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Presentation outline
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= Background

= Automaker lightweighting developments (today)
= Lightweighting technology potential (2015-2025)
= Policy implications
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Basics on vehicle mass reduction
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= Primary drivers ‘ B
= Consumer demand for acceleration - EE%:QBZijj

performance, fuel savings, safety o BB HIEEERE, HEBRE, L ER
- Automaker compliance with efficiency s T TR R SR

and climate regulations

. More cost-effective technology step
before electric-drive

= Technology enablers = FHERA
- Advances in materials, manufacturing o EHHOARRIAE R AR GREIE, 4 wE)

techniques (steel, aluminum, plastics) N
=  Improvements in computer aided " BB TRNRSA B TR BRI K

engineering (CAE) model optimization it
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Background: Vehicle Efficiency
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= The modern car, at 15-20% efficiency, has many efficiency
losses — and many efficiency opportunities
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Sources: Lutsey, 2012; Kromer and Heywood, 2007; U.S. EPA (http://www.fueleconomy.gov/feg/atv.shtml)




Individual Technologies

Technology | Potential CO
Area Technology for CO, reduction 2
- share, MY2013| reduction

Low friction lubrication 0.5%
Engine friction reduction - 2-4%
Variable valve timing/lift 98% 4-6%
Cylinder deactivation 8% 5-6%
Engine Turbocharging 15% 2-5%
Turbo, gasoline direct injection 31% 8-15%
Cooled EGR, turbo, GDI - 20-25%
Powertrain Compression ignition diesel 1% 15-25%
Digital valve actuation - 5-10%
Early torque converter lock-up - 0.5%
. Optimized shifting - 2-6%
Transmission
6+ speed 61% 2-8%
Continuously variable 14% 8-11%
Dual-clutch, automated manual - 9-13%
Aerodynamics - 2-5% Indirect
Tire rolling resistance - 2-4% benefits:
Accessories (steering, air cond., alternator) - 1-4% powe rtr 6:li N
. Lower refrigerant emissions (low-leak, low-GWP) - 2-10% .
Vehicle : downsizing
. Advanced material component - 1-5%
Mass-reduction i i and cost
Integrated vehicle design - 5-10% g
Stop-start mild hybrid 2% 6-8% reduction

Hybrid systems _ i
Full hybrid electric system 4% 30-35%

(o]
I Cc Plug-in electric 0.6% 50-100%
ot 5
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Automaker Response to the Vehicle

Lightweighting Challenge
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Vehicle Lightweighting is a key strategy for efficiency
PGB 2 S B THFE H A A B 2 g 2 —

= Mass reduction is expected from every automaker
=  But some will do much more (and others will do less)

= Below are some public statements, anecdotes, quotes...

Quote, statement, or commitment

* From 2011 to 2020: “Full implementation of known technology... weight reduction of 250-750 Ibs”
* “The use of advanced materials ... offers automakers structural strength at a reduced weight to
Ford help improve fuel economy and meet safety and durability requirements 2009
+ “Reducing weight will benefit the efficiency of every Ford vehicle. However, it’s particularly critical
to improving the range of plug-in hybrid and battery electric vehicles

Tovota * 10-30% weight reduction for small to mid-size vehicles 2009
y * Up to 20% weight reduction from Toyota New Global Architecture over 2015-2025 2013
Volkswagen +  “Automotive light weight solutions are necessary more than ever to reduce CO, emissions 2008

«  “Multi-Material Concepts promise cost effective light weight solutions ”

* “One trend is clear - vehicles will consist of a more balanced use of many materials in the future,
GM incorporating more lightweight materials such as nanocomposites and aluminum and magnesium.” 2010
* Aims to shed 500 Ib from trucks by 2016, as much as 1000 Ibs in early 2020s

Mazda * Reduce each model by 220 Ib by 2015; another 220 Ib by 2020 2009

* Average 15% weight reduction by 2015
Nissan * “We are... expanding the use of aluminum and other lightweight materials, and reducing vehicle 2010
weight by rationalizing vehicle body structure

Renault,
Peugeot

ON CLEAN TRANSPORTATION

« Target of 440-Ib reduction (approx. 15%) by 2018 2012



Vehicle Lightweighting is a key strategy for efficiency
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o M2011220204F: “I= 4 E I FIRFA - 3 E250-750 Ibs”

Ford o “fHERSERERARL - IR G R AR T, DOAR R E B B R S R BRI IR B 2 e R 2009
IMEER
o WRERHGTEWES S8R, (B2, #BeiEASGRARIE M E s E R R R E
Tavot o X/ NRLB PRI B AR T10-30% 08 E 2009
oyota o 2015 20254F = H £ 74 BRAAG I R /s 20% 2013

C R A TR RCOHE R
VolksWagen .« pibhil i & (2T A AR E I i 2008

o “ANIEMTRER - NSRRGSR Z AR, S E ZRAIAEL, gk E &R 8.

