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* China's target reflects gasoline fleet scenano. i including ather fuel types, the target wall be higher
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[1] China's target reflects gasoline fleet scenario. If including other fual types, the target will be lower.
[2] US and Canada light-duty vehicles include light commercial vehicles.
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2.0 L, 4 cyl, Automatic (56)
Dreser 2.5 L, 4 cyl, Automatic Eiecrricry Oniy 115
34 (variable gear ratios)
; 98 Combined
Combined MSRP: 525,990 :
Combined 129 102
30 42
City Highway RecuLar Gasoume 35 kWh per 100 miles @ City Hwy
2.9 gallons/100 mi 41 Premmum Gas Omnwy
Combined 37
;*:3'; HiBEwa Combined
gnway 35 40
City Hwy

2.4 gallons/100 mi

it 42 ¥ = MPG (EPA Label)
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2010
92.3
1.2
0.5
0.0
0.0
0.0
0.0

2010
92.3
7.2
0.5
0.0
0.0
0.0
0.0

Level 1
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8.0
1.0
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1.0
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0.0

Level 1
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3.0
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0.6
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2025

Level 2
67.5
8.0
1.0
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0.0
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Level 2
28.4
6.0
2.3
16.9
22.3
20.3
4.0

Level 3
47.0
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0.0
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11.0
5.0
3.0

Level 3
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7k kIR AEO2013-Light-Duty_Vehicle_Sales_by_Technology_Type-United_States-Reference_case
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1% 8 2025
v 2010 Level 1 Level 2 Level 3 Level 4
BB fmec L (T ) 83.7 76.0 57.5 35.1 10.0
Bad e d (%) 16.2 20.0 21.0 19.6 12.0
Bk § 4 0.1 1.0 1.0 0.0 1.0
B & # 4 (FHEV) 0.0 2.0 8.0 25.0 20.0
ET R LB 4 (PHEV) 0.0 1.0 10 13.8 35.0
T o o 4 (BEV) 0.0 0.0 2.5 3.0 17.0
PR 0.0 0.0 0.0 35 5.0
e 2050
T 2010 Level 1 Level 2 Level 3 Level 4
B fmec (T R) 83.7 56.7 32.7 5.7 0.0
Brd fRecd () 16.2 21.2 15.0 3.0 0.0
‘%"’»”H’iﬁ% 4 0.1 2.0 2.0 0.0 0.0
AR (FHEV) 0.0 19.5 20.0 4.0 0.0
7R L4 (PHEV) 0.0 0.0 15.0 24.0 0.0
T # % 4 (BEV) 0.0 1.0 10.0 23.2 55.0
AR 0.0 0.0 5.0 40.0 45.0

7k kIR AEO2013-Light-Duty_Vehicle_Sales_by_Technology_Type-United_States-Reference_case
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)k B 2010# 2015# 2020#& 2025& 2030#& 2035# 2040# 2045# 2050#
B dmecd (TR) 1470 1528  18.04  22.04 2227 2227 2227 2227 @ 22.27
BAd R L (L) 18.54  19.00 20.76  23.48 2362 2362 23.62 2362 23.62
Frotdlds 4 (GT9) 1413 1477 1767 2190 2212 2213 2213 2213 2213
gt gs 4 (LPG) 1413 1477 1767 2190 2212 2213 2213 2213  22.13
L4 (FHEV)(L #) 21.40 2176 2611 3084 3106 31.06 31.06 31.06 31.06
Fa R LEH 4 (PHEV)(T W) 17.34 1762 2141 26583 27.03 27.03 2703 27.03 27.03
R R A # 4 (PHEV)(% ) 46.82 4875 5155 57.16 5743 5793 5838 5883 5883
T B (BEV)(”’ 4) 57.80 60.19 6286 6570 66.01 66.59 67.10 67.62 68.14
dawsd(d) 3400 3400 3849 3939 39.39 39.39 3939 3939  39.39

