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Goals — three questions
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A technology cost curve for China
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Highlights of the project T H ¥ &
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A joint project between the
ICCT and CATARC

Transferred the newest
US/EU methodologies to
China

Adopted new approach in
assessing fuel-saving
potentials of future
technologies — Ricardo
simulation model

Adopted new approach in
assessing the costs of these
technologies — FEV tear-
down analysis

Adopted most recent
assessments of mass-
reduction technologies

High-resolution adaptation to
China
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Methodology and data flow
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Connect technology impact to costs
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Ricardo simulation
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About Ricardo simulation 3= T-1/5 B i)

NNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNN

Simulation models are

widely adopted in the auto
Industry for product design
and technology evaluation

US EPA referred to Ricardo
simulation results to
development its 2017-2025
LDV standards

Contracted by ICCT, Ricardo
expanded the EPA
simulation by adding in new
technologies, vehicle
classes, and test cycle

Visualization software DVT
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Design space . major technology packages
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Start-stop incl. energy-recuperation

Gasoline direct injection (DlI),
turbocharging and downsizing
(stoichiometric)

Gasoline DI, turbocharging and
downsizing (lean-stoich.)

Gasoline exhaust gas recirculation
(EGR) DI turbo

Gasoline Atkinson cycle engine with
cam profile switching (CPS)

Gasoline Atkinson cycle engine with
digital valve actuation (DVA)

Gasoline P2 hybrid
Gasoline PowerSplit hybrid
Diesel advanced 2020+ engine

Advanced transmission technologies
(6/8-speed automatic, dual clutch
transmission)

Manual transmission sensitivity
analysis
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Design space : vehicle classes
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Powertrain technologies simulated or analyzed on
vehicle classes
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Design space : Drive cycles simulated
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Input and output in simulation (DVT)
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- Vehicle class %527l - Drive cycle fuel efficiency
« Powertrain configuration « Cycles: FTP,
DI/ R G A HWFET, CAFE,
« Engine KAHLEA US06, NEDC, JCO8,
* Transmission A5 25 £ WLTP
7N | | \ « Metrics: CO2, mpg
* Engine displacement . Acceleration times
LB - 0-10, 0-30, 0-50, O-
* Rolling resistance 60...... mph
« Aerodynamic drag « Top speed
« Weight B#H 2% - Velocity or distance at
1.3s, 3.0s
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DVT FLH Yife X
Complex System Tool
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Each technology package is a combination of
powertrain and whole vehicle technologies

PARBEM R B ML RGE & B HR

NNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNN

14



Road load scenarios simulated
AL IE B e (BEE) IR AE

Nominal JAerodynamic Rolling

massh Dragf Resistance
reduction Jimprovement jImprovement
Baseline{RLO) 0 0
Alternative@oad@.oad@ fRL1) 10 10
AlternativeRoad@.oad2{RL2) 20 20
AlternativeMRoadA.oad BHRL3) 5 5

AlternativeMoad@.oad@{RL4) 20 15 15

Alternative@oadA.oad BNMRL1) 0 10 10
Alternative@oadA.oadBENMRL2) 0 20 20
AlternativeMRoadA.oadFFINMRL3) 0 5 5

AlternativeMRoadA.oad BAINMRL4) 0 15 15

To understand the impact of mass reduction technologies, we
created road load scenarios with or without mass change
o NI B ORI TTRR, W T PREE 570 =5 RE B A
ICCt roEknE
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lllustration of simulation results

