LR 89.4%, TMIAEHITBL (Fuel stage) M REIRIL BRI 27.2%,
L) WTP () 3= S BRI AR R AEAE R B o WTP S BEFEI 95.8%. 734, HLJJ WTP
Rk A BE R T FE & S BBV TH B 91.6%, TIH R EFE 5 88.3%, 372 H i [ i 19 R
PR G5 AE) P IR S A B2 1 6
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L WTP B BLRE SR HE i 4.7 Biok. WEIHRRTLE . B WTP (B
(¥ SO, HECE SR, NOL HEBCE &5 — 4, HJFHikZE PM10. PM2.5, CO. VOC.
Hrh, SO, NOL I CO FEok A H I BHY Bk RIS B T 2R, 73l i Ly
WTP FHNHERUS B 97.9%. 88.7%F1 74.5%; 1 PM10. VOC =%k [ E R EL, 2
5 L WTP AN HEBCR I 72.2%F1 84.7%. H4h, . WTP (JEURH BORUBRELH
B4 PM2.5 5 WTP 5 PM2.5 HEJSCE 1) 43.8%F1 56.2%. LA FiX 4642 iy T3 iy
DI BRI R L S AT SR, R R I TR AP S BURE Y SO, NO.
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410 RiBFNE S WTP B S AHER AT b

AN T AR SCE R HER T, A SO R 5EE R OAER L, Wk 4.9,

M WTP BEIRFEASCRAKE, o E ARV WTP FIRCRIB R FEEAY, X1
A2 FH T o AR A S A0 o T 3ty 0 R SRAER AN A B 5 TR & A T8 A
X 5 BRI AR 00— B0, BRI AT BLUCK RS0 WTP 45 2 4 2 .

ML WTP BRIRA AR RE, T IE S ETHL ) WTP (87K 5 356 P34 K FAH
M, ULBI L WTP ((REIRSE A& 2E; b B S HE O e, X BRIk
] Py P P B U 25 0 R R L S A BB BT LU AR SO WTP 85 RS

.,
F 49 FEXIXH WTP IMER ML E bk

s : & s N BEAET
REIE KU - REYEEE LR
MI/MJ 2COz-eq/MJ
[14, 120, 121] 0
- EJE 0.14-0.27 79-88% 11-22
A3 0.338 74.8% 35
i FEMEE 245335 23-29% 188-220
A3 2.79 26.4% 257

avk: T PlrhE S S AHERIIWA S NoO, FIZRT COs-eq HIMH
AR S NoO B 3N .
bk mFscE e CHL 1 WGP 3 21, BA= PEARBUE s, BEibEd
B COq-eq ¥R CH4=21, T¥< i CHy {1527 25,
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42 BEABTHEMB (PTW) 247
42.1 HuiSEHE

T VI EAT W CE IS TEOR S, EE H T H Al E ™ sy w5 Tk
YWSH RGN T, HhZ F—RARHE N R 2 or s . BRIk, AR s
BINREAT IR IR, A SCIE R A AR M H BBV AT 70 7, AR AR I L &5
RUTE:

1. HEV &F Pruis HEV, EPA B 7T IX THUM =& T O RIZR A M & 57 4 4TMPG

(MPG, miles per gallon gasoline) (5L/100km) '#2,

2. PHEV, &+ Pruis PHEV, EPA ‘B 75 2 Afi: 2SI ACH B L RR A8 H AR 4 95MPGe

(MPGe, miles per gallon gasoline equivalent) (2.5L/100km) ', JR&HR NI

M5 A ML A B UUIEE N SOMPG (4.70L/100km) 2% 120 gt ) BLRE Oy

15mi (24km) "%,

3. BEV #%E#En[ 4 R4l 57 % NISSAN LEAF, EPA Az BLFES 117km

(73mi), RMZHME R 0212kWh/km (99MPGe, 2.4L/100km) 1,

4. AT HU E=FEARBEM B ML, ARSC GICEV 8R4 5y
3IMPG (7.6L/100km) M7 2ymisfe 4500, 5 H = glbis A4,

L EDURH AR 250, AE 5.1 1551
422  HINKETREES T

MZEHITYEN, BEV M PHEV [¥i47 HURZS (SOC) MM CRIHL i A ) Ax HLRE 55 R 2%
BRI E—2&HNARL, 2% 0 HE K SOC Mg/ SOC i . ACHFFH =
FiELZNYS % (BEV. PHEV. HEV) KRG UK 4.11 iR,