TR 2010# 2015# 2020#& 2025#& 2030# 2035# 2040# 2045# 2050#
B dwed (TR) 1129 1192 1340 1676 16.89 1692 1692  16.92  16.92
BLd gmecl (K) 1439 1492 1593 1850 1858 1858 1858 1858  18.8
Bl 4 (GT9) 11.03 1158 1286 16.01 1616 1621 1621 1621  16.21
%’,H # 4 (LPG) 11.03 1158 1286 16.01 1616 1621 1621 1621  16.21
A T (FHEV)(n ) 16.73  17.77  20.09 2438 2443 2443 2443 2443  24.43

FRNR s 4 (PHEV)GT W) 1422 1511 17.08 2072 2077 2077 2077 2077 20.77
BT NR b # 4 (PHEV)(£4) 2818 2910 3091 3678 3695 3707 3721 3736  37.50
T 6B 4 (BEV)(*T’ ) 33.15 3424 3636 4327 4347 4361 4378 4395  44.12
EnRsB(d) 2720 3048 31.85 3483 34.83 3483 3483 3483  34.83

<Lk R AEO2013-Light-Duty Vehicle_Miles_per _Gallon_by Technology Type-Reference case
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o Level 1~4 F] & Hpimae sxdp e » FIR T = A7 4p
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)k B 2010# 2015#&# 2020# 2025# 2030# 2035#& 2040& 2045#& 2050+
B dmecd (T R) 0.00 0.36 3.35 8.78 9.26 9.31 9.35 9.39 9.43
BLd fmecl () 13.04 7.71 9.09 11.81 11.90 1195 1200  12.05  12.10
Bt 6o 4 19.49 1985 2285 2830 2878 2883 2888 2892  28.97
R & # 4 (FHEV) 1461 1150 1322 1656 1642 1621  16.09 1597 1585
¥R eds4 (PHEV) 6316 4405 3810 3626 3331 3144 3046 2949 2851
T 8% 4 (BEV) 66.66  49.16  37.88  29.81 2568 2287 2145 20.03  18.61
AL T s B 192.66 157.66 131.26 107.09  91.03 7821 6813  58.04  47.96

Jf2 2010# 2015# 2020# 2025# 2030# 2035# 2040# 2045# 2050+
B fmicd (T ) 0.00 0.68 2.61 8.18 8.30 8.42 8.56 8.70 8.84
Bt fmrc L (B) 19.68 1995  20.82 2416 2426 2434 2444 2454 2464
Btk 6o 4 4347 4415 4567  49.72 4983 4993  50.03 50.12  50.22
R & # 4 (FHEV) 2275 1935 1248 1714 1671 1648 1636  16.25  16.13
BT med4 (PHEV) 5358 3446 2851 2668 2373 2185 2088 1990  18.93
T 8% 4 (BEV) 57.08 3958 2830 2023  16.09 1328  11.86  10.44 9.03
AT s B 263.58 227.60 179.43 13525 11451  98.03 8506  72.09  59.11

7ok ki AEO2013-New_Light-Duty_Vehicle_Prices-Reference_case
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o Level 1~4 T & $tiwis st b o FlP EEH A A SR

)k B 2010# 2015# 2020& 2025#& 2030#& 2035# 2040# 2045#&  2050&
B dmecd (1) 1.40 1.40 1.46 1.57 1.58 1.58 1.58 1.58 1.59
BD R d (%) 1.66 1.55 1.58 1.63 1.63 1.64 1.64 1.64 1.64
Bkl g 4 1.79 1.79 1.85 1.96 1.97 1.97 1.97 1.98 1.98
& & # 4 (FHEV) 1.69 1.63 1.66 1.73 1.73 1.72 1.72 1.72 1.71
TR E# 4 (PHEV) 2.66 2.28 2.16 2.12 2.06 2.03 2.01 1.99 1.97
T 8% 4 (BEV) 2.73 2.38 2.15 1.99 1.91 1.85 1.83 1.80 1.77
WAL R B 5.25 4.55 4.02 3.54 3.22 2.96 2.76 2.56 2.36

