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7 2-1 RHE RS an BRI ER N

per Vehicle-Life

Life-Cycle
/O
Component
6 ke B R+
Energy 100GJ 150GJ 100GJ
GHG 8.5 mt GGE 12 mt GGE 8.3 mt GGE
SO, 20 kg 28 kg 19 kg
Manufacture CcO 110 kg 150 kg 100 kg
NOx 20 kg 28 kg 19 kg
VOC 21 kg 29 kg 20 kg
PMo 5.7kg 8.1 kg 5.5kg
Pb 0.027 kg 0.039 kg 0.026 kg
Energy 890 GJ 1,300 GJ 1,400 GJ
GHG 69 mt GGE 82 mt GGE 110 mt GGE
) SO, 39kg 4.6 kg 6.0 kg
Operation CO 2,100 k 2,000 k 2,700 k
(Running ) d g - £ : £
NOx 160 kg 180 kg 240 kg
VOC 59 kg 69 kg 110 kg
PM;o 20 kg 18 kg 18 kg
Pb — — —
CO 1,400 kg 1,600 kg 2,000 kg
Operation ( Start )
NOx 32 kg 38 kg 48 kg
VOC 66 kg 82 kg 140 kg
Operation (Tire) | PM;o 1.5kg 1.4kg 1.4 kg
Operation (Brake ) | PM;q 23 kg 2.2kg 2.2 kg
) i 0.00015 mt 0.00011 mt 0.00011 mt
Automotive Repair | GHG
GGE GGE GGE
R YR - Mikhail V. Chester (2008)
ﬁéf © mt - metric tons > GGE : Gasoline Gallons Equivalent ; GJ * Gigajoule
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7 2-1 JRUMEBE R A an EHAREER IR (#8 1)

per Vehicle-Life

Life-Cycle
/O
Component
6 ke B R+
Evaporative Losses VOC 94 kg 86 kg 140 kg
Energy 19 GJ 17 GJ 17 GJ
GHG 1.3 mt GGE 1.2 mt GGE 1.2 mt GGE
SO, 2.4 kg 2.2 kg 2.2 kg
Tire Production CcO 19 kg 17 kg 17 kg
NOx 2.5kg 23 kg 23 kg
VOC 3.2 kg 29kg 2.9 kg
PMio - - -
Pb 1.4 kg 1.3 kg 1.3 kg
Energy 40 GJ 41 GJ 41 GJ
GHG 3.3 mt GGE 3.3 mt GGE 3.3 mt GGE
SO, 8.4 kg 8.6 kg 8.6 kg
Maintenance CcO 33 kg 34 kg 34 kg
NOx 7.7kg 7.9 kg 7.9 kg
VOC 9.7 kg 10 kg 10 kg
PMio - - -
Pb 1.6 kg 1.7 kg 1.7 kg

R YR - Mikhail V. Chester (2008)
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7 2-1 JRUMEE R A an EHAREER e (#82)

per Vehicle-Life
Life-Cycle
/O
Component
6 ke B R+
Energy 13GJ 12GJ 12GJ
GHG 1.1 mt GGE 0.99 mt GGE 0.99 mt GGE
SO 2.6k 24k 24k
Fixed Costs / 2 g g g
CO 12 kg 11 kg 11 kg
Insurance

NOx 29kg 2.7kg 2.7kg
VOC 2.2kg 2.0kg 2.0kg
PMo 0.55 kg 0.51 kg 0.52 kg
Pb — — —

TR Y Mikhail V. Chester (2008)

Mikhail Chester and Arpad Horvath (2009 ) zt & # it 2008 & 2_ 5=
T OB B E RE CFHOD TR RN R B
AREPEL BB INL > HHDABEKL LW 3,000F 2+
022008 #FF P ARAEZ TR EEE AT P Al o fom i 2008 £ 27 F
BT R TR gsqgﬁ SO I BT B S B SR o R VI S
ZA B s AR SR T4 E GHG -~ SO, ~ CO 2 #3x > 11 %
Fado 3R 2 P MON S AR T M B o BB BT BB D L PR B
W AR 22970 0 HP TR TR e 2 it A
MR E A AR R ER AR
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7 2-2 JRIMEASEIMER B & A A E HARE ExHEIL

Life-Cycle Component

/O

per Vehicle-Life

AL B h 96 B
Energy 100 GJ 120 GJ
GHG 8.5 mt GGE 9.8 mt GGE
SO, 20 kg 23 kg
Manufacture <o 110 ke 120 ke
NOx 20 kg 23 kg
VOC 21 kg 24 kg
PMjy 5.7kg 6.5 kg
Pb 0.027 kg 0.031 kg
Energy 890 GJ 870 GJ
GHG 69 mt GGE 65 mt GGE
SO, 39kg 0.6 kg
Operation ( Running ) o 2100 kg 150 kg
NOx 160 kg 240 kg
VOC 59 kg 62 kg
PMjy 20 kg 30 kg
Pb — —
CcO 1,400 kg 140 kg
Operation ( Start ) NOx 32 kg 14 kg
VOC 66 kg 47 kg
Operation ( Tire ) PM,o 1.5kg 1.5kg
Operation ( Brake ) PM;, 2.3 kg 2.3 kg
. : 0.00015 mt
Automotive Repair GHG 950 g GGE
GGE
Automotive Repair VOC 3.4kg 22 kg
Evaporative Losses VOC 94 kg —
Energy 19GJ 19GJ
GHG 1.3 mt GGE 1.3 mt GGE
SO, 2.4 kg 2.4 kg
, , CcO 19 kg 19 kg
Tire Production
NOx 2.5kg 2.5kg
VOC 3.2 kg 3.2 kg
PMio - -
Pb 1.4 kg 1.4 kg

e F 95 Mikhail Chester and Arpad Horvath (2009)
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7 2-2 RIMESEMEEE K E A

|
A

BHERFE ExHE (#8)

. per Vehicle-Life
Life-Cycle Component /0 —
AL B h 96 B

Energy 40 GJ 40 GJ
GHG 3.3 mt GGE 3.3 mt GGE
SO, 8.4 kg 8.4 kg

) CcO 33 kg 33 kg

Maintenance

NOx 7.7 kg 7.7 kg
vVOC 9.7kg 9.7kg
PMio - -
Pb 1.6 kg 1.6 kg
Energy 13GJ 13GJ
GHG 1.1 mt GGE 1.1 mt GGE
SO, 2.6 kg 2.6 kg

) CO 12 kg 12 kg

Fixed Costs / Insurance
NOx 2.9 kg 2.9 kg
VOC 2.2 kg 2.2 kg
PMo 0.55 kg 0.55 kg
Pb — —
=R f ¥ : Mikhail Chester and Arpad Horvath (2009)
2.3.2 [BfEE
£ & etk B i L 244 (Environmental Improvement of Passenger

Cars, IMPRO-car project) ik p " & & &
S H TR LD - B R ﬁ;ﬁvg«'ri (o3l 8~ 2
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KB REGD G AT RFETAIED > LR Ao
2-3 #75% o
(D2 EEBRE > PR Z RAPRRHFEZ LB e Xy
(2)*;1%%“@\112}* B e 3EmRie s RE B R 2L RRE
(3) At 4 A FFE (Well-To-Tank, WTT ) ;
4) 2 ﬁtﬁiffe’ * p# B (Tank -To- Wheel, TTW ) ;
(5) 2 fm¥ J2 % 2 L (End Of Life, EOL )

Car process flow diagram
Captian
Producton part
WTT pan
id e i Spare parts Fnpairing
" & VWom snare party
End-ol-ile phase
P
- T Matarial
| B [ ] Mecvaang
Rnwrmlrml} -’ e | [ ow | | Gardrhing Car Car T j
mining T | procesaing | | sssemd {TTW) + Abr- | '_“} "'{m
i L _lmnﬂinnrlng e =z A
= Lo B
A
Vst
| >
Pranary Fusi !
gy | - Faul - EESARSNING of  Foul 2
uniraon s o [ ’
Lawwtfill of
Tk Stalkcn
I T ‘

ELHEH“#E ! Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

B 2-3 JRES diBHARRE
GFTEFIEL FEPTEATET A B DA
B ORATE A BB L 1;(;{:‘4:&%;@%*-%%)’%#&

BT RS T 2 ERERF cF eI T EFTRK

é‘-

2-13



23 ERHEANTEZERAT

Petrol Diesel
Average lifespan (years) 12.5 12.5
Air emission standard EURO4 EURO4
Average annual distance (km) 16 900 19100
Average total mileage (km) 211 250 238750
Average cylinder capacity (cm?) 1585 1905
Average power (kW) 78 83
Average weight (kg) 1240 1463
Body model Saloon Saloon