R B 45 R on

CH (GRil%E)
C Class petrol
Transmissi CdA 0-60 mph
Road Load Engine on CdA Change secs CO2 g/km L/100km
RLO SGTDI A8 3250 0.0083 0.65 10.0 111.3 4.8
RLO SGTDI 8DDCT 3250 0.0083 0.65 10.0 108.5 4.6
RL1 SGTDI A8 2795 -14.0% 0.0075 -9.6% 0.585 -10.0% 10.0 97.0 4.1
RL1 SGTDI 8DDCT 2795 -14.0% 0.0075 -9.6% 0.585 -10.0% 10.0 94.8 4.1
RL2 SGTDI A8 2372 -27.0% 0.0066 -20.5% 0.52 -20.0% 8.6 84.4 3.6
RL2 SGTDI 8DDCT 2372 -27.0% 0.0066 -20.5% 0.52 -20.0% 8.8 82.6 3.5
RL3 SGTDI A8 2956 -9.0% 0.0079 -4.8% 0.618 -4.9% 10.0 102.8 4.4
RL3 SGTDI 8DDCT 2956 -9.0% 0.0079 -4.8% 0.618 -4.9% 10.0 100.4 4.3
RL4 SGTDI A8 2665 -18.0% 0.0071 -14.5% 0.552 -15.1% 9.6 92.1 3.9
RL4 SGTDI 8DDCT 2665 -18.0% 0.0071 -14.5% 0.552 -15.1% 9.8 90.0 3.8
NMRL1 SGTDI A8 3250 0.0% 0.0075 -9.6% 0.585 -10.0% 10.1 105.7 4.5
NMRL1 SGTDI 8DDCT 3250 0.0% 0.0075 -9.6% 0.585 -10.0% 10.0 103.3 4.4
NMRL2 SGTDI A8 3250 0.0% 0.0066 -20.5% 0.52 -20.0% 10.0 100.6 4.3
NMRL2 SGTDI 8DDCT 3250 0.0% 0.0066 -20.5% 0.52 -20.0% 10.0 98.5 4.2
NMRL3 SGTDI A8 3250 0.0% 0.0079 -4.8% 0.618 -4.9% 10.0 108.5 4.6
NMRL3 SGTDI 8DDCT 3250 0.0% 0.0079 -4.8% 0.618 -4.9% 10.0 105.9 4.5
NMRL4 SGTDI A8 3250 0.0% 0.0071 -14.5% 0.552 -15.1% 9.9 103.1 4.4
NMRL4 SGTDI 8DDCT 3250 0.0% 0.007 -15.7% 0.552 -15.1% 10.0 100.7 4.3

. Impact of mass reduction is reflected in the difference
|cct between RL and NMRL packages

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION
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Develop technology
nathway in the | EAREZE
Chinese context
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basis 1or adapting Ricardo simulation results to

China
frLh L

4k B g H
o A AR T S K
54 b A ) 5 R

an

~ = " Same driving test cycle
=  Similarity in key vehicle features
of mainstream vehicle segments

el
il

:
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EU 2010 data for EU-27

Lower Upper Car-derived
Segment Small medium Medium medium Off-road vans
Market share 29% 32% 1% 3% 9% 2%
Representative model Toyota Yaris  Volkswagen Toyota BMW BMW X3 Renault
Golf Avensis Ser series Kangoo
Diesel share 35% 59% 78% 81% 76% 77%
Petrol Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol Diesel
Cylinder 3.9 3.9 40 4.0 4.3 4.1 5.2 5.0 42 4.4 40 4.0
Displacement [L] 1.3 1.4 1.5 1.7 2.0 2.0 2.7 2.5 1.9 2.2 1.5 1.6
Power [kW] 63 61 87 83 128 109 177 144 m 123 68 67
Auto. transmission share 9% 3% 14% 12% 36% 21% 74% 61% 24% 37% 4% 4%
Curb weight [kg] 1105 1173 1312 1405 1514 1565 1708 1764 1450 1772 1402 1428
CO, [g/km] (NEDC) 136 1n3 156 132 178 148 200 163 182 182 178 144
China 2010 passenger car data
Lower
Segment Small medium Medium Large SuUvV Minivan
Market share 15% 32% 10% 4% 10% 16 %
Representative model BYD F3 Hyundai Honda Audi A6 Honda CR-V Wuling
Elantra Accord Zhiguang
Diesel share 0% 0% 0% 1% 6% 0%
Cylinder 3.9 4.0 41 5.0 4.1 4.0
Displacement [L] 1.4 1.6 2.0 2.4 2.1 1.1
o Power [kW] 71 84 112 141 110 45
Auto. transmission share 26% 44% 67% 89% 50% 0%
I CCt Curb weight [kg] 1080 1258 1464 1684 1567 998
ON CLEAN TRANSPORTATION CO, [9/km] (NEDC) 157 173 199 21 211 178
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Baseline adjustment J& & [a] i
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The technology starting o
point in Ricardo is based
on the US baseline
technologies, therefore
are too advanced for
China
= Baseline fuel
consumption for C-class

IS 5.7 L/100km, vs B
7.4L/100km in China

Use additional (external)
simulation models,
literature data sources to
back out the fuel efficiency
Impact of advanced
technologies and costs
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FUEMAESED. 7
L/100km [ 52 PR A&
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Ricardo baseline vs China baseline