2 2010# 2015# 2020# 2025# 2030# 2035# 2040# 2045#&#  2050#
Bd fmic L (T R) 1.59 1.60 1.64 1.75 1.75 1.76 1.76 1.76 1.77
BB R (B09) 1.98 1.99 2.00 2.07 2.07 2.08 2.08 2.08 2.08
LT s B 6.86 6.14 5.18 4.29 3.88 3.55 3.29 3.03 2.77
R & $ 4 (FHEV) 2.04 1.98 1.84 1.93 1.92 1.92 1.92 1.91 1.91
BTN L H 4 (PHEV) 2.66 2.28 2.16 2.12 2.06 2.03 2.01 1.99 1.97
T B 4 (BEV) 2.73 2.38 2.15 1.99 1.91 1.85 1.83 1.80 1.77
Bkl g 4 2.46 2.47 2.50 2.58 2.58 2.59 2.59 2.59 2.59

7ok ki AEO2013-New_Light-Duty_Vehicle_Prices-Reference_case
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Vehicle Segment
8 Z . A m b §
— HFEER S k- P ARE g
£f = f
=7 el (R
¥ N o= £ &
3£ Technology ‘E 3 3 S
ft box taper v
A i % ] . ) % ) A
- :J[i/{’h.lﬁ IE-';’E -‘g’ '_1] #E F&é s i]-‘;{? ’J‘ '_1 -gl Boat tail v | v
Box skirts s
9 - 2| 2
B jé‘ ‘Z'? "t‘i -‘3: A }?’ Cab side extension or cablbox
v Aerodynamics |gap fairings
Full gap fairing v v
2 h—> P ] 2. ,/L . ] 7 _—
- HEFAR TR M Lo 1
2 Roof deflector
_‘A‘ ﬁ /:], —,-\);i _a: % }?, Streamlining
- Lightweighting | Material substitution v |
I h—x A 2 H . 4 Automatic tire inflation on ”
)lé’ IE :J[i/ﬁlm.%}i -ac F #E _E// ég‘g ° _;ﬂj‘-' vehicle/tractor v
P R Tires and Automatic tire inflation on trailer v v
N2 S — oy
<E {T ,ﬁ! 4 e ‘L El Wheels Low rolling resistance tires
¥ Low rolling resistance wide- v v
base single tires
a2 A 2y 2
g’ ﬁ P ,?‘E_L LI a‘ m ;':v- )l‘_f, ﬁ,{i{h’}% IE 3E— f Aggressive shift logic and early P
Transmission lockup
Table 2.2. Summary of Truck Energy | y P and Driveline  |Increased transmission gears v
" Energy Intensity (gallons per ton-mile) Transmission friction reduction v v v
lem . " 1
Reduction Potential by 2050 E;‘Ig(:;?-lcy Improved dissel engine v v v
Engine Improvements -
Tutbocompounding Dual-mode hybrid v v
Decreasing friction Hybridization Parallel hybrid
Elscmcauxilia_m_as - 15-20% ybridizat Parallel hydraulic hybrid
Improved fuel |n|e::rllnn Series hybrid
Real-time combustion control
Bottoming cycle Predictive cruise control v v
ion and pi Management | Route management v
Decreasing friction a7% Training and feedback v
Automated manual transmission 25-50%
Hybrid Powertrain
For trucks operating in congested conditions and for vocational > . 1 H H
Fucks ot o pands 0 cpeaton anclorongne powr o 7R &R @ TIAX, “European Union Greenhouse Gas Reduction
take-of H H ”
other Potential for Heavy-Duty Vehicles,” 2011
Aerodynamics
Low rolling resistance tires
18-35%
Weight reduction . - .
ide reduction 74 %k : DOE, “Potential for Energy Efficiency Improvement
F
Oy i i -S| i - - 'T]
P — — — Beyond the Light-Duty-Vehicle Sector,” 2013
fe: Ene: int i vements are additive. are
2 01 /1 using mrgrmm:ﬂ};’m -b) = (1-c), where a and b are mﬂependenl improvements, and ¢ is m: 2

total 1P . Not all ir are
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Table 5-9. Technology Options in the Coach Segment