PHEV ({3 R4 i g T HAARXUSAT# > 1 | )3 #E (CD, Charge Depleting)
I E4ERF (CS, Charge Sustaining). £ CD #5:H, power-split PHEV 1% Fi jth A &
FAYIEATIRS) . E CS BEAT, ¥4 HIBAEAM (it ge, (HASR B
fE, f£ CS #i:\i PHEV #%8 HEV i247).,
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Tk FHEFEHL

EVsE Bt T 1 A

100%
90% i
.}\AA
80% : Y . g
W RIMARTR (CSEIRL) Tkt
N TR — =
S \
= 60% 4
"
%j "\S '
O so% - S fN {110 i - ' SOCHF 1B Lt AR B8 1
2 A y
gg 40% E‘.i |
i !
R 4
30% W
S P A\ Ml A o A " L X . > 2
20% NN VI A A AMA UM M ML WA i
<€ > ——HEV
10% — PHEV CD#IR PHEV CSHz . ——BEV
——PHEV
o

THERE (kmd

411 BEV. PHEV #1 HEV A fEIR RG]

H & 4.11 W LA, HEV AT 3R B BEFE 32222k B VTHAE, BEV 1T 3B B 168
FESE HLBENSHE, 1T PHEV 17 BI B RERE LI A ] 4.12 BT, T2 BV 6
FHELRETHFE . PHEV 1T BB B 14 BEFEAM I T 21 s 3047 3 LR (AER, All Electric Range),
HZ 7 A a7 A e HATREE D R2m.

HEV .-" " PHEV ~~~. BEV
7 A Y
/7 \
/ \
100% CS ,’ XCD+(1-x)CS ‘\ 100% CD
!
| R _l \
I 1
1 1
| \ 1
I "
- ‘\ R = f (RAEATHUERL, AERE ) ABE
L/km i . ‘ kWh/km
. E8 %Hﬁ\ A
5, BHHRE Sso -7 . FHE%
ICER#=& T pe—— - CERiN
% &

412 BEV. PHEV #1 HEV T3 M E& sEE SN0 E &= 1Y
LBV 7R 7 BB e [ 78 FL R — Il 80%-90%! > P4, K 3C ¥ 52 PHEV Hil BEV
H 78 LAl 85%.
1 Ar Bz b B G A A H AT R S, ASCRAIE R R FE FE B HAT
3PN (DVKT, Daily Vehicle Kilometers Travelled) 145 RISk b E 50, I H 5
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5 [E 250 H AT B RS v 25 BT L e M, Wi 4.13 Bz . 34 GREET1.2012 if 55

7] LR PHEV24 (¥ UF 24 35.6%, 58] 413 45551,
1

Beijing UF

-
e
_-__,_.-
-
-
-
-

Utility Factor

0 20 40 60 80 100 120 140 160 180 200
DVKT (km)
413 dEAEEE A TR BN T

423 PTW R4t

MR LA B, THEAS R E PTW FIMEE s s, ik 4.14, & 4.15 F
K 4.16. Kl 4.14 2RIV TEATIIN B — IR BBV A L. BT BEV BRM& Bt
THE MR, RILETHHE, BEV X JLAAR A m G IR R AR 1 .
¥ = EVs WTP [ B — I BEETHAEE 0 5 GICEV AHEL, W LUKIE HEV. PHEV Al
BEV 1L BERE S I PR 34.0%+43.3%F01 63.2%, FLA A7 IMiHAE— IR PRI T 34.0%.48.4%
#199.8%, XFZ &M T PHEV KIEZ>3) A1 BEV KI5/ ) BEEK B M .
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25
& 20 ; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
E |
= I
S [ B GICEV
~ 1.5 B | D | D HEV
o4 i
g , PHEV
i 16 - s
5 i B BEV
Jm i
= X
£ 05 e
00 7 AR L N
2 BEVE Pt el B Rl
W GICEV 2.327 2.327 0.000 2.047
' HEV 1.535 1.535 0.000 1.351
PHEV 1.320 1.309 0.107 1.056
m BEV 0.857 0.783 0.765 0.004

Bl 414 EVs WTP —X geiRiEFEE Rt bk
Bl 4.15 52 BV EAT I BORITR B UG . BT BEV AT BOR R S HP A
19 WTP [ = HEC 2. 1 GICEV. HEV 1 PHEV 473 [ B (K135 5= A HE i
T 0 5 1 B I BBV FE IR Dl — 2L