Ricardo$s A 32 AT A [ 5 AR T L

A

Disp.
Engine Config. I4 I4 I4 I4 I4 I4 I4 I4
Fueling: MPFI MPFI MPFI MPFI MPFI MPFI MPFI MPFI

Valve: [NV [Fixed | [VAATEN["Fixed|  Fixed  Fixed [V [ Fixed "

Cam Config. DOHC DOHC ~ DOHC DOHC  DOHC DOHC  DOHC DOHC

Transmission: [UAGHN " M5 " [AGNN | M5 " [EVIGEN M5 [NAGEN A5

Start-Stop: [INESIN " "No | [NVESEN | 'No " |[VESEN[ No = [WAVESE ' No

Adv. Alternator: [JINVESEN [""No " [IVESEN ' No | [WAVESEN | 'No " [WNVESE [ 'No

Alternator Regen: __ Yes©© No  [¥es'| No  [¥es| No
5.6 6.7

NEDC L/100km: 5.6 7.4 7.3 8.5

Disp. 24 24 2.4 2.1
Engine Config. 14 14 14 14
Fueling: MPFI MPFI MPFI MPFI

Valve: (VAR [ Fixed | VAT | Fixed
Cam Config. DOHC DOHC DOHC DOHC
Transmission: A6 A6 A6 M5
Start-Stop: [NINVESIN | No | [VESEN | No
Adv. Alternator: [INESIN | No | [ENESEN| No
Alternator Regen: [IINVESIN _ ~ Yes No
8.2 9.0

icct NEDC L/100km: 7.3

*VVT = inlet and outlet

ON CLEAN TRANSPORTATION

20



How this is done 7 AN b JiF A& Ua] 5¢ % 7Y

~ Transmission 0.96

Fuel System MPFI TBI 1.01

Valve System VVT Fixed 1.04

i B Engine Displacement (liters) 1.5 1
T 4 33t Engine Configuration 14 14 1
HAR Cam Configuration DOHC SOHC 1.03
Valves per Cylinder 4 4 1

Start Stop System 12V BAS No 1.11

B A — Imp Alternator & Accessory Regen Yes No 1.04
e — VVT/DOHC Correction: 0.99019
wA - Start Stop/Imp Alt+Regen Correction: 0.99888
Powertrain technology adj factor 1.19205

Road load parameters are adjusted using an external tractive energy model, the
output is incorporated in DVT results.

IR I, TR O A S Rl [ R BT KT (B ZETE B U RE LU e
oif) , JHIX— T EANERIS A BB 5, JFRE s SR A5 RN DV T AR 4 HH 25 R

icct ”
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Baseline adjustment factors for all classes

A HE A H 25 R ) SR SR R RE L

- RN

S “ n M

NEDC CO, (g/km)

China Baseline 150 157 173 199
Unadjusted Ricardo 131.3 131.3 133.5 170.4
Baseline-Adjusted Ricardo 151 151 156.5 209
China Baseline CO, to Ricardo Modeled CO,
Unadjusted Ricardo 1.14 1.2 1.3 1.17
Baseline-Adjusted Ricardo 0.99 1.04 1.11 0.95

Mapped Ricardo Vehicle Class

211 211 178
170.4 191.3 131.3
204.3 2155 182.6

1.24 1.1 1.36

1.03 0.98 0.97

In all vehicle classes, backing out the technologies can explain the vast majority
of differences in CO2/fuel consumption between China baseline vehicle and

Ricardo baseline vehicle

B B EMPON R, RiRicardo BB Jaib R AR [B] 5 1 A8 7K1 BR A [ SEBR Y
FEYEMAE AP RRIEIL 7. e il, IXESEORREMRER T cardo 4= AR A [H 2= A i

e ZE A K7
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China intermediate technology packages
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Similar to the baseline
adjustment, need to remove
the advanced technologies
from the first Ricardo
technology package

Due to the constraint of
Ricardo modeling, can only
subtract existing
technologies from the first
Ricardo package

Therefore need to evaluate
the fuel consumption impact
of the removed technologies

External models are used for
the evaluation
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Define intermediate technology packages for China

7 SR T RS LR SR ORI A D

Ricardozs — ot R A=

ATT (EBIHLIREE+ VVT + DVVL + ZFid 38 e RiiR
ot R SERTBUE + SRl REE RN
+ EPSEE A ZERLHIE HIEOR)