o ];\; i ~ I} ° Included in
~ —_— Fuel AEA-Ricardo

Consumption Cost Added Combined
Technology Benefit (%) (2010€) Weight Package? Source
- L L % I S e » ,ﬁ/ A Straamlining 3to 10 2,114 — — TIAX/NAS
_— rg I]IJ EY° R I:-ﬁl I T | ,{ylh E v Aerodynamic fairings 1 350 — Yes AEA-Ricardo
Asradynamics Spray ion mud flaps 2 14 — Yes AEA-Ricardo
Vehicle improvements using .
—_ 2 (554 7:;'{ VE “)éﬂ improved serodynamics 4.1 - - Yes AEA-Ricardo
T NS 2 Material substitution — 1,500 Ib 14 412 | LS TIAX/INAS
. . (680 kg : B (<680 kg) -
Lightweighting
N N2 'EQ AR K= N7 A ) P A - 2 Vehicle improvemants using 22 Y .
N T~ - —_ -1 i . . - - (1] AEA-Ricarda
— = j\i‘g 4y EHag »yg X & 5 =X weight :
Low rolling tires. 1to2 184 —_ —_ TIAX/NAS
_\“ F E //ﬁ tire inflation 0.4 269 - - TIAXINAS
pe ﬁp | 2 Tires and wheels | Low rofling resi tirgs 3 350 — Yes AEA-Ricardo
Single wide tires L] 825 o Yes AEA-Ricardo
Automatic tire pressure adjustment 2 11.790 - Yes AEA-Ricardo
2, 21 . ) 21 1L NV AR K 32 N — 2
- =3 — — 2 -, >N = = J— _ _
° j"k FLlF' 'lj 1;\, j& l\'.’ A B §p 3L =X Trarsmss friction 11015 182 TIAXINAS
‘ A d manual 1.5 3,500 — No AEA-Ricarda
- 24 - e Advancad 11-15L angine with
= 221 5 bottoming cycle (240 bar
sdve v
cylinder pressure, 4,000 bar
supercritical alomization fuel
injection, electrically boosted 250 Ib
variable geometry turbocharger, | 14810179 | 10415 | S0 — TIAXINAS
e improved closed-loop engine
|~ Petrol Small - Cost Curve with Safety Margin ‘ Engine efficiency | conlrals, botloming cycle,
= | =——Petrol Medium - Cost Curve with Safety Margin thermal effici 5; ﬁ‘:aﬂ%].
¢ 800" — petrol Large - Cost Curve with Safety Margin i - -
a — Diesel Small - Cost Curve with Safety Margin Conltroliable air compressor 1 140 — No AEA-Ricardo
‘; 7000 — Diesel Medium - Cost Curve with Safety Margin 4 Electrical turbocompound 25 7,000 — Yes AEA-Ricarda
-] [ Diesel Large - Cost Curve with Safety Margin Haat racovary 2.5 11,570 _ Yas AEA-Ricardo
8 6000 4 in natural impror t 6.2 — — Yes AEA-Ricardo
g Gen Il parliel hybrid electric 91013 26002 | D00 - TIAX/NAS
‘= 5000 (228 ki
2 . Pneumatlic booster, air hybrid 1.5 800 —_ Ne AEA-Ricardo
T Hybridization
= 4000 A Stop/start system 3 640 — No AEA-Ricardo
2 Full hybrid " 10 24,000 — Yes AEA-Ricarda
= sl Flywhool hybrid 75 2,500 - No AEA-Ricardo
= " Predictive cruise conirol 1to2 7 —_ —_ TIAX/NAS
E 2000 Al Predictive cruise control 5 1,400 _— Yes AEA-Ricardo
= Fuel efficiency imp 2010 and Lo
3 2014 (baseling) I ] - TIAXINAS
< 1000 —~
Total combined b 384 (32t043) | ar0m1 |
ki i i i i i Total combined 38 sr299 | N
0 20 60 30 100 120 140 160 180 | |
. “Waste haat recovery from bottoming cycle
Absolute co2 Reduction [g',kml **The 1otal combened benefit of individual fuel afficency impr is as folows: Combined fuel consumption benelit (%) = 100
¥ (1 - (1-FCB/100) x (1-FCB100) x ... x (1-FCE/100)), where FCB, is the peroent fusl consumplion benefit of the Ah technology.
512
Figure 104  Cost curves for all segments (additional manufacturer costs as a function of absolute reduction in = . .
2l O - (3
Type Approval CO; emission). The red dot indicates the maximum reduction potential for the ) 7}"' % o TIAX' European Union Greenhouse Gas Reduction
assessed measures at the lowest costs for each cost curve. Potential for Heavy-Duty Vehicles,” 2011