200
g - -
g i
OD =
N I B GICEV
= 120 [ - R
i ; HEV
£ [ PHEV
r e O .
A4 i mBEV
IE [
- N e I e
[al}
0 i !
co2 CH4 N20 GHG
B GICEV 179 0.009 0.007 181
HEV 118 0.004 0.007 120
PHEV 92 0.003 0.006 94
W BEV 0 0.000 0.000 0

& 415 EVs WTP R=ES{EHEARTEE
Kl 4.16 & HFVIE WTP BB SRS . MBI AT B, GICEV,
HEV F1 PHEV [ S AHET : CO>VOC>NOS>PM10>PM2.5>S0,. BEV TR
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HEjg, Horp PM10 AT PM2.5 SR B %6 16 B3 A0 R 25 BE 457

25 |
E R e et e
cb I
- ! B GICEV
= . e
2 : HEV
& [ PHEV
r 10—
= i HBEV
g [
= L .
Q—i |
0.0 I |
vVOC co NOx PMI10 PM2.5 SO2
EGICEV| 0.112 2.328 0.088 0.018 0.009 0.006
HEV 0.077 2.328 0.074 0.018 0.009 0.004
PHEV 0.059 1.770 0.056 0.017 0.008 0.003
mBEV 0.000 0.000 0.000 0.013 0.005 0.000

4.16 EVs WTP & SRHERXT EL
gi b, WARBMATHINBORE, BEV JGEER & T 15 BRICHR I o, ify HovJ
DAOR M B AR 22 SR HR G, A SRAE IR R A Y, ORI T 0 2 28K
4.3  HZNRERRE B

EICEE 40 A 42 ATl gs T VAT L 7 AR i A A B RE VR T FE
(MI/MT 7= 5 BE AT D RV (/M 7= s ) 5oL, RTEBhR AT
B RETRTEHRE (MI/km) FVSARHE (g/km) 10 ATTRHE 3 HAHMELEN
B B 25 SR GG LU B X R e R ERE WTW 5B BTE a5 3, DL SRk
03, % 0.4, % 0.5 13K 0.6,
4.3.1  HEBNRZE WTW HEFH R

B 4.17 A B4 WTW B — IR BRI FE TR DL o IIRRL R i) A1 B2 HH R PT DA
EPEE T, BaEMENESREA 2R AR H T ZHT R E B WTP 168
TREEAL RN 26.4%, BVAIHM WTP (1] 74 8%(K1R%, 113 PHEV WTW ({412 R
FXFHEV A&, 1 BEV Kzh ik B i E M, {13 BEV WTW B8 AE
B i T HEV. BV WTW B AT ORI AR 00 5 6 B — IR BB IS B 1 00— 2L
ERFLEH, BEV WTW AL A BOEHEFE R (5 S K — IR REVR T & 1) Ee 3 ) AR T
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eSO NAE, B BEV WTW ] fR A BRI AR A R 0K, X2 T
] b P A B P P A RS A R, P L, KRR OKBH B B AR

H

3.500

3.000

2.500

m e
O AR
i
m

2.000

1.500

1.000

WTWEEIRIHFE (MI/km)

0.500

0.000 .
GICEV HEV PHEV BEV

B 417 EVs WTW — X gEiRiEFER R AT bE
[ 4.18 S HLBNVRZE WTW i SR HEBUG 0 ABRBEFE ST A B R PT LA HY
EPEERT, HIE WIW SIRESE (COz-eq) HEMUE IS & H— X BEIE I #E
TEIL 2 NoO HEHON WTW I 2= 80N K TTIRAN AL 1%, 7645 B WTW I 2 R HER
I AT LK N,O 2l 4 2% 138190,

300 1.0

B GHG OCO2 OCH4 B N20

250 |

108
.. E
200 | g
& 106 =
e I s
g 150 | e
g | | &
% i 1 04 =
100 |
= | =
1 =
i 102
50 ]
0 0.0

GICEV HEV PHEV BEV

& 4.18 EVs WTW RESINHERMUF R EE
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] 4.19 A HIEIAZAE WTW RV . IR DL H, BB VR AUk
PRGN, VOC Al CO (EER HMREHERMA G ED) KIHSCE I B S,
NO, 1l SO, (FHE2k A KRR A FER ) JUI B R 14 57 o 55 40 0] LAFE HRAORE (PMLTO T PM2.5)
HEBC A B ks, X R IEIR T RAE IR K2 T