+ 1P IR LB (STGDI)

+ Start stop

— China 4
1§ 5 2

mm  Start Stop =m SGTD| o China 1
FEFR 1
3 - -
|CCt mm  Start Stop wem SGTD| wem AT mm== RSUIERESSIUE
O CLEAN TRANSPORTATION T EF' E g {E
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China cost curves
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Cost Curve for C-class gasoline vehicles
(direct manufacturing cost) CZ% B 422 A il 2%
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Cost Curve for C-class gasoline vehic
(direct manufacturing cost) CZ & fliAx
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Impact of mass reduction

Yk A Y 52
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More than 1/3 of cost saving
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2025 Scenario 20259 F &=
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Road
Load

RLO
RLO
RLO
RLO
RLO
RLO

RLO
RLO
RLO
RLO
RLO
RLO

RL1
RL1
RL1
RL1
RL1
RL1

RL1
RL1
RL1
RL1
RL1
RL1

RL2
RL2
RL2
RL2
RL2
RL2

RL2

Customized costs

YN ISFIFN

Tech Package
“Unadjusted Baseline"
Standardized Baseline
SGTDI
SGTDI
China 1 (EvoTech)

China 1 (EvoTech)

China 2 (EvoTech+STGDI)
China 2 (EvoTech+STGDI)
China 4 (EvoTech+SS)
China 4 (EvoTech+SS)
LBGTDI

LBGTDI

SGTDI wCEGR

SGTDI wCEGR

P2 AtkCPS

Standardized Baseline
SGTDI

SGTDI

China 1 (EvoTech)

China 1 (EvoTech)

China 2 (EvoTech+STGDI)
China 2 (EvoTech+STGDI)
China 4 (EvoTech+SS)
China 4 (EvoTech+SS)
LBGTDI

LBGTDI

SGTDI wCEGR

SGTDI wCEGR

P2 AtkCPS

Standardized Baseline
SGTDI

SGTDI

China 1 (EvoTech)

China 1 (EvoTech)

China 2 (EvoTech+STGDI)
China 2 (EvoTech+STGDI)
China 4 (EvoTech+SS)

icct
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Trans-
mission

Mass
(Ibs)
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
2892.465
3055.607
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2502.247
2632.319
2112.028
2112.028
2112.028
2112.028
2112.028
2112.028
2112.028
2112.028

Mass
Change

-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.5%
-13.9%
-27.0%
-27.0%
-27.0%
-27.0%
-27.0%
-27.0%
-27.0%
-27.0%

L I B B I B B B B B BN BN B B BN BN B BB B BN N |

RR
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0079
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0071
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063

RR
Change

-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-10.1%
-20.3%
-20.3%
-20.3%
-20.3%
-20.3%
-20.3%
-20.3%
-20.3%

L I B B B B B B BN I BN DN B B BN OB BN BB B BER. OO |

CdA
Change

-10.0%
-10.0%
-10.0%
-10.0%
-10.0%
-10.0%
-10.0%
-20.0%
-20.0%
-20.0%
-20.0%
-20.0%
-20.0%
-20.0%
-20.0%

L I B B B B B B BN I BN DN B B BN OB BN BB B BER. OO |

D|sp

16
0.772

0.78
0.772

0.78

1.943399
1.407
0.679
0.686
1.407
1.407
0.679
0.686
1.407
1.407
0.679
0.686
0.679
0.686
1.631299

1212
0.675
0.675
1212
1.212
0.675

RL Disp
Change

-12.1%
-12.0%
-12.1%
-12.1%
-12.1%
-12.0%
-12.1%
-12.1%
-12.1%
-12.0%
-12.1%
-12.0%
-12.1%
-16.1%
-24.3%
-12.6%
-13.5%
-24.3%
-24.3%
-12.6%
-13.5%
-24.3%

FC

L/100km
7.402653
6.462443
4.93891
4.831049
5.57646
5.431503
5.144199
5.014041
5.312702
5.193436
4.757411
4.647033
4.716009
4.616199
4.114668
5.69555
4.346513
4.257119
4.914744
4.786949
4533771
4.419035
4.682243
4577158
4.200887
4.100809
4.151915
4.066325
3.558246
4.788233
3.795943
3.720301
4.131791
4.024388
3.901656
3.797393
3.936384