?HQ]_{»(’FJ * Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars

(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

(1) 2 fmild 1s £
BB E TR E R LA B R 2 BARR o £ 24
T2 ARG ER AR R Y FA) o 8 AR
GO FIE R B TR A R Y VW20 2 P endicdy 7
TR hod 2-5 275F o
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7 2-4 SIS R REER B

Materials (kg) Petrol Diesel
Total content of ferrows and non-farrous metals 810 1040
Steal BOF 500 B33
Stael EAF 242 326
Total content of iron and steel 742 050
Aluminium primeary 42 43
Aluminiem secondary 26 2
Total content of aluminium 68 72
Cu 9 ]
Mg 05 0.5
Pt 0.001 0,001
Al 0.0003 0.0003
Rh 0.0002 0.0002
Glass 40 40
Paint 36 36
Total comtent of plastics
PP 114 114
PE 37 E)
PU 30 a0
ABS 9 ]
PA 5} B
PET 4 4
Dther 27 27
Miscellaneous (textile, ofc.) 23 23
Tyres
Rubber 4 4
Carbon black 2 2
Steal 1 1
Taxtiles 0.4 0.4
Zinc oxide o1 01
Sulphur o1 01
Additives 1 1
Sub-total {4 units) ]| )|
Battary
Lead 9 o
PP 07 07
Sulphuric acid 4 4
PNC 0.3 0.3
Sub-tofal 4 14
Fluids
Transmission fluid 7 7
Engine coolant 2 12
Engine il 3 3
Petrol/diesel 23 5
Brake fluid 1 1
Refrigerant 09 0.9
Water 2
Windzcraen cloaning agant 05 0.5
Sub-tofal 50 52
Total weight 1240 1463

?HQI_HFI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars

(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.
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7 2-5 #% B%E“‘ﬁ'é/ UHRE

Year: 2004 5.093.000 cars produced

VW Europe MWh GJ MJ/car kWh/car
Gas and coal 5 680 000 20 448 000 4015 1115
Electricity 7210 000 25 956 000 5096 1416
District heating 3020 000 10 872 000 2135 593
Total 15910 000 57 276 000 11 246 3124

?HQ]_{»(FI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

2) "’T@Eﬁ =gt
e » T 2 et o J2mie s TF ~BIEW 2 LK
HE o RIS P FEBp R T AR A R
YosgE dgo S SIEFL R S FLB G S KR E ARRKE o T 2
Fisle ] Faodk 2-6~% 2-7 1m0 ¥ Rt { #HE P Ao
2-8 #777 °

X

7= 2-6 EHHLAR

Materials % on total weight
Components containing lead 64

PP components 5
Sulphuric acid 29
Separators (PP, PVC, cellulose) 3

Total weight 13- 14 kg

?HQ]_{»(FI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

= 2-7 EmAntER AR

Materials % on total weight
Rubber/elastomers 48

Carbon black 22

Metal 15

Textile 5

Zinc oxide 1

Sulphur 1

Additives 8

Total weight 7.8kg

?HQ]_{»(FI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.
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7< 2-8 [t EBHC B iREHA

Spare parts Travelled distance (km)
Tyres 40000

Batteries 80 000

Lubricants 10 000 (density 0.9 ka/l)
Refrigerants (R134a) 100 000 (density 0.000464 kg/l)
Brakes 40000 (materials not quantified)

?HQ]_{»(’FI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

(3) 22

‘:E'ﬂ?‘ FEF-F)» «Jf"

MRS A B AR A L 2
JCONCAWE/EUCAR34 2.

R

P& £~ ( Well-To-Tank, WTT)
Fd 0B ER

S HRE fRiE E R
AR RE R F R ¥ Pl E %% JRC(IES)
WTW #= 3

L g

% Ecoinvent database35 Z.

FHAed 2-9 B7F o

=29 MBEERERRE

Petrol Diesel Unit Source
Abiotic depletion (AD) 0.037 0.032 kg Sb-eq/GJ Ecoinvent
Global warming (GW) 13 14 kg CO,-eq/GJ WTW study
Ozone layer depletion (ODP) 0.011 0.011 kg CFC-11-eq/GJ Ecoinvent
Photochemical oxidation (POCP) 0.051 0.043 kg CH,/GJ Ecoinvent
Acidification (AP) 0.19 0.14 kg 80,-eq/GJ Ecoinvent
Eutrophication (EP) 0.015 0.014 kg PO,-eq/GJ Ecoinvent
Particles (PM2.5) 0.0048 0.0040 kg/GJ Ecoinvent
Primary energy (PE) 0.14 0.16 GJ/GJ WTW study

?HQ]_{»(’FI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

(4)# * p# B (Tank -To- Wheel, TTW )

NI S I S
38 238,750 2 2 o
% ms (50 ppm) ¥

S

=3

i %+ 1,450-1,700 = & =

N\
)

LA GEP P £ FR 211,250
Ao oRh i LR 25 WATH R
ﬂa‘;ﬂ'ﬁw FRAL

EE T ENE ¥
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£ 42 1,700-2,000 = = 24 ) Hedh (5 % A o HAp BB a i 4o
% 2-10 #77
< 2-10 1AxMsE PR B ERHEA SR

Engine
Capacity co, co HC NO, PM
cm?® g/km
average 1592 173 041 0.053 0.026
min 1468 139 0.06 0.010 0.005
Petrol cars
max 1699 221 0.78 0.096 0.071
1.00 0.100 0.080
average 1944 160 0.14 0.027 0.204 0.014
: min 1753 120 0.01 0.000 0.126 0.000
Diesel cars
max 1998 205 0.48 0.377 0.245 0.025
.50 0.250 0.025

?HQ]_{»(FI : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

(5) W YT JLFF F

fﬁ%ﬁiﬁ‘}"ﬂifé TR Z R IE S N E o KRR
Koltun et al.36 2_2Z3% & > 4p M #cdp P % 4o i 2-11 #757 o
Z<2-11 #ES EimIEIHQ@%IEEMZFIEH‘EEIEIH&IR«?
Reuse (%) Recycling (%) Recovery (%) Landfill (%)
Ferrous 5 94 0 1
Non-ferrous (PGM not included) 10 87 0 3
Plastics + polymers 1 0 0 99
Tyres 21 0 66 13
Glass 0 0 0 100
Batteries 8 92 0 0
Fluids 29 Al 0 0
Textiles 0 0 0 100
Rubber 0 0 0 100
Other 0 0 0 100

e Yf ¢ Nemry, G. Leduc, 1. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

3. A M AT ESE
é}ﬁ_} - é‘fv’:‘ iﬁﬂ b7 /\v}’-’rﬂﬁ’xﬁi A E,]J IJ(_L /Fll
B AL BREE 4L E POclcE o Aok 2-12 2 £ 2-13 ¢ °
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< 2-12 RHE L AR TRER

Impact categories Units Production  Spare Parts WTT TTW EOL Total
Abiotic depletion kg Sh-eq 0.153 0.162 0.001 0.000 0.000 0.315

| ciobal warming 1C0.-eq 43 0.4 7.4 439 01 562 |
0zone depletion kg CFC-11-eq  0.0002 0.0001 0.0064 0.0000 0.0000 0.0067
Photochemical pollution kg C_H, 7.0 18 302 9.0 0.02 48.0
Acidification kg S0,-eq 44.5 2.4 113.3 3.6 01 163.8
Eutrophication ka PO,-eq 4.8 02 89 0.9 0.03 14.8
PM2.5 kg 09 0.1 29 0.0 0.0 3.9

| Primary energy GJ 65.8 12.7 82.8 5955 0.05 756.8 |
Bulk waste kg 3325 15.8 216.5 0.0 286.7 851.7

?H‘:]_H’Fl : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.