FHL k& © TNO, “Support for the revision of Regulation (EC) No 443/2009
on CO2 emissions from cars, 2011 57299 = KCoach *38"3= K

2013/11/22 nst = K - a 0p N

Coach
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$700
Technology cost dropping
$600 Technology availability increases - and its costs decrease - over time
= Incremental vehicle costs and percent improvements versus MY2008 baseline
M Engr. + R&D )
$500 - = Data from EPA/NHTSA 2012-2016 rulemaking and EPA/NHTSA/CARB TAR for 2020
M Profit
5400 | E = 2016 gasoline efficiency
m Corp. OH E . im“, hybrid techno nt\./ § o 3
E 2016 d lL:_\‘\f‘u\m,,, ° o Hybrids
| . Scrap & ne e I.\ \\.,
$300 § technology i ’\.
B Burden o 4000 3 \
5200 ] E Diesela :
m Labor P ~ },-'
100 ; TF: i ';": 2
> ® Material E , Gasoline s_zfﬁcie'ncy:. N
50 1 E 1000 1 i _-:l -.... L :
£ |
Incremental cost of turbocharged, downsized, gasoline direct-injection o 20 30 A0 60
14 engine broken down by cost category. .' ~ Carbon dioxide g/km reduction (%)
FA kR © “Assessment of fuel economy technologies for F AL %k 1 ICCT ,”EU vehicle technology study Background
light duty vehicles,”, ISBN 978-0-309-15607-3, 2011. and results of Phase 1,” 2012
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U.S. hybrid vehicle sales and market share, 1999 to 2012 0 45—t t—r—]}
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500,000 3.5% NP
— Years after first significant use
’ . L 3.0%
400,000 z it takes about 15 years or so for a technology to

o 350,000 [ s = reach maximum market penetration.

g 300,000 - 2.0% 3

4 250,000 =1 2 gl A om ” .

% 200000 - 15% pokt kiR - DOE ,”Vehicle Technology
150,000 - 10% B Deployment Pathways An Examination of
1:2222 | e Timing and Investment Constraints,” 2013
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B Prius sales Other hybrid sales  =+Hybrid market share

very-curious-hybrid-boom/

mnardan.com | Sources: DOE Alternative Fuels Data Center, HybridCars.com.
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, 2050
B ROD 2010
Level 1 Level2 Level3 Level4d
G fmec L ($9) 98.88  49.84 0.00 0.00 0.00
R L #4 (FHEV) 0.96 50.00 90.00 70.00  30.00
T #° 1 (EV) 0.16 0.16 10.00 30.00 70.00
Rk 2L/

B RD wdln] 2010# 20154# 2020# 2025#& 2030# 2035#& 2040# 2045# 20504
B gmecl (B) o 2.8 3.02 3.3 3.36 3.36 3.36 3.36 3.36 3.36
B &84 (FHEV) L 3.5 4.03 455 4,55 4,55 4,55 4,55 4,55 4,55
TH ¥ L(EV) T4 0.85 0.89 0.94 0.94 0.94 0.94 0.94 0.94 0.94
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SRR EE 2010+ 2015#  2020& 2025#  2030& 2035+ 2040#  2045& 2050+
Level 1 3.02 3.38 3.62 3.62 3.62 3.62 3.62 3.62 3.62
Level 2 3.02 3.38 3.78 3.78 3.78 3.78 3.78 3.78 3.78
Level 3 3.02 3.38 3.81 3.93 3.93 3.93 3.93 3.93 3.93
Level 4 3.02 3.38 3.81 4.11 4.23 4.23 4.23 4.23 4.23
~p2 2010# 2015#&  2020+# 2025#  2030& 2035+ 2040#  2045& 2050+
Level 1 2.47 2.77 2.96 2.96 2.96 2.96 2.96 2.96 2.96
Level 2 2.47 2.77 3.09 3.09 3.09 3.09 3.09 3.09 3.09
Level 3 2.47 2.77 3.11 3.21 3.21 3.21 3.21 3.21 3.21
Level 4 2.47 2.77 3.11 3.36 3.46 3.46 3.46 3.46 3.46
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o Level 1~4 F1 & Bprit »xqp e > FILEF R 2740