0-60 mph
secs

9.1
9.1
9.1
9.1

9.1
9.1

9.1
9.1
9.1

79
7.9

2020 2025
Direct Direct
Cost Cost
0 0
2963.626  2564.003
16429.17  14671.65
16045.88  14318.93
11490.54  10577.66
11093.13  10212.12
14482.07  12999.61
14094.18  12642.94
1391345  12658.3
13516.05 12292.76
16429.17  14671.65
16045.88  14318.93
16832.84  15036.53
16450.56  14684.73
22316.14  19458.82
802.2456  -577.364
1425198 11513.68
13867.29  11159.73
9440.064  7531.538
9042.659  7165.997
12358.32  9887.527
11969.61  9530.125
11752.07  9516.936
11354.66  9151.395
1425198  11513.68
13867.29  11159.73
14643.89  11867.93
14260.08  11514.78
19608.32  15733.55
12175.66  6894.564
25731.88  19076.89
25337.43  18714.31
20925.54  15099.69
20531.09 14737.11
23840.52  17452.72
23449.02  17093.08
2312549  16988.86

JRA K H

2020

Total

Cost

0

3554.626
21151.46
20686.79
14426.57
13944.75
18821.59
18351.42
17325.79
16843.97
21151.46
20686.79
21619.92
21156.43
28296.97
1710.633
19284.18
18817.81
12713.01
12231.19
17018.26
16547.08
15479.52
14997.7
19284.18
18817.81
19738.99
19273.65
25774.41
13776.93
31477.76
30999.46
249134
24435.1
29214.59
28738.68
27545.82

€ il T
1 %

2025

Total

Cost

0
2811.634
17130.01
16756.67
12503.64
12116.57
15357.72
14980.19
14709.02
14321.95
17130.01
16756.67
17561.29
17189.03
21588.06
-172.94
14126.05
13751.38
9619.312
9232.247
12402.41
12024.08
11723.74
11336.68
14126.05
13751.38
1454477
14171.04
17990.51
7709.341
22105.03
21721.1

17603.59
17219.65
20383.48
20002.33
19606.02

4.5
19373
24724

2020
Market
Share
0.0%
0.0%
40.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
40.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2025
Market
Share
0.0%
0.0%
30.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
50.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

4.4
17664
19916

30
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Thank you!
Questions?

Contact: hui@theicct.org

icct .
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Technology package development procedures

Technology
Identification

Ricardo
Subject
Matter
Expert
Assessment

EPA Review
&
Technology
Discussion

Technology
Package
Selection

increase efficienc: y integrate technologies
=) Total Vehicle Fuel Economym™

imize warranty exposure justify business case

mitigate turf wars




Technology roadmap after SME evaluation

Technology Roadmap for Light Duty Gasoline

Emissions EPA Tier 2/ Calif LEV Il Calif LEV Il

EU: 130g/km CO, g/km CO, target
US GHG and
CAFE (mpg) 54.5

Power Density | Reduce CO, and increase kW/2 >
Engine Engine Downsizing, Downspeeding & Hybridizaton | E R R R R A R § 1
Concept Energy Recovery / Split Cycle s B 0
) :
Engine Design Thermal & Lubrication Systems HE B
Advanced Structures []

[]

Variable Tumble Intake Ports a1

VGT, E-boost, Compounded Boost BRR

Cylinder Deactivation, CPS, VVL 1]
[]

10N
Homogeneous GDI

2"d Generation Stratified GDI
CAIl, WOT, EGR, Lean Boost, Deep Miller Cycle
B

TWC - Optimizing Formulation and Substrates

Air Handling

Combustion

Emissions

Control Lean NOXx Trap (for lean Sl  HEREEN
R cpF B}

<I3 C 2010 2015 2020 2025
TTTTTTTTTTT oL Source: Ricardo -
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Sample advanced technology evaluation

Technology and Status Ratings of Technology
Concept: Improvements in air handling through a suite of boosting 1 «—— 5 10
technologies either standalone or in combination (worst) (best)
Base Functioning: Provision of higher specific torque and power to enable Effectiveness [Ill __
downsized engines. Technologies include eBoost (e-machine in CHRA or a o @
electrical separation by e-Turbine and e-Compressor); supercharging Availability - -
(advances to avoid variable drive); variable nozzle compressor Market T @ -

. . . . . Penetration
CO, Benefit: 2% (more if engine downsized for equivalent performance)
Long-Term
Costs: Increase in turbocharger air system matching and development time, Cost Viability i </>-
increased complexity in engine controller. Variable cost of turbocharger doubles Current
plus additional air cooling requirement, sensors and actuators Maturity B <‘> |
Technology Applicability Visualization

Technology applicable to all sectors of diesel application

Highway benefits — improved transient response from engine allows downsizing.
More air allows improved emission performance for NOx and PM control giving
leeway for CO, reduction.