< 2-13 SemE L e A THRER

Impact categories Units Production  Spare Parts WTT TTW EOL Total
Abiotic depletion kg Sb-eq 0.162 0.183 0.000 0.000 0.000 0.345

| Global warming tG0,-eq 47 0.5 8.7 46.2 01 601 |
0Ozone depletion kg CFC-11-eq 0.0002 0.0001 0.0065 0.0000 0.0000 0.0069
Photochemical pollution kg CH, 76 2.0 26.1 34.9 0.02 70.7
Acidification kg S0,-eq 454 27 87.7 26.3 0.1 162.3
Eutrophication kg PO,-eq 49 0.3 85 6.8 0.03 206
PM2.5 kg 0.9 0.2 2.5 3.5 0.0 7.0

I Primary energy GJ 69.2 14.4 Q7.4 609.0 0.05 TQOLI
Bulk waste kg 3743 17.9 178.1 0.0 3001 8704

?H‘:]_H’Fl : Nemry, G. Leduc, I. Mongelli, A. Uihlein, "Environmental Improvement of Passenger Cars
(IMPRO-car)", JRC Scientific and Technical Reports, EUR 23038, 2008.
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2.3.3 FREKRE

¥ Aemg (2010) 0 M- fATeOT 2 24 PR 14
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23.5 EBE
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R V5 © “ON THE ROAD IN 2020 (A life-cycle analysis of new automobile technologies ) ” , Weiss,
M.A., Heywood, J.B., Drake, E.M., Schafer A. and AuYeung F.F., Energy Laboratory, Massachusetts
Institute of Technology, Oce. 2000.

EH 2 (2002)E T TR Rl 4 Al s A
1995 ISO 14040 R ft > M 3 N FR B2 B 2 4 &kl
e R PR TR B FEL 0 SR %“;‘Q‘ﬁ”ﬁj_ % 3 OB PEE
A imdad A RUBIAE > 4R 2-7 #TF

2-26



r».j:k'

l

ZOEIEE (RHEFEEEE)

P

)

= - n
== ' | > EZ=D) | oA

|
|
X /INTI R
o | = BEY)
RElREAH —» 215 nmy

ORI BRI A AT R — 2 ) 7 004
2-7 T EENEEEARIRRE B A A B HARR B T, TTEERS

‘-\

2T PQO0)TFE T R EET o YRR AR T (TAR
B § 4 W 5 12,036kwh 22 12,917kwh » @ 7 #5488 5425
v 5 16,091kwh & W 5 = (TARE w (TR S S 1134 &
2125 ottt o F MR -mE N FF PG
BRI E 3 BHPRE T A PSS G if’,ﬁ%ﬁﬁi‘r ok
R drd 2-16 T o A AR B W RIFER > B iEE T

FiE 88.62% 0 BT F D 1148.72% 0 H Y I A& v g
AR BEREER A DE L

2-27



< 2-16 BRI E R XMk e {5 FI B ER FE RE R

SIS

LB L4 (S8 EE AR (REERE)

#BAEE (28 F12.068kWh (F394£E % 377.13 Whvkm)

AHIER co, SO, NO, CcoO NMVOC+CH,
HE LRk 226170 3.87 2.48 0.36 0.35

A% b4 S MEMEAMSE (w1334 )

2 A H  |#E %1609 kWh ($£34594E £ © 502.84 Whkm)

AdER Cco, SO, NO, CcO NMVOC+CH,
# 5 (ke)| 334932 5.73 3.67 0.53 0.52

Ao Mok PR R (Z478)

BAIRB |45 F12.036 kWh (4e5h T4 5 A EaEE & © 40737 Whikm)

AdIER CcO, SOx NOx &6 HC
HEEREky| 3.797.12 0.83 0.32 173.76 79.26

Ao oA |MohBEER P ()

hkmﬂ AL F 12917 KkWh (463 45 & T aE & © 403.65Wh/km )

A dER CcO, SOy NOy €6 HC
# 5 g (ke)| 3.512.00 0.83 5.76 7.90 21.34

ORI T AAE o R IR M — % I T 000
2.4 /NI

»i@p@+¢gﬁuw»a¢¢ggﬁuﬂ*u4

FUE R MBI FRANT ABEL AP BT o

I HBFETHIEL AP 2 R ART BT AP ES « Hidz
FH Rk R EET IR

20 BeRL AAH I AT RF A WL FH L huH AR e
§£¢$Wﬁﬁ‘ FAAEAEA B AA AT

7T —

g3 M

3. ﬁiﬁii@ﬁﬁﬂéﬂ%i&@%ﬂf?é? L2 3R L £
A
W

Ze 4
1

2RI R TFEGH YL ER TR A

o+

FEALERPNAPY 2 SEFTR -
AR T S R YRR ERR D F ] L

A

#

L% K=

FEpz v EhE o APH SRR R TR gRR Y IR

o

s

2-28



*LJK(“EEEEEEHHL_ Hﬁb/\/%§% bl ;
= mesHEnE HEHME T ARG

AFFEBER G E T LR R WP GER LR
# GREET » MOVES % it 45 » JEUE# AP {3 " 25501

3o

o
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B # % % ( Argonne National Laboratory » Transportation Technology
R&D Center) ** 1995 & B 4% & - £ i ik ¥ (energy-cycle) 4
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2. Weplir dp (fuel-cycle) 4 #73#0p
GREET it * 7 "ot = N R4 5@ * 7 2 il h

%%ﬁﬁ‘ﬁéﬁgﬁﬁ’5@%ﬂ?ﬁﬁ§{ﬁ?%ﬁ€ﬁ$
AL TS B AR AR R R ARG 2 72 A e
4%%R%T&ﬁﬁ§ﬂ#?%Eﬂ%kﬁ%ﬁﬁﬁﬁﬁﬁiﬁﬁ
BE ¥_Well-to-Pump I Pump-to-Wheels % Well-to-Wheels
3’3‘.{’%’}"@}’ 2.7 (4@ 3-3 #7577 ) e

Feedstock Feedstock. ‘ Fuel transportation, Fuel combustion

recovery and —= transportation and —= Fuel production =~ —= storage, and . ; .

processing storage distribution in Vehicle engines

Well-to-Pump — Pump-to-Wheels |

Wheel-to-Wheels |

“PR[7f : Department of Civil and Environmental Engineering, University of California
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2 l"g“ﬁ;{fuel FRE > e dE R i 2 18 > W R R iEAE
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T At FH o GRpE AR LD S <@ F o s RV EESF D
# ( Exxon Mobil Corp. US-XOM )~ £ @5 3 i» 5 *T 2> & (Chevron
Corporation ) ~ & B % i = # ( British-petroleum ) ~ #.4% % > 7 '
7 (Shell Corporation ) % #%& = p 2001 & 4= J jd 30 2 4p B #icdy
#E @ = o GREET #3437 & 47 # D 8 =¥ »r 2 #5350 mmBtu
(million British thermal unit) 2 #x- ¥ g #cE » T 7 4410
PR 2~ i s R FF AR REAERTEENEEAS
150 3T RET AROCH AT B R 0 1997 £ B A ERL
¥ 3% (U.S. Department of Agriculture ) B 452 GREET #-3]: %% &
15 ¢ B8 (Ethanol) ~ &% (Cellulosic)~ & F¥id £ B~ & >
% W% %% (U.S. Environmental Protection Agency ) &7 & it 4= i
# 3t ¥ MOVES ( Motor Vehicle Emission Simulator )§ 5! * GREET
HORELIF P IR A G P o

Calculation Logic for a Given WTP Production
Activity in GREET

>
o~

Energy use by
fuel type and by |
combustion tech.

(Btu/mmBtu of

fuel output)

Energy use by
fuel type (Btu/ |
mmBtu of fuel
output)
EPR[ ¥R Argonne National Laboratory
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Calculation Logic for a Given WTP Transportation
Activity in GREET

r

Energy use by
mode (Btu/ton of
fuel transported)

Y
Energy use by mode|
and by fuel type
(Btu/mmBtu of fuel
transported)

FPR| 3 © Argonne National Laboratory
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GREET WTP Analysis Includes Key Production
and Transportation Activities

WTP Efficiency: Gasoline 80%; Diesel 83% NA NG-based H2 56% nNA NG-based H2 52%
NA NG Recovery nMA NG Recovery
Petroleum Recovery (97%) (97.5%) (97“5%)
o . : (97.5%)
H P P FEE |
Petroleum Transport v Y A
and Storage (99%) MTEE or EtOH NA NG Processing LNG Production (88.0%) I
for Gasoline (97.5%) ]
J LNG Transport via Ocean
Tankers (98.5%)
Petroleum Refining to Gasoline (84.5-86%,
Depending on Oxygenates and NG Transport via o LNG Gasification in
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L
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Transport, Storage, and . :
Distribution of Gasoline (99.5%) G.H2 Compression at Stations (89%
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WPRI IR s BV (United States Department of Energy )
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PEF P BB R Fl Ty i RA RO @ TR
Fevt st ks Wi {edsa 0 & 3 RS fﬁ hf R AL oD
RAHIOF BOMBERLEF RS A T L b f(hydrogen

embrittlement) B 48 - H @ % Z £ T R W %W { E o

3. # 4wk ¥ (vehicle-cycle) 4 7P

GREET -3 ¢ B >+ & §mik ¥ (vehicle -cycle) ez & - 4p
2R R 2 A W BRI FiEAR 0 GREET » #-H &
% 3FFE (40 3-9 #1757 )0 A& W] #_material structure FF X (& 35+
g~ F i Epe B im0 )~ automotive manufacturing Fg £ (@
FEE S FF S KD S hPsEE4E £ ) > automotive -operation FEEL (#