250 [
] — B VOC
mco
o 200 -
) —_—
%0 OPM10
2 150 | B PM25
g @ so2
r —
= 100 |
ELs I
o4
H
= 050 |
0.00J —I_'—l_l- —I—-—|_|- _I—J—I
GICEV HEV PHEV BEV

& 419 EVs WIW £ SAHEAUB R EE

432 HIHKE WTW FRER

T4y A T EVs AL GICEV R} A 1 B IR T FEFA A HERE O, 4 T SEVE MR
)T fi# EVs AHX GICEV BV EIRIAEH:, Kl 4.20 251 T B4 WTW K BEFETI
HEJSUAFRX GICEV AR FRbR M2 . WP T DA, hEE SR, EVs R EK
PEARA B FERIBUR . BB ) RA RS &, 1T e o, bR
IRIEFERIG R, TR WTP AL R4 RN =22 —, F8UBEV B
SRR ISk BT 29 R A == A AL 2L K T HEV 1 PHEV. HEV. PHEV #ll BEV
FHXS GICEV K] WTW — R REIR 5 4185073 7 4 34.0%. 37.6%AH1 22.5%: GHG JHFL
a7 AIFEAR T 33.8%. 35.7%H1 10.5%. T KA RIS Lt A 4442 $30, BEV
WTW [#) CH, A1 PM10 & PM2.5 Lk GICEV AR AR R i H 45.4%. 120.7%F1 64.8%.
[ B A R IR T 7= A2 K 2= 1) NOy Fll SO,, 531 BEV ] NOx Fl SO, HEJft Lt GICEV 3
T 10.8%F1 315.8%.

HEE R, WHEBIAZE WTW [P G, W R G BRIE T 4RI GHG
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JHRE A, PHEV IRCR W2, il & il it A FEEAEE s i 2 SR A FaAT A e
FEIFEL A, BEV JCRER: il 15 B BEUR 5 H 1 o

‘DHEVIPHEVDBEV‘

500% _
o
Bl 400% [-------- ol
€I
\_)é
Sm
pri o
L kL [ h e .
jusng
=
e
= 200%
— B (A SN NNNNENITES NSNS NN NN NSNS N NN NN NN FEF R FFFFFEFFFFEFFEFFFFRFFEFFE R r
E
=
=
T T
fer=y
b
iy 0%
3
=
. <)

S100% L me ¢ : g = Q g K S0 &

£ £ ® © © © 2 © ¥ ¢ Z 5 ¢ @&
EiA] s = A
=

420 EVs WTW 83t GICEV &IMEIEIRAITLE

B 4.21 45 H T S HARGH WTW S B IRSE STk EE R af LG, AR AR
HLYAE WTW (R BESR . LA REVRATA IEFELL & COsy N3O+ GHG (COz-eq). VOC.
CO HB =L R AEAEATIER B, 430 5 AH D B 1] 75.4% 76.0% 71.8% 87.1%. 68.5%.
64.0%7F1 97.9%, T EE B T HEETTMRBE RE . WTW BIERIEFELL S CHyw NOL.
PM10. PM2.5 Fll SO, HE = Z R AEAEMEL FUf B (WTP); Horhfifk B2 H R
PR I L 2R TV FER 1, R 20 20 BRI R BRI KAl T WP B B i 11
SO+ PM10 1 PM2.5 HFJ8G 1M CH, AR BE& o340 il PSRN F iy B A A < ke A
FOMPEERIA TR 77 4. HEV F1 PHEV M BOW WTW Sisk#a 45 GICEV [
BRI PTW B BRI STRRES A BEAIS, 170 BEV AT 3R BoA WTW BREE 5 i) 51
BRAEH /D, TTLLE H BEV AT B FRR s i m HZ R AHDR, #15 PTW |
BOAP AU REE R SRR A BRI A HH AR L & PM10 AL PM2.5 G HL
Oy WTW AHRY S0 ) 35.8%. 35.7% 36.2%. 12.4. 9.7%Hl1 8.9%, H:AfckiHkii
BEE Prataiaityiey i R S T i

MWIREL IR S S, BEEVZES) N RGBSR IR, AT B S REYR |
AT R BLRIA T AL LA S SAARHEBOS WTW  HE . 5% 10 () D R S50 M PAAIG - B 2 Bt
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F 4T RAAE VAR B 0AT

THABAHE B 1) L E BLER T, [ e T SR P A TR aia B

Jish, ATLAE L, fEP M EERAE T R T, WREH R R, BEETR
RN ARG AR RN, A7 B B FRER A FELE ST R, 78 B 22 i e
SR RN, AR 78 A BT A T oo xR A R OB, R E LA
FAGH” Bt .