City benefits — much improved transient performance allowing downsizing.
Operation in more efficient area of turbocharger map gives more noticeable CO,
benefit in city driving

In conjunction with enhanced EGR allows for premixed or homogeneous
combustion in part load operation for very clean emissions. Design can facilitate
the use of pre-TC catalyst for quick aftertreatment light-off

(o]
ICCt Source: Ricardo

ON CLEAN TRANSPORTATION

Picture: http://honeywellbooster.com



Source:

Ricardo Inc., “Project Report,
Analysis of Greenhouse Gas

Emission Reduction Potential
of Light Duty Vehicle
Technologies in the
European Union for 2020-
2025,” 2012.

Ricardo Technologies and Assumptions
Table 5.1: Engine technology package definition.
Air Fuel Valvetrain
Engine System Injection EGR CPS DVA
2010 Baseline NA PFI No No No
Stoich DI Turbo Boost DI No Yes No
Lean-Stoich DI Turbo Boost DI No Yes No
EGR DI Turbo Boost DI Yes Yes No
Atkinson with CPS NA DI No Yes No
Atkinson with DVA NA DI No No Yes
Diesel Boost DI Yes Yes No
Table 5.2: Hybrid technology package definition.
Powertrain Configuration
Function 2010 Baseline Stop-Start P2 Parallel Powersplit
Engine idle-off Yes Yes Yes Yes
Launch assist No No Yes Yes
Regeneration No No Yes Yes
EV mode No No Yes Yes
CVT (Electronic) No No No Yes
Power steering Belt Electrical Electrical Electrical
Engine coolant pump Belt Belt Electrical Electrical
Air conditioning Belt Belt Electrical Electrical
Brake Standard Standard Blended Blended

Table 5.3: Transmission technology package definition.

icct
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Transmission

Launch Device

Clutch

Baseline Automatic
Advanced Automatic
Dry clutch DCT

Wet clutch DCT

Torque Converter
Multidamper Control
None
None

Hydraulic
Hydraulic
Advanced Dry
Advanced Damp

Blanket 3.5% improvement in
fuel consumption coming from
a combination of friction
improvements in future engines




Accelerating technology introduction

BT A% A AE £E A

I/J-L

HELNER  REEE G ERE

2009 4.2% 3.6% 25%
2010 8.3% 3.5% 38%
2011 13.7% 7.4% 52%

Source: 2011 EPA Fuel Economy Trends Report
AR 201 1 EEPARR I & 5r M A AR

2010 2012 2010 2010 2012

Ford Focus Ford Focus C-class diesel Audi A3 Audi A3
EcoBoost 2L 16L, 4cyl, 75kW 121, 4cyl., 77 kW
1.6L, ﬁ V?/yl., 74 1.0L, i V(\:/yl., 74 1.7L SS+DI+turbo+7DCT
1,185 kg 1,150 kg
SS+Dl+turbo
1,175 kg 1,195 kg M> /beT
M5 M5 14.4 km/l 20.1 km/I
14.6 km/I 21.4 km/l 17.4 km/I .. .
New powertrains introduced in Europe

I SYOEY T
IcCt T2 5 R G AE R
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Pace of Technology Innovation is Accelerating

SR BT AR AEAE IR

AR RIR RERiR = LA

2001 NRC &% 5-7% $250-400
| | u 215 BERN
RIS, AAIPLRIA-18bardR s |12-15%  [§342 B

INBIAE ORI DS,
FTED RIA-24barfi s [16-20%  |$550

- TR, 2fFRERK

A A
RIA-FIRIRIET o oy, $967

TEIA R -
2001 NRC % [3-4% $150-$300 ‘ o
4-614 H 322 H ]' FAS M I 2] i
RIA 3-4% ($15)
I RENE S RIA 4-6% ($164-223) N\ si4h A, Aok

i, AR I
FSAS ) B 38 A
o _= NRC Report is Effectiveness and Impact of Corporate Average Fuel Economy (CAFE) Standards, 2002
I cc t)raft RIA is for NHTSA/EPA proposed standards for 2017-25 light-duty vehicles 38
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