FAARERIPE B gRAR ) -

- - - - 0 " "/ —/ —/ /7 /7 —/ /1
| Raw material melting | Automotive | Automaotive operation
| & producing process | | manufacturing process | | process |
Raw material Raw material | | S . | 1| Automaotive |
. . # Manufacturing |— Assembling i . Recyele
melting producing | | operation |
1

I___—l___

Material Structure Fuel Stucture

Emission

. Factors
Emission , — Emission
Factors GHGs Emissions | Factors

g |

e YR © School of Environment, Tsinghua University

& 3-9 GREET EH#fAHITEFHE
GREET %7 &8 ik 35 % % 6 » 41 GREET2.7 i {7 » &
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Key Input Parameters eve
__— (Vehi_Inputs sheet and Mat_Inputs sheet) (2 sheets)
|
N Material Recovery and Production evel
v (Steel sheet, Plastic sheet, etc.) (24 sheets)
I | —
F=—t--F—————— - --—-- 3}
1 Battery Other Components |
| GRIEET“ 7 }.: (Battery Assembly sheet and (Veh_Comp_Sum sheet): “Level 3 |
t
npu I Battery Sum sheet) I (5 sheets)
1 . . | R
1 Fluids Vehicle Assembly |
T (Vehi_Fluids sheet) (Vehi_ADR sheet) 1
| i Ry iy a1} |1
¥
Vehicle-Cycle Results eve
(Veh_Sum sheet) (1 sheet)
Total Energy-Cycle Results eve
(TEC_Results and TEC_Graphs sheets) j2sheats)

] $ ¥ © Argonne National Laboratory
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PR 4 gton &7 0 H :@ BB B H L TE R

GREET %L 1% #p 2_ #icdy i& Bfd £ R T RS &
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PR 4 7F ¢ Argonne National Laboratory

[B 3-11 GREET2.7 BH#W;EHA 17742

— ¥ 4~ 47 B 3-10> GREET2.7 7 % f ik yp & §m7 44225 3¢
T E@ﬁé’}g‘iﬁﬁ roo VUFE RS A AT ORAR 0 Aol B 2B P g
(internal combustion engine vehicle, ICEV )~ j# & & & # §& (hybrid
electric vehicle, HEV ) ~ %41 % i # 4% (fuel cell vehicle, FCV) % >

1935 2 #4647 » GREET2.7 %57 I s sale & (dodk 3-1 #77 )o
blheih TR S BARE PO TS 2 e e & R 8 8 iE (Traction
motor) > B B fRAIE S ko B TR LD ﬂ;ﬁsfjﬁm e
# (Generator) 13 # 5 FRET 4 - BT » 2 fwpfI» 2o
T e ks (fuel cell auxiliary system) #3805 E# BT 4 o
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7 3-1 BRI

ICEV HEV FCV

Body system i L L
Powertrain system ) ) °
Transmission system ° ° °
Chassis system ° ° °
Traction motor ° °
Generator °

Electronic controller ) °
Fuel cell auxiliary system °
Batteries ° ° °
Fluids (excluding fuel ) ° ° °

PR FVFi © Argonne National Laboratory
GREET2.7 % - %r?éyﬁﬁﬁﬁﬁﬁxeﬁaiﬁézﬁ VEHI_INPUT
SHEET £ MAT INPUTS SHEET > VEHI INPUT SHEET ¥ ¢ 3 #
IRAAE  PIRRE AN E TR AN S TEERIE EE
PR EIFR S R F T RGF REFAPMAE
brd §mE § 0 GREET2.7 383K 4v# 3-2 %71 » 4 3-2 ¢ LW %4y
EELI I B e FHEIFRERFHFULHF R 2R o
#< 3-2 GREET2.7 EHpEHATEEY ENE £

ICEV HEV FCV LWICEV | LWHEV | LW FCV
ZE 3,330 2,810 3,020 1,970 2,000 2,280
¥ $ ¥ © Argonne National Laboratory
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(C.IRON) ~ 4% (Aluminum ) ~ 4% (Copper) ~ 44 ( Magnesium )
&g v (PLASTICS )~ #3355 = 24 fER 444 > £ 3
ﬁéﬁ%ﬁﬂiﬁ@wwﬁﬁ33%ﬁo

#@
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< 3-3 GREET2.7 HipEFRE MM EER At
ICEV | HEV | FCV LW LW LW
ICEV | HEV | FCV
Steel 61.7 30.5 65.2 30.9 56.4 21.4
Stainless steel 0.0 1.1 0.0 0.7 0.0 0.0
Cast iron 11.1 4.2 6.0 3.7 1.8 2.6
Wrought aluminum 2.2 6.9 1.8 6.3 5.9 10.3
Cast aluminum 4.7 14.7 5.1 14.1 3.2 11.2
Copper/brass 1.9 3.2 4.3 5.4 4.8 5.5
Magnesium 0.02 0.4 0.02 0.4 0.02 0.3
Glass 2.9 3.0 2.9 3.0 2.6 2.8
Average plastic 11.2 14.0 10.6 12.6 10.2 11.7
Rubber 24 2.6 1.9 2.0 1.8 1.8
CFRP" 0.0 15.1 0.0 16.0 10.0 26.4
GFRP® 0.0 2.3 0.0 2.4 0.0 23
Nickel 0.0 0.0 0.0 0.0 0.1 0.1
PFSA® 0.0 0.0 0.0 0.0 0.4 0.4
Carbon paper 0.0 0.0 0.0 0.0 0.4 0.4
PTFE’ 0.0 0.0 0.0 0.0 0.1 0.1
Carbon and PFSA
. 0.0 0.0 0.0 0.0 0.05 0.05
suspension
Platinum 0.0005 | 0.0009 | 0.0003 | 0.0004 | 0.007 | 0.007
Others 1.9 2.2 2.2 2.5 2.2 2.5

] $ ¥ ¢ Argonne National Laboratory

Bl ’g“)* )%m %E"EJ A1203

1E.r1,§ og

}i

LfEHR G * b ) & GREET2.7 304 B 403 2 Bl » 1
485 B0 d B PFRAL2 484 1 (bauxite) A2
4r3% 3 >t NaOH ki3 i @

#WM = AI(OH )3 B 18

&3l Bayer /& #-
QL;EL s 1 ﬂ%—;i v [\12()3 =i

pt ¥R 4 > GREET2.7

FEX @ 5 250°C » £ 1 * Hall-Heroult Process » % 7 i £ iF 42 -

t 940~960°C ¥ + #- 60-350KA th% i T il Ak 8 » & T F2H ¢
¥ fLﬁvibﬁﬁ#nuﬁﬂi RS ARG 4RO § AL LN

GREET2.7 5§ 3 & % 960°C » 7= % v 3 & 65,843mmBtu it > (&
T M‘; MEAIRAE T EE o I B GREET2.7 7 7 4 448 %
/Iﬁzp’%ffwﬁf,%’ (I S Al 8 E i SR TR U e
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GREET2.7 48 B SF 2% B 4e 4 3-4 %577 o
#< 3-4 GREET2.7 EémAHATAEY AR MFEBEREL

Alumina Reverb
Bauxite Reduction Scrap Melting and
Refining (Hall- Preparation Ingot Casting Sheet
Bauxite (Bayer Heroult (recycled (recyeled Al Melting Production
Process Mining process) process) wrought Al)  wrought Al)  and Casting and Rolling Stamping
Energy use
(mmBtu/ton of
material produect) 0.563 9.527 65.843 0.623 0.500 4.146 8.344 5.453
Fuel share (%)
Residual oil 0.3 17.2 29 2.8 5.4
Diesel 100 62.1
NG 894 4.6 95.6 91.7 67.2 79
Coal 3.7 5.9
Electricity 6.6 723 37.9 1.5 5.5 27.4 21