‘llﬁ*ﬂrﬁﬂ& OB B O3B B ERE R OMEME O7HHR
100% = . 100% = .
E 80% | = 80% f
= B
IS i & |
- HE
% 60% | 2 60% | H H
& i
o &
5 o
E 40% E o 40% |
L B =
= WU I 2
5 20% | T o20% |
= 0%
me im ﬁmvowooxgux_s gg';g%@mwowooxgm_s
EE¥EoBeFLTz g EExE88g88°834da
m N AR BN AR
< -
B EREE DR BE OTHNER B ERIEE O RENE OTHME
100% = 100%
= 80% . 80%
3 i | g 7"
B H
& = ipigi
B 60% | = 60% |
” B
& @
E 40% | B | § 40% |
z | 5
T 20% | A 20% |
0% =
gg"(%@mvowooxgm_s o ﬁmvowooxgux_s
tEexpeocB2BE°E235 g9 22 ®ug8B82BR°Es4gaq
w E 7 w £ 7

421 EVs WTW &M EZ By samk 3t b

14 KENG

AT ARSI Ly B A LR, 85 T P S AT o A Y
WP B KRS RIS AR =T e B sy R R I SRR oL, B TV A
SRR =R AR, BT AR, EESRATE

67



ERKFEH LR

(1) 73 H ST e BV AT L R ) RESERT AU HE IO B VRIRIE ) WTP (1)
REVR AL BRI A 74.8% A1 26.4%:;
(2) X HEV. PHEV M BEV 1TBUFBLEAT 740871, HH5 GICEV it T AF Lk
(3) 4rHT EVs WTW WM ESIE 4R, 5 GICEV 4T T X HL4r#T.
fEPEE ST, WHEA%E WTW HEEZmE B LA H, R4 816
JEFIPEAR GHG HESMRE A th R, PHEV RIBCRERHE, SoE & et hEHNE:: mi
BB SRR K, BEV Jo5E 2 il &b [H BB VR 45 M 1
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E5E HEISEEWEAHRETESH

AT VPG BV EM B A BRI FURR . AR R R A PR AR R
T BE YR T R AN AR HE R o

MRS 3 =R, AEEPFEY (Vehicle Cycle) FELMFTTAS, WK 5.1
HioRo

REEHK F it VR
REEk Wbk CREim)
HeAC SrERHCIX
%z
AT AT
EOL
P AL
figkE/km, HE/km

51 EINSEEWME

5.1 HEIRERR

AR SO BT =R AR AN (1 sy R A T e A A o A, DASE
ANL [IZE50 WAL (Vehicle Cycle Model) VO 1> MOUGBLRE, 33 o [ 14 5 45k
(R SCR AR} > 55 103 127 WAL g oy o U R RV E I TIN & EESHE
5.1,

69



ERKFEH LR

HEV 4% Pruis HEV ({85 NHW20), %448 TOYOTA % MR G317/ &
% (THS-II, Toyota Hybrid System 11D, %ZE#5# 1.5L HAPIKLYMAEBINL, Z56 HFE
4.7L/100km, ¥4 RN 1345kg. B 08 E Bt (Ni-NHD U, 28 4
7.2V R AR R ER AL A 201.6V FHIIAL, AL F 128 AN Hit s AT, EPA BT
T/ T e A RN BRI 47TMPG (5.0L/100km) 1?2, Pruis HEV J& 2Bk &t
AP RE B REE, I 2006 4F 1 HEREIER B, 7R3 pErETL

PHEV, &+ Pruis PHEV ({85 NHW35) (MY2010), ##—#K 1.8L EA| VIR
AR BRI — & 60kW —FHAZ AR FHLI 1481, #g iy 1525kg (336210) U141,
&)y At R A B B i (Li-TonD '™, H 96 A~ 3.6V (¥4 B 1 it 2 0 HR - R I
"2 346V HiE . HRYE EPA T U780 Al s R 1 HL A H R N 95SMPGe (miles
per gallon gasoline equivalent) (2.5L/100km) %), JE-ARR T K 5 a2 51
LEOT I BUMFE R SOMPG (4.7L/100km) 2% 151 4l et LR 4 15mi (24km) 122, %
BT 2009 4 12 H 2 HEEEAZUIE RS A, RN ERES AT L (CARTAC)
HERREAR T 2010 4 10 H 28 HAEER T CHragliy T g S EPL), 2011 4 3
JIIERCKE B — A IR A3 035 BT 5 LN [ SR 2 g o 100,