B RS E 2010 2015# 2020 2025# 2030 2035# 2040-# 2045 & 2050
Bred e (B9) 100 85.0 70.0 60.0 60.0 60.0 60.0 60.0 60.0
R & # 4 (FHEV) 200 177.5 155.0 140.0 140.0 140.0 140.0 140.0 140.0

T 1L(EV) 300 215.3 130.5 65.0 65.0 65.0 65.0 65.0 65.0

e Hirg@H@a s (A1) 19957 B EAES - 13 5§ $2%~4%

PRCR S

s FRImAE TR RRMREAP

o Level 1~4 7)1 & B scdp e » FIr 2 A A4

L 2010# 2015# 2020# 2025 2030# 2035 2040 & 2045 & 2050-#

AL e (B 0) 12 11.7 11.4 11.2 11.2 11.2 11.2 11.2 11.2
2 &6 4 (FHEV) 24 20.3 19.7 19.2 19.2 19.2 19.2 19.2 19.2
?,iw 1 (EV) 36 28.6 25.2 22.6 22.6 22.6 22.6 22.6 22.6
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e 112010 T ih 34 # iﬁii(&-,&:)J & 2 '7503(/‘} r’rﬁ)&sooﬁ(—,‘ Fﬁ)
SR EiE 2010& 2015F 2020#& 2025# 2030F& 2035F 2040#& 2045& 2050+
Level 1 0 6.7 28.4 26.7 26.7 26.7 26.7 26.7 26.7
Level 2 0 6.7 55.5 52.2 52.2 52.2 52.2 52.2 52.2
Level 3 0 6.7 62.4 90.2 90.2 90.2 90.2 90.2 90.2
Level 4 0 6.7 62.4 155.9 213.9 213.9 213.9 213.9 213.9
= %U ?  2010& 2015#& 2020& 2025#& 2030#& 2035#& 2040& 2045% 2050#&
Level 1 0 3.4 14.4 13.4 13.2 13.1 13.1 13.1 13.1
Level 2 0 3.4 28.1 26.2 25.9 25.6 25.6 25.6 25.6
Level 3 0 3.4 31.6 45.3 447 44.2 44.2 44.2 44.2
Level 4 0 3.4 31.6 78.2 106.0 104.7 104.7 104.7 104.7

o HiEEEA R (F AR RS AL 0 2D iR 13%~4% 5 38
o FHIimAE - FREYBRMBREEP

NN

SR EE 2010# 2015# 2020# 2025+ 2030+# 2035#% 2040# 2045+# 2050+
Level 1 22.5 22.7 234 23.3 23.3 23.3 23.3 23.3 23.3
Level 2 22.5 22.7 24.2 24.1 24.1 24.1 24.1 24.1 24.1
Level 3 22.5 22.7 24.4 25.2 25.2 25.2 25.2 25.2 25.2
Level 4 22.5 22.7 24.4 27.2 28.9 28.9 28.9 28.9 28.9
< p#® 2010#& 2015#% 2020#& 2025# 2030% 2035#& 2040# 2045# 2050+
Level 1 20 20.1 20.6 20.5 20.5 20.5 20.5 20.5 20.5
Level 2 20 20.1 21.1 21.0 21.0 21.0 21.0 21.0 21.0
Level 3 20 20.1 21.3 21.8 21.8 21.8 21.8 21.8 21.8
Level 4 20 20.1 21.3 23.1 24.2 24.2 24.2 24.2 24.2
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