=R F 75 * Argonne National Laboratory

- #H$FH4 3-45 GREET2.7 ~# @A L bR g 20 £
(e A s RARF B s mo RN R ) B KRR GREET2.7
WIRAFER B d £ ® Argonne B RF & F AL 8 E WM AR
¢ (American Society for Testing and Materials » ASTM International )
ek in2 ficdy o @Y —Jﬁ? ERALIEEELITR T

GREET2.7 i * - 3% FFIE K S-Hcit (7 i e ﬁx
$ 4B B N > GREET2.7 #-2 e 11 & k&
20540 )0 R E T BRI “"ﬁ%fe’%f&f?‘ ‘i”éﬂ
DR d l? #> % ¥t ( Transmission system ) » i& *
@ # ffu:a‘_ L) Hn" @& GREET2.7 j § 1345474 »
3-2~% 355 2bF 3 i o

)

A eSS

7~
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< 3-5 GREET2.7 S i:A AR 20 1 B EE RIFAHM S B

Component Conventional Lightweight Source (s)
Powertrain 99.985% steel 99.985% steel Cuenca 2005 and
(Cont.) Exhaust 0.015% platinum  0.015% platinum our assumptions
Powertrain 59% plastic 59% plastic Dismantling
electrical 41% copper 41% copper reports
Emission control 59% plastic 59% plastic Dismantling
electronics 41% copper 41% copper reports
Weld blanks and ) )
Dismantling
fasteners
: 100% steel 100% wrought Al reports and our
( powertrain to ;
body ) assumptions
30% steel 30% steel
o 30% wrought Al 30% wrought Al )
Transmission i Muir 2005 and our
30% cast iron 30% cast Al )
(ICEV) ) ] assumptions
5% plastic 5% plastic
5% rubber 5% rubber
60.5% steel 60.5% steel
o 20% wrought Al 20% wrought Al ) )
Transmission 19% 19% copper Dismantling
copper
(HEV/FCV) ° Coppe ° COPPe reports
0.3% organic 0.3% organic
0.2% plastic 0.2% plastic
74 % JR © Argonne National Laboratory
AT B RS k3> @ o GREET2.7 % %edg i 3 7};@_ PR
# o ¢ 34T # (Lead Acid Battery, Pb_Ac) ~ 442 7.7 (nickel

metal hydride, NIMH ) ~ 427 » (Lithium—ion, Li-ion) % 3 f& (4v
% 3-6 751 ) » & JE3 B 7] GREET2.7 % Sidf RFpK B 5 — 41427

W@ ozbp E,% LR 1@;&@%«@_* (LlFePO4) B ARk AT R
# (LiMnyO,) > %12 GREET2.7 fi-#tps » & A EH m & 2 4 o
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< 3-6 GREET2.7 ;B R #RTRR Et a2

Battery Pb-Ac Ni-MH Li-Ion Sources
69% lead 28.2% nickel 24.5% copper Argonne
14.1% water ~ 23.7% steel 18.6% wrought Al National
7.9% sulfuric ~ 22.5% plastic 10.9% plastics Laboratory et
acid 12% iron 10.6% al. 1998,
6.1% plastic 6.3% rare earth  graphite/carbon dismantling
2.1% metals 10.6% cast Al reports,
fiberglass 3.9% copper 8.7% electrolyte Nelson 2005,
0.8% other 1.8% cobalt 5.3%]ithium oxide and our

1% magnesium  2.7% cobalt assumptions
0.5% wrought 2.6% nickel
Al 2.5% manganese
0.1% rubber 2.1% binder
0.5% thermal
insulation

0.3% electronic parts

0.2% steel
7oL kR © Argonne National Laboratory
FobhieF R §ms A5 P GREET2.7 & 5t € 1345 97K
T2 BRERIAEFEERD & e D s DB g

G E 2 AR E 0 1 GREET27 A SR 5 B> p 2482 s
4,000 # 2 T 4 8.5 Bl ~ & 40,000 F L { 4 24 BiL frig ~ F
10,000 #2 F { # 22 2 0% 7 TH2 T4 E TR

100,000 #2 (4§ 7 )~ 150,000 e (@_?,‘;é ) i HE §

MOVES ( MOtor Vehicle Emission Simulator ) &_% B i% % & ﬁga]
BTF r‘-}’?ﬁ %23 (EPA's Office of Transportation and Air Quality,
OTAQ) p 2001 # o i{s B4nF = B E - K125 L ki
om0 FRBEEE S A2009 £ 12 * ;87 # MOVES $#-3¢
A * 5 E5 MOBILE #5% » & 5 2 KR8 P8R 2 02 TN o
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KRN3R Ao A BT (R AR At T3 2013
# {6 % 2785 MOBILE #&3% o d »* MOVES ficib e @3 2 A %
IR Z S AT BT g 3R MOVES H05¢ enge 4 b 4 B o $n
ARG S ot £ 4R (A5 2011)
T wp MOVES 4 B shd ~ 5384 d P FEE TS 50
FREBEZE (A9752010) EARFE S » (29752011) % -
1. 3B % d
Mobile6.2 #_% ¥k %% f:zdtk 5 MOVES fic;t v - 30¥
2 HE38 o of 0 deiteh (4R EMFAC2007 » 515 4o 42 038
A RER BAPFRI FSTE ) BB YR B R R
2.7 F & ikt 4 (State Implementation Plan, SIP) ¥ 7k i
2 i - R A 7 (EPA submissions & transportation conformity
analysis ) % F# P Mobile6.2 2. ~ 5425 » 1 it { & B 2R iy
BATBAZ GEE o FIHE G Ak > FRBEFEFEDE S 0
TLATIEHGS T B S R RS R TR LY 0 @ 5T 1992
£ OB 2. Mobiled 1 #25% 5 A#H D £ RPN B3TF 72
g 0 v ig A 2 5 Mobile-Taiwan 42.5% (Mobile-Taiwanl1.0,
MTRAMTL) TR #8052 RDRBHEE S o R R E R
% %% 2001 & 93F 2 (EPA's New Generation Mobile Source
Emissions Model: Initial Proposal and Issues ) ¥f Mobile #-3" 7 3%
i o AT R T o g v B FTHCY KB~ Mobile -
(1)Mobile & % # 12 Fortran #25;V 458 » BE { ATAR KA FEL o @ o
A TReg R4 jlg\ A LA B e 0 B AT R
AR AXF o EEL S Y
(2)Mobile m#”{?“%f'— EANFRETN G AAD RRZ R
78 A KB B @ AL PSR B R R TR
PR o T E Ko d NBPRFED TR F R BE P
# P % % (Portable Emissions Measurement Systems, PEMS ) £ #
2 {8017 bRy RO IRT PR REREWE > AW
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7 kot > Mobile T L% 0 A 4R 278 558 > M
e TS R o
G) TS > o i FCRTF 0 AT R RS ATRE RS
At > A @ TREDR A S o ERBRFEFH LS H
TR SRE (datadriven) sPH;N 0 - 2 oG BNy H 0 B TR TR
V-2 G PRERETRT S LR RRIE ST BT S
ﬁﬁﬂ’Q?i&g%ﬁﬁvﬁgw

FEF pb i FTRE EI%;}% P § g B e

fo B2 0k 4% E pEag
EFonbFLR e TP BRI - FAPFTERETFH
S~ > e Mobile F] 5 A28t £ o34 s 2 2 P 5 X!
RS Z R
(6)# ** Mobile &5 # B 3 gl > 7 s Lt * 5 h o & B E g
W (B F TR R A L 8 A HEE -
ANEREFEL EFRBRFFEFTFIFSFEEN P 23
B E o MRPIRA R S ER A R
PR 2 & B bz g an 38 (VSP Mode Approach) » {6 &k 5 R i% ¥
w2 4vig it 18 (VSP Bin Approach ) #% > = 5 #4811 e MOVES
LA
2. MOVES #i-3\ 4 4
& k3w > MOVES § ™ & 3 Bh4F ¢
(1)MOVES & - i Tk R & 1250

(5)Mobile & Ap » B2z fm~ £3] 2 2 2

F

M
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B S u&?“*%f@%&ﬁ%&wﬁ’&NMW$

SRR BT F RS F AR A2 o WS L R e
% 3-7 -
= 3-7 BESMEXRENETIEE LT
LRSS R TR IS

( Parametric Equations ) ( Bin Approach )