BEV L4 BRA B i 47 1Y ] A A 4 BV NISSAN LEAF (MY2011), %4
FEE 2K 24kWeh [0 e, BRSO 1521kg (33541b) P, EPA A AR HLB)
BAEH 117km (73mi), 17X T/ EE T gRE M A5 R 0.212kWh/km (99MPGe,
2.4L/100km)> "1, gy aith by 48 4~ 8.4V [ i th ST ZH Bl 2E 403.2V HiFER, R REER
A8 4 ANk, RIE 192 AN ek, Bath TRk 294kg (6481b) P, e a#(a] 90ft,
ITZARB 236

AT HRFVIEX L, ASCRH—F AR RS G NI 4, H s

(Nissan Versa, 4 Nissan Tiida), JL#5#—K 1.6L BAIUGELVTHARSINL, &5
B4 1320kg, RMMZGEME A 3IMPG (7.6L/100km) U272, 78 2005 £ 4 H 19 H, %
PCH 7= g F 42 24w A S IR T .

70
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F 51 FARSEARSHE
REBR GICEV HEV PHEV BEV
BABL AR 93HK i 93#H I O3#IRIHI+HEL ) 7
B (k) 1320 1345 1525 1521
RHPL kW) goH = 57 73
L (kW) ~ 50 60 80
J& B 12V #iR 12V #iR 12V #i1R 12V iR
Bl 7 e
FH Yt A A (Ni-MH) | #5 T(Li-Ion) 58 F~(Li-Ton)
R 5 39kg(8610)* | 151.1kg(3331b)"* | 294kg (6481b) [°1
FHLIH 25 B 1.31kW-h!'* 4 4kW-h'*! 24kWh
b 24km 117km

EPA #I7E: VRZEIR Fi=34 FiiE+136kg (3001b, FFZLTY)
[RI, O T4 2E40 J S RO 0 45 R R % 5 0L A 45 R, M i s e d
FEIVEA G5 R, IF HON T #fR A dr A i R R AT T Lo, FR B WOE AH A IRV
A AR VRZEA A LI DPAR 0BT (K SRR R 2 14 19331 R 2 o o M LR — M
fE 15000-300000km . A SCRIFFEBEE VR AR5 A JEL 1 BLFE 4 250000km (15 4F) 71, B3¢
ANL HF5E 73 45 75 i LR 2004 160000mi (257440km) FEA—FL,

Bl

HBIRERENM B2 A

£E 5.1 P4 T BTt T i e e Ui, Iy R e o v A 3 v AR P PR
AETEAT 2590 J] ST 0P A I SR AR P A P B 2 B, PRI R A SCHE BT S BUBE GICEV
HEV Al PHEV {82 it H A5 30kg IV, A 488 BRIl 2570l B V38 42
B, 34k, ASCHTI AR M it (iR it ATt ok ¥ o
KM GREET2.2012 [SRE (. & HHE IR E A AR 5.2,

#x52 RERENH
GICEV HEV PHEV BEV
BERE (kg) 1290 1315 1495 1491
Ja s (kg) 16.3 10 10 10
e (ke) 39 151.1 294
itk (kg ©

RSN M 3.9 3.9 3.9
B 0.9 0.9 0.9 0.9
A SRR 9 10.9 0.8 0.8 0.8
B 10.4 10.4 10.4 7.2
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§3R52
GICEV HEV PHEV BEV
[EERilba 2.7 2.7 L7 2.7
NIl 13.6 13.6 13.6 13.6
&t 424 323 32.3 29.1
i FEAE (kg) 1231.3 1233.7 1301.6 1161.8

*E RGBT AN TR AR s B ) e W R 4

H T VP BB A AR REFE AR, E S R AUIIE VM B 2. H AT
Br b AT VR 20 VP YR B B 4 SRR R AL BT R B =38 H—R=2
A1 5 1 O Ak A = PR e SR SR KA R i s U 1, e L AT 6% SR BT S 2R AL A R 4
Sy T RHME ADVISOR 5 PSAT S5H AR S 31, JL =A% IBIS
Associates Fll Oak Ridge National Laboratory Bt H & [ ASCM 47 ( Automotive System
Cost Model) "7 Uk B3 BT ifF ST 2240 (KA RL 415y o 1fif ANL FFR [y GREET2 /23
R =I5, 31575 Toyota Prius HIAFRMRIR T, £56 70 B fs S AR Z24mA4 KL 53 Al
[RS8 1E O, A B AT E B ASUBE R 4240 F VAL BfF . AN SCR A GREET2.2012 o, &4
TREMBH 3 A TGO, 08 A SO R4 L M R AT O, ek 5.3 ik 5.4

FT7R o
%53 EETEMEER D4 704115159

GICEV HEV PHEV BEV
EWERE
W 62.3% 65.7% 66.3% 66.4%
ek 10.9% 5.8% 5.3% 2.0%
1B EE 2.2% 1.8% 1.8% 1.0%
BEEE 4.6% 5.1% 4.7% 5.5%
il 1.9% 4.3% 4.3% 4.7%
W 2.9% 2.9% 3.0% 3.5%
AR 11.1% 10.5% 10.6% 12.1%
B 2.3% 1.7% 1.7% 1.8%
L 1.9% 2.2% 2.2% 3.0%
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F54 RIBHBRES IO

HYERHLM (Pb-Ac) Ni-MH L
PHEV | BEV
By 69.0% | 4% 28.2% | HhEHE (LiMn,O4) 27.8% | 33.4%
R 7.9% | N 23.7% | fi5e 12.2% | 14.6%
el BAM | 6.1% | PR | 225% | KiG 7 21% | 2.5%
ST Y 2.1% | B 12.0% | 14.8% | 10.9%
7K 14.1% | Wt4E | 6.3% | B4R 22.9% | 19.1%
HE 0.8% | il 3.9% | HLfi#: LiPFs 1.7% | 1.8%
B 1.8% | M. BRIROMGTR | 49% | 5.3%
% 1.0% | FEMRE: BRI _WER | 49% | 53%
Y 0.5% | Bk BRAK 22% | 1.7%
Bk 0.1% | Bk ROK 04% | 03%
¥l PET 1.7% | 12%
i 1.9% | 1.4%
2 03% | 03%
WHW: % 13% | 1.0%
L ¥ oot 0.9% | 1.2%

i PET-RX R —FR L

53 MRUEFRIFSER R

AR AE 7 B B 05 T R B AR B e TR R b T AR A . — 4 K AR A P I S R
W, A= T EMBRIRR AR, MR A= KA G RE IR 75 SR 1] ReAH 2 £ 50%!,
M52 R LAV, MR KA & T T SR R 1 =4y 2 ., BRI SO PR 4R 5T
VAR AR B RE VR T RERIHE IO 10, HL A% I 5 20 TR 5.3 AT VEATS 104,
Forp A= TP Bk EEk A (2010 4F b BEATMV AR BEAR 25 R A AR S5 Skl
OO AR R TPRERE TR CREENFEY 2011) U (hEBESRE TIFEE
2011) MO ekl 1991,