LN TR SR 3 LA
AARIES |2 REESRELTN | R .
N Tl
Wy | S R g | R AT
g T 3?: S TR e B ”5 ” ?nu:‘; %;@3;;;;3, i

QAR BrEft > @i HEE

d LagsR (bin) p
SRS AR S S
N 2 FNAE B AT SR NE Lk SAR /f}ﬁw‘%ﬁ#‘ P -
e 36 R 3 4r o %7#@:&§9%’w
FROMF R DA S F
RFEREZGE G E
i
1353 & %&%ﬁﬁ%ﬁﬁﬁi%-?#ﬁ»ﬁgﬁywﬁg

s g BB AT

2 AR AR A ABg o 2 203

Ly
PRI TR ¢ SRR - RSV TSR (i gﬁ@?cj,;;gal%% :
2010 &+ -

~ B PR R F EHSY > MOVES HOY 352 § 8 o erdie
aFo ﬂﬂt? HEH A T T $REEA o AT
BRGNS B F R ol QAR EI P BFRY o Aol
PRl b g Rl BT LI LN
(bin) N enF ARG 2 > TAARISDE > T4x7 » T
AT o o plvh > BT O H R S e PR gk T P

.
RN TS AR R R 2 AR o J BTG W F #AT

g\x‘i

|

/B-\-
I3
S
|
$k
]
L
5
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TR THE QT EILATOD o g * TR R
Flsd fppirkE g R 0§ d AR FT 0 F BILF o
QMOVES 3l »# F R R iT: AREEE > o
MOVES 3 L B A % > ﬂf T D RN E TS e s
S Eped Bl E RN SR~ SR A S
&fjﬁiﬁiﬁf‘fb?’”\ 171638 I B B B enF]F o
“73) # & % & (Vehicle Specific Power, VSP)» &4p 2 ¥ i+
& F s 5 ﬁ‘i;-] T BT 0 BRI 54§ W CO & AL
FH oA RSB RAE R FRATE LIRDEERIES IR
PR FEFEROME P A EH FRAE S S
LaBgma L a P iaai kA E gtk AERARFFAE o F
Dr. Edward Nam 3 % Rk % ¥ 7t a7 7 38 2 ¢ (Proof of
Concept Investigation for the Physical Emission Rate Estimator
(PERE) to be Used in MOVES, EPA420-R-03-005, February
2003) F Fimep it o gt th o A F BRIV 2 A BT P AR L
(Methodology For Developing Modal Emission Rates For EPA's
Multi-Scale Motor Vehicle & Equipment Emission System,
EPA420-R-02-027, August 31,2002 ) #+3% VSP 22 ¢ 4£ 2 3x 5 chff
WG PP o 0 227 MOVES #55% era2 o A o
AV T B IR R AR ﬁp’? (Hierarchical Tree-Based
Regression, HTBR) #4772 2 k-2 a3 LA @EF) 5 9P S
W R AP M PR 0 F 5 A AT M AT R R RPR A PR A
or b T Gl R Rl I N el SR
BRZEN RS - RELBAH D SR LR R
(deviance ) > m B »>* R iFo B HI L IERF L B2 B
RPEROERI AR A EE - e el Y
e T g o
VLR kA R R B RN (il L 8 S
B)AAEARN > Ao EA Y DR E IR
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EER BRI R - REH F AR E S~ HTBR &
ﬁﬁéﬁg%ﬁ,an%{w—ﬁgwﬁﬁﬁ,wm$$W%ﬁ
AR BFIE S AP B A ST R -

(3)MOVES ¥ if * >t E B~ 7 B TG

FER G IR

& 2 vy L2
3@1:{3}

-}‘\
P
>a
i
«

%ku%’MwM§A%%ﬁnQ{ﬁ*ﬁ%’ﬁéiﬁ?
fpamitid s g R Eocg 0 7 FHER D ¥ ov R o
%o Fom B e Lo { F eh2c g o MOVES %2 8- 1§

RIFHRR BN RE2Z P P B FRITRERE QR AEL

BB ARG o

3. R FEET
(1) 424 %
MOVES #3xc & et 8 2 3|7 5] 3 54 e 58
© ik (2 4R)
A BaEEEAl DA 313 AR RiEL G R AR R . <

';‘F—..g’ = J‘}‘:‘;mln\ o

B. @ iﬁi 'flp;}&kv‘g;;]ér ]"} . ;,f’gzrﬂ:)- & jj Jhl_gc l)v (model year
B AL/ R P e S5 N A ) Rl B e # iﬁiélﬁﬁf{?ﬂ?‘
& :é: > /:f':l,J_fgj‘E_‘_ s 1) & ® iﬁii@ ?' Y J

C é:-._" "ﬁ E’ﬁ?l?;}i/fh‘bk’ ’;11 ;}i T e %[g *3“;_,]] P\)\ﬁ,
Hp 3 B engTHT > Gldos | BN N LR e B Rl
sp\)\;ﬁ:g}aﬁ\g;?g‘;@@i% Y

@ ##

LRI EE RS LN T R L I
(model year ) fr# & (age) (@58 F 2 2 #enig * 3% B
A o FJpt > MOVES $:* B #faie 4t % » R AL 7 & :3
BT A~5 E 6~T & ~8~9 E ~ 10~14 £ ~ 15~19 &
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20 E& b oo B s AR CO B BRC]
3 R F WP R o
® F®A
FE Y A Efe VSPo R R4 23 iRk
( Operating Mode Bins, opModes > % %L B 3-12 » "% 7 % ;& f ¢F
RIS B REZRE) o F R ATET EE R
opModes ~ #E+ Jg VSP e F] & 7 F g 0 A fe
e P RARCRG EREFZERI R LA EDLE o
# o~ opModes 24 7 4L 5 MOVES 7 W|>tH @ 58 e 24 &
B ,‘fg,"z % m7 Mobile6 ¥ it 5 2 ijr%f% 78 A By Pk R en
L o B LIV R ARG *}J’WE 39 (% §1 38 * opModes
PR ERPRERETLED AN RO T o TwiF
2 4] i (/z<iE'J€$f? AT RFERGRALE )BT AL
= opModes 2 & o FF > opModes » # MOVES # 11 & &
R K frf;;;a: s ErE Eehpt e I PERY L A H
AARRE g/FRET )

Speed Class (mph)
1-25 25-50 50+  prrrg

Jra

cke

™

4\ o
5

o

s

-
A

/\{Eﬂ(’l\r
s
(«0

30 + 16 30 40 One mode each for idle
. 27-30 (Bn 0),
E 24-27 29 39 mn'.l deceleration/braking
S 21-24 28 g (BuD
g 18-21 Gives a total of
x 15-18 37 23 opModes
ﬁ 12-15 27
—= 9-72 15 25
O 6-9 14 24 35
& 3-6 13 23
0-3 12 22 33
<0 11 21

Et 25mph=40kph; 50mph=80kph °
= %Y : Byun, John (Joonho) , 2007.

[ 3-12 MOVES Z 1TEARRE 53 #H
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Q) FHE
wﬁﬁﬁﬂ’ﬁi%%‘%ﬁ ﬁﬂ’ﬁﬁﬁﬂ i T
4] 3-13 o
@ ﬁi%J »
@‘l TAHLEF 33 0 WP AT o
A. fo#£/# 2% T4 (Energy & Emission Data)
HE A RS R F TR A TR KR 7R %
FBATE D fRen P Tl A R TR Y R R
* %r wEHHDIM FTHRE
il (Fleet & Activities Data )

W R BE NG E R AN P B AN B
FREsraE a2l FoxE F ks (Highway
Performance Monitoring System )’ 3% % SL¥ & 5 11T 43R4 ¢

a. UM SBLE A B CE TR 0 T ARFL R RO
MR R SRR R B R R s R
NSRRI M T

b. > B ® **x {7# & (National Household Travel Survey,
NHTS » 2 ff 2 National Personal Transportation
Survey) - EIRFTFE IR 57T E W - X2 BMEH A 0 R
%ﬁ“ﬁiﬁiﬁ”‘ N \‘z’iiﬁ;‘,,g’ﬂ sEEX Py RBE NIFE S F
FERNZHE A FHE M EETAA S

L B g%%w* RSP

Fles SRR FELEE 2

A RS H CBREFE O UZE %E’i\ﬁ—t—t °
d. HPMS #£ i- 5 B B gmig * T8 B E > 12 A Kig
BRAE S B AR 0 R E LA @ iR > E_MOVES & &
EhFREZ - o
C. § B &7 (Met & Fuel Data)