FEARMTT Y, BREAMBAGEAME, B RAEMEL. MR 1
REVRVHFEANHE U DORYE (b BEIR R T AE 48 20110 H AR SAT ML I RE R A FH 1% 10
JFRH GREET2.2012 #4453, 1% 5.5 Fias.
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K WMo B | %A i G == S Y L (- - {53 B | # FU B | M| & =i B 5
g/ikg LiPF, PET
Eﬁ\ﬁﬁ 56.819 [ 17.635 |207.075(221.283| 43.476 | 21.775 [114.830| 43.672 | 13.701 | 0.694 |94.746 | 22.413 [207.586(394.513365.670( 33.170 | 44.609 | 44.642 |1240.306 | 24.477 | 89.265 [ 106.326] 96.438 | 21.218 | 511.435
j{ﬁE% 54.754 [ 17.375 1192.506(206.055] 41.327 | 21.434 (110.473| 44.516 | 13.106 | 0.674 [92.251|21.831 [202.333(368.550]334.782(32.617 | 44.158 | 42.353 |1220.268 | 24.320 | 88.704 [ 102.356] 92.963 | 21.041 | 478.005
ﬁ": 50.249  15.590 [172.459(180.157] 32.837 | 3.886 | 55.981 | 22.215]12.213 | 0.226 [31.010| 6.372 [121.611(357.680]322.880| 4.642 | 4.906 |23.9541209.541| 1.931 | 6.895 | 44.179 | 45.681 | 2.031 |349.486
EYEH 0.289 | 1.712 | 11.593 | 12.114 | 3.535 | 16.796 | 22.829 | 21.475 | 0.756 | 0.379 |20.170 | 15.041 | 78.885 | 5.167 | 5.140 | 5.712 | 32.450 | 1.552 | 5.968 | 14.881|53.945| 10.255 | 32.773 | 9.056 | 6.476
VOC 4.699 | 2.237 | 2941 | 3.114 | 0.455 | 0.124 | 1.166 | 6.143 | 1.890 | 0.025 | 1.252 | 0.133 | 1.460 | 3.070 | 2.738 | 2.135 | 0.221 | 0.335 | 1.911 | 0.131 | 0.481 | 1.448 | 0.826 | 9.687 | 3.851
CO 33910 1.059 | 4.446 | 4.794 1.889 | 0.470 | 6.653 | 2.661 | 0.568 | 0.077 | 8.118 | 1.807 | 7.534 | 10.681 | 5.102 | 2.391 | 0.582 | 0.938 | 3.749 | 0.349 | 1.286 | 4.824 |16.214] 0.681 | 9.280
NOy 9.419 | 2.176 | 27.233 | 28.965 | 6.718 | 3.210 | 12.276 | 6.958 | 1.552 | 0.539 | 8.034 [ 14.771] 30.521 | 53.618 | 47.616 | 5.913 | 2.668 | 5.440 | 33.903 | 1.569 | 5.740 | 9.909 | 9.800 | 3.116 | 63.810
PM10 6.318 | 2.052 | 29.323 | 30.721 | 2.748 | 1.257 | 4.922 | 4.521 | 5.464 | 0.040 | 2.271 | 1.008 | 16.819 | 25.808 | 17.242 | 2.132 | 0.404 | 1.382 | 11.373 | 0.237 | 0.855 | 2.798 | 3.463 | 0.650 | 19.062
PM2.5 | 2.764 | 0.909 | 13.632 | 14.295 | 1.183 | 0.722 | 1.825 | 2.145 | 2.659 | 0.030 | 0.913 | 0.570 | 7.940 | 10.400 | 6.696 | 1.914 | 0.216 | 0.583 | 4.508 | 0.134 | 0.484 | 1.096 | 1.480 | 0.391 | 7.637
SO, 248451 5.229 | 71.341 | 74.634 [149.415| 5.774 | 33.478 | 6.932 |32.354 |1 20.271 [ 33.129| 13.453 [723.516]118.896[122.089| 2.760 | 2.651 | 9.431 [196.403| 1.357 | 4.884 | 40.219 | 24.561 | 3.153 [133.289
CH, 18.584 | 4.540 | 61.658 | 66.709 | 13.526 | 7.041 | 43.545 | 9.630 | 7.479 | 0.138 [44.547 | 3.562 | 47.972 |122.065|110.769] 12.300 | 7.395 | 15.912 | 72.278 | 5.325 | 19.570 | 51.817 [ 31.392 | 7.271 [173.294
N,O 0.064 | 0.014 | 0.272 | 0.289 | 0.057 | 0.014 | 0.244 | 0.026 | 0.012 | 0.001 | 0.061 | 0.017 | 0.188 | 0.520 [ 0.519 | 0.017 | 0.020 | 0.056 | 0.342 | 0.008 | 0.029 | 0.079 | 0.076 | 0.018 | 0.683
CO, 6,821 | 1,209 | 19,436 | 20,588 | 3,670 | 1,954 | 6,478 | 3,951 877 56 3,639 | 2,027 | 18,173 | 34,646 | 31,405 | 2,843 | 1,117 | 3,339 | 20,616 | 550 2,019 | 4,887 | 5,411 | 1,775 | 40,472
GHG 7,305 | 1,327 | 21,700 | 23,015 | 4,025 | 2,134 | 7,640 | 4,200 | 1,068 60 4,771 | 2,122 | 19,429 | 37,852 | 34,329 | 3,156 | 1,308 | 3,754 | 22,525 | 685 2,517 | 6,206 | 6,219 | 1,962 | 45,008
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