IR

(=
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@ 1*% f'?
% MOVES

F 5 A
%m;ﬂ\@%%

Jk——

%») ey 1 P%fr#gﬁ‘tg

[

- -
— ——— L‘\_ . -
Fleat & Met &
Activity Fuel Data
_H__Data o .
x"'"'x- l T l
Total Activity Operating Mode Source Bin Met & Fuel
Generator Distribution Generator Distribution Generator Generators
Total Operating Mode Source Bin Met & Fuel
Activity Distribution Distribution Inputs
o " J,
— Total Emissions process source typs =
Enussion v L . .
Rate [ *| (& EmissionRate ... nn X Activity ) X Adjustments ..
Darabase / |
e §¥5 * Byun, John (Joonho) , 2007

3-13 MOVES s ABHE Z B~ =
4. %%‘L
(1) * ‘?’iﬁﬁ
MOVES i * ¢ 3 a4l » & i35 5 (B it e 47> blde
® i%:i8 Arizona % @ 4| & (I/M Program ) » % & 1990 & % 3] 2000
Fimd 2 T FIETHRTETD fR2 T
@ Kansas # 500 ;778 Z f @ 0 7 fRA M B HPM )

T 2n 4tk 2L
£ A7 83T
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® 4004wt * ¢ RPED o T EEY AET 2 A
@ MOVES MA+ehig * ¢ B dng ks Adf > {F 5404 3
AR EX A EE AN B Y e
(2) B 75 F LR %8 4
&% MySQL B B F AL &k se 2 4 > i B AR % T 1nig
B TR B T L AT WL 9 B BATA 45 Sl o
MySQL % MOVES #f3 #infi i > 7 1R @ * @ {13 FpF s
BV ATFREN F 0 S I E {3 i B Sl (doftax
F)som EORR U ARG PR TOR LATIE o B 0 &
WL FRERF @Y FFRATE L~ F DT
Lo T R TR A T oo
B)E AR
MOVES % 7 & & 2R FI2 54 B4 6 2 KPR 4 2
0 PR LM mde Bl RS AR P R i
SR THRERSAERGAHG T TR R L E
353?],3% ML i A B ERARR o MEE - Y B MR L B
O ERds T HFFAL & 2K G E > MOVES it #4341 & &2 98 7R
£ s P g gAY
@ ¢ s 4740 [ BB (roadway link ) 2% 38 fﬁ%’,‘]“\%s“‘,_‘;“ﬂi%]:",
2 B L H o R e RIS R
Q@ ML AT FD RIGE* AT i e A
PR ARG R BT 2B o
ST p e MOVES #2232 50 1 (#h4c A 4
Bk PR LA ) 3,222 % (1999 £ Ak IR o
TR o A o R E3E 1990 ~ 1999~2050 % # #icdf 5 H ¢
ML VA REY ARSI R 24 ] pF o
. MOVES #-3% & k3 B
MOVES ;¢ g+ @ ;tféi Bl T A D g B R TR
PUBRR L S g VSP b B G BB E R 8 o KA
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MOVES i B pHh > 70 &3 Rd sed i Fehic £ 2 275
TR S BLETFS ﬁ—‘?ﬁﬂk%}l}(ﬁxél':'mﬁ-g o Tt o i@
ﬁ%lﬁﬁ % % B ¢ (Transportation Research Board ) #13t & & ehgf & -

w3 Tk &

(D&icp ~ ¥ BLE ERIEHF & P MOVES 2 gl id fitiE
P E BT R F P L A e d imehd il Bk
T BEEIRERX W FRFERIRGRMET o B W
BB P ehiE 5k o

Q#FFZ 2 A AT D2 e AP TR - FERY A
TR R FRR RO R NE R DR E LG

(3) & ¥ FTR b o i AL B B R R~ KA 9
SR T LS S TSk S
(4) sAppt iRt (PM) 2 6 > d 0k MOBILE % 3FR]dc 4
& MOVES &* * & &2 0% R a4l B A kidn2 €

fgé:,o
G)FHEFRAETHEELZE -

3.3 /i

AFOTA R B ima R E R F WM GEE 1 & GREET 2
MOVES $2d 2 RT3 B » P a3 5 R 732% LM AT o
SEEEBR AR ATIERIE o GREET HAV £ 4EB 2 fne
PR A B2 AR AL S AR EF A 470 MOVES R A% b
G R*YIFEZFERE R T EAFL B GFEDREEFRF
3t £ % 0 GREET 2718 AP M & 47 o
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4.1 BBIFLANEEE e BEIESE
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N

4.1.1 LT EERE

SLERE ER T PR SR LT N S
JS

BRIt Ra g AEE U T R v ERA DR
kg o @F AL H P - ]I e ST %ﬂW¥*~J£§$§
%Mﬁk,%ﬁ iih N EA s

(AR A = s - B 3
FPHPFR T A G PFE N TLARP AL EE L S
ﬂﬁﬁﬁ%ﬁﬁiiﬁﬁﬁﬁ?%lio

B — _q. oy B end ﬁiﬁﬂb i /}J LR *} PRz i1 E—
GREET % MOVES fic;¢ » 2 ¢ MOVES * >Mafs @ * F 25 4k
ﬁﬁ’ﬁGMETﬁﬁ?ﬁﬁﬁﬁﬁ%ﬁ%#4Aiﬂ&ﬁ%ﬁﬁﬁ
AR F AT o A GREET #5587 » ¢ &4 L i hit * B dmid
2 RESG TG CHY L F T AT AR
ﬁ%ﬁﬁOGMETﬁﬁ%W%Eﬁﬁi@ﬁﬂgﬁbﬁﬂ,Ak%
Fyteblend HiF e 7 4 47 0 T Well-to-pump F#F 0 & (8 EERE 4 4
FPAREREPRE R T AN L OB R Y KA T
%%m»W%a’*“*”ﬁfﬁﬁ*&h*imﬁw’%W‘ "
B o SR Atk > AR Y 0 GREET #1558 185 2 3 A 454 4 /]
B2 AFH AT S F PEPORER L .

wﬁﬁmﬁﬁ¢pﬁiwﬁwr%ﬁﬁﬁﬂﬁﬁm%ﬁ

4 EFHFTEEF EH
P rFEL P FRARER R RS LR R @t
AFET B e RO R SR G o BB B BT AT
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PLdR o

412 XEE2HEFHESE

AFT o ﬂfw GREET@_—\;}*:}A[‘]%AM/J, | *Z"f“ e ]
LEnd 3P FEETFEER A S R REE

GREET2.7 #5584 45 » 2241k #p 0] 35 i GREET1.8c #-5% 4 47 o

w55 4p ﬁkﬁ‘d iR RS 1R s - AL AR TS HERA
193 iR @Y b dm o BiE A P RRKE R 7R A R
Bl P EN AR AR Bdmai 422 B R F M
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# %H\)a GREET2.7(2 5 8 058 )2 32 B & & i (73747 -
PRl Hp VR %
J€_GREET1.8¢c #ic3V 2. » 457 7 3| & #4.2 §% well-to-wheel .
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BV EH AR D F PR E AN B T
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i 40 0 3 1 3 20 0
B 40 2 7.5 2 4 20 0
AR BRI (%)
I | B | S FrEvmgam | fho R i | RS | R
T e6.7% 66.7% 66.7% 66.7% 66.7% 0.0% 66.7%
F41 | 90.0% 66.7% 66.7% 60.0% 66.7% 0.0% 66.7%
VB L EVET R (5)
SIFE | O | AREn | PR | )R A | R | R
R 8.5 0 2.0 24.0 23.0 6.0 30.0
£ 8.5 1 2.0 16.0 23.0 6.0 30.0
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LTI
= éit %‘FBFEEP :L [ﬁ[(z/lz)
PR ]
VOLKSWAGEN GOLF
VOLKSWAGEN [ | T\’s’?'\'/\'fﬁ"’_'vﬁiingiLcFKz'o PLUS 2.0 TDI WITH
HATCHBACK
B gl 1,984 c.c. 1,968 c.c.
PR F IEIEE6 i (AB) F | EIEHH 61 (AB)
Y 1,514 (kg) 1,605 (kg)
B 9.9 (kml) 9.9 (kml)
W 13.1 (km/l) 16.9 (km/l)
T Tl Beape 10.00 (km/l) 14.08 (km/l)
@Wg';ﬂlm)fﬁ“ 16.95 (km/l) 20.41 (km/l)
i) [T R (F)
Iz TE'F%E}?* iﬁ«[%ﬁi‘?%ﬁﬁﬁﬁ TR B T
Gt F
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e MONDEO TURBO MONDEO TDCI TURBO
HAA CD345-8T (NEDC) CD345-4T (NEDC)
Bkl 1,999 c.c. 1,997 c.c.
PR 1 RIS (AB) |6 H(AB)
2HHE 1,709 (kg) 1,720 (kg)
FefEARYE 9.9 (km/l) 9.9 (km/l)
WEE 11.8 (km/l) 16.0 (km/l)
THEE T 3 8.89 (kml/l) 13.27 (km/l)
?Egﬁ(?'gmm‘) 15.35 (km/l) 19.25 (km/l)
e (F) [ HFEE(F)
IR R RS s IR B T
SN KA
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B S ] A -3
Akl 6N (NEDS) CIOT-N (NEDC)
B gl 1,999 c.c. 1,997 c.c.
PR [ IFE2HTAf(A4) [ IFEHH61i(AB)
2HHE 1,439 (kg) 1,526 (kg)
i 9.9 (km/l) 9.9 (km/l)
WS 11.6 (km/l) 15.7 (km/l)
T B 8.50 (km/l) 12.29 (km/l)
fﬁqg(ﬂ:‘ﬂﬂﬁ) 15.46 (km/l) 19.77 (kmil)
[ #priRE(F) IR (F)
B - z[n R R ETES
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fEVF L 7 R I S
L AR L
W |YSheAet SO0 |pus 2o ol
HATCHBACK
=2 HH (i) 3,338 3,364
Ff T i
E'i—w &+ + #1 MONDEO &+ #1 MONDEO TDCI
TURBO CD345-8T TURBO CD345-4T
3511 E1(7) 3,768 3,792
ﬁll‘}'J ?E’ﬁ - #[1 FOCUS C307- &+ 71 FOCUS TDCI
TURBO C307-9N
5511 (7) 3,172 3,364

33

P~ SRR ST ]ﬁﬁiﬁﬁui’ﬁiﬂ?‘%m% REPHTR TSR

s
LN PR

Jéﬁ{ﬁh

AN - N e = e

st

st

[ﬁ[ (6/12)

fi R = A e | S
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I |YShece cOLE2 pLus 20TorwiT
HATCHBACK
SRR (kmiL) 13.1 16.9
L Ihal %
EIL‘JJ t&+H; -+ Al MONDEO f&+5 -+ #1 MONDEO TDCI
TURBO CD345-8T TURBO CD345-4T
SRR (kmiL) 11.8 16.0
{EIIE'J ?Eﬁ"‘f\ #1 FOCUS C307- &4 -+ A FOCUS TDCI
6N TURBO C307-9N
SR (kmiL) 11.6 15.7
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YR E T e PRI | S
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{EII?;'J VOLKSWAGEN GOLF 2.0 \Ffftgszvgér%wvﬁaw
il )
TSI WITH HATCHBACK HATCHBACK
CO, 3 5t (kglkm) 0.1725 0.1544
I i
Y #4171 MONDEO TURBO | % 71 MONDEO TDCI
‘EI al CD345-8T TURBO CD345-4T
CO,#H3 t (kglkm) 0.1915 0.1631
. “&Hi - A1 FOCUS TDCI
bl =3 = -
EEY #4711 FOCUS C307-6N | T o Fon ol
CO,#H73 t (kglkm) 0.1948 0.1662
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ESES %“?E‘FEF pr=

* Well-to-PumplH 1 S,

%“E‘F’COZFEW

RRLY EURI B

PR~ AR E I (Well-to -Pump)

R (3 mmBUAH %)
R (Btu) COZHT( 1)
el 249,184 18,008
3 195,082 16,482
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5 2B (B) ¢ B 2 EICOPHI( ) f1E%)
ikl Jﬂjr[ B ] AN
il ropgE | i RS fiit fopR | Lﬁ, i
GOLF 2.0 TSI fop 138 487 2507 3132 4.4% 15.5% 80.1%
WITH il
HATCHBACK Cco#HY 10 35 178 223 4.5% 15.7% 79.8%
GOLF PLUS R 107 273 1945 2325 4.6% 11.7% 83.7%
20 TDIWITH | 553
HATCHBACK Cco,#HY 11 21 147 179 5.9% 12.0% 82.1%
MONDEO o 153 540 2778 3470 4.4% 15.5% 80.1%
TURBO Sl
CD345-8T Co, T 1 39 197 247 4.5% 15.7% 79.8%
MONDEO fop 113 288 2054 2454 4.6% 11.7% 83.7%
TDCITURBO | =5
CD345-4T Cco#HY 1 23 155 189 5.9% 12.0% 82.1%
FOCUS C307- e 155 549 2829 3533 4.4% 15.5% 80.1%
il
6N F COHHY 11 40 201 252 4.5% 15.7% 79.8%
FOCUS TDCI fo# 115 293 2093 2501 4.6% 11.7% 83.7%
TURBO C307- | 5
oN Co, T 1 23 158 193 5.9% 12.0% 82.1%
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GOLE 2.0 TSI e 625 513 2507 3650 | 17.1% | 14.1% | 68.7%
WITH et co,

HATCHBACK vl 45 40 178 263 171% | 152% | 67.7%

GOLF PLUS iR 379 516 1945 2845 13.3% 18.1% 68.4%
20TDIWITH | 55 [ co,

HATCHBACK VEW' 32 40 147 219 14.6% 18.3% 67.1%

MONDEO 55 692 555 2778 4030 | 17.2% | 13.8% | 68.9%
TURBO i Moo,

CD345-8T }*HM 50 43 197 290 17.2% 14.8% 67.9%

MONDEO o 401 557 2054 3017 | 13.3% | 185% | 68.1%
TDCI TURBO | 5311 [~ o,

CD345-4T VEW' 34 43 155 232 14.7% 18.5% 66.8%

FOCUS i 705 497 2829 4036 | 175% | 12.3% | 70.1%

Fah
C307-6N i e 51 38 201 290 176% | 131% | 69.3%
FOCUS TDCI i 408 516 2093 3022 | 135% | 17.1% | 69.3%
TURBO sl co 38
o207 .00 2 24 40 158 233 14 6% 17.2% 67 894
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GOLF 2.0 TSI e 513 2507 3020 17.0% 83.0%
WITH F

HATCHBACK CO,#HY 40 178 218 18.3% 81.7%

GOLF PLUS 2.0 (2 516 1945 2461 21.0% 79.0%
TDI WITH gy

HATCHBACK o 40 147 187 21.4% 78.6%

MONDEO TURBO . - 555 2778 3333 16.7% 83.3%
Fp

CD345-8T CO, Y 43 197 240 17.9% 82.1%

MONDEO TDCI . (2 557 2054 2611 21.3% 78.7%
- S

TURBO CD345-4T oY 43 155 198 21.7% 78.3%

B i 497 2829 3326 14.9% 85.1%
FOCUS C307-6N Tl

oY 38 201 239 15.9% 84.1%

FOCUS TDCI » e 516 2093 2609 19.8% 80.2%
. I

TURBO C307-9N F o, 40 158 198 20.2% 79.8%
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o HIFET mlpé“g& / —J H"#ﬁv 152 % IEAFH
EIfiZ#(Btu) 5 .
7 5 57 ‘ngﬂj’\’( in) Fireo)
= K SO o s oy
. ;fﬁj?}, miel | Wi | me | R FAIBIA | e | e

GOLF 2.0 e 354 77 22 60 513 | 69.0% 15.1% 4.2% 11.8%
TSIWITH 3%
HATCHEA Wl coppr | 27 6 2 4 40 68.6% 16.0% 4.4% 11.0%
GOLF o 357 77 22 60 516 | 69.1% 15.0% 4.2% 11.7%
PLUS20 | .. —
TDIWITH i
natchea | 1 | cov | 27 6 2 4 40 68.6% 16.0% 4.4% 11.0%

CK
MONDEO | .. | [ 396 77 22 60 555 | 71.3% 13.9% 3.9% 10.9%
TURBO i
coaaser | ' | cogr 30 6 2 4 43 70.8% 14.8% 4.1% 10.2%
MONDEO 2 398 77 22 60 557 | 71.4% 13.9% 3.9% 10.8%

TDCI e
CTDL;ES_ET | copmr | 30 6 2 4 43 70.9% 14.8% 4.1% 10.2%
rocus | | B 338 77 22 60 497 | 68.0% 15.5% 4.3% 12.2%
C307-6N | W | copr | 26 6 2 4 38 67.5% 16.6% 4.6% 11.4%
Focus i 357 77 22 60 516 | 69.1% 15.0% 4.2% 11.7%

TDCI By
QURBO | 1| cogr | 27 6 2 4 40 68.6% 16.0% 4.4% 11.0%
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