GM = 2010
o HFRE20164E 2 BB ZE 0844500 b, 2020s%¥1 8441000 1bs

Mazda o 201542 HI, B EREEL220 1b; 202047 55 7N E£220 1b 2009

Nissan o 20154F 441 5% K 2010
o BAT-EAEY KRB EAMBRRA R, B S A AL S

L‘S{}g‘e‘& o 20184F2 i H #7440 IbJf H (K Z15%) by 2018 P

9



Vehicle lightweighting examples in production
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Weight
reduction

Weight
reduction

Designed market

Audi TT 3rd gen 2.0 TDI 2015
VW Golf TDI 2015
Lamborghini Huracan 2015
Acura MDX 2014
Nissan Leaf 2012
Audi A3 2014
GM Cadillac CTS 2014
Audi A8 2014
Porsche Cayenne 2012
Peugeot 308 SW Blue Hdi 2014
Ford F150 2015
Audi Q7 2014
Land Rover Range Rover 2014
BMW i3 EV 2014

50
49

78

111

80
80
111

145
181
140
318
363
420
249

4%
4%
5%
5%
5%
6%
6%
7%
8%
9%
14%
15%
16%
17%

UsS, EU
EU

UsS, EU

US
UsS, EU
UsS, EU

UsS
UsS, EU
UsS, EU

EU

UsS
US, EU
US, EU
UsS, EU

* Weights are compared to each vehicle model’s predecessor, except for BMW i3 EV,
which is compared to the conventional steel structure.
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Lightweighting technology

developments (2015-2025)
RPN R (2015-2025)
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Previous vehicle lightweighting research
REE L (1R PN

=  Previous technical assessments on mass-reduction involve major studies by
national US laboratories, OEM steel suppliers, OEMs with universities
" Data plotted as vehicle cost versus percent of vehicle mass reduced
. Each data point represents a different material/design approach to mass reduction
. Studies vary in technical rigor, transparency, comprehensiveness, crashworthiness validation
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Major new vehicle lightweighting research
FTESHBAENRR

= Lotus Engineering (CARB)
= Cost-effective 18-32% mass reduction at < $0/vehicle for Toyota Venza
= Includes crashworthiness safety (NHTSA FMVSS) validation
*  20105EWFFR BIHESE(-20%, -33% E & Toyota Venza)
= BTN %2 NHTSA FMVSS) (AE
= IEBALTTARIE 30%IBELS < $0/H3h%E
» FEV/EDAG (US EPA)
=  Technical assessment of -18% mass Toyota Venza at < $0/vehicle

= Includes crashworthiness safety (NHTSA FMVSS) validation and detailed tear-
down cost assessments

BRI 18% 8 E Toyota Venza 11.3% < $0/H3h%E
~ BT R A& (NHTSA FMVSS) PAIERTE AR A TF-flf
= EDAG /Electricore (NHTSA)
=  Technical assessment of -22% mass-reduced Honda Accord at $319/vehicle
= Includes crashworthiness safety (NHTSA FMVSS) validation
" FARTEE22%I8E Honda Accord 1E % $319/413h%E
»  WorldAutoSteel “Future Steel Vehicle”
= 12-18% mass reduction, no additional cost, with only using steels
= 12-18%JRE, {UEEANAS, ToHARSA
» George Washington University (NHTSA)
= 19% mass reduction from Chevrolet Silverado with advanced plastics, composites

» _ 19%E Chevrolet Silveradof et Rl AIE &4 6

icct .
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Vehicle lightweighting is hlghly cost-effective
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Major new state-of-the-art studies examine advanced materials, parts integration,
system-level holistic vehicle redesign

- High lightweighting potential, crashworthy designs, and diverse highly cost-effective approaches
m EDAG, FEV, Lotus, and FSV lightweighting cost results are shown below
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O Data from recent state-of-art studies
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Fuel Consumption/Greenhouse Gas

Standards Globally
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Global passenger car fuel consumption standards

H 50 FH 22 FE A

[

= Standards are driving efficiency technology innovation and deployment globally

" RS AR S R RI BOR B

“Se US 2025B1:4.4

Liters per 100 K flom eters Gasoline Equivalent)
nom alized to NEDC TestCycl

3 _______________________________________________________________________________________________________________________
2 _________________________________________________________
Solid lines:historicalperform ance
T Dashed lnes:enacted targets
‘Dotted lines:proposed targets ortargets under study
O f T T T T 1
2000 2005 2010 2015 2020 2025
icct
I CC Supporting data and assumptions at 16
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Form of standards varies widely across regions

AR X R R TR 2 A AE ]

/ Regulated metric Attribute Form Categories,
Country
: classes, other
Reglon Fuel Fuel : : . . ici
E . CO,/GHG | Weight | Footprint | Class [ Continuous Bins provisions
conomy | Consumption
X X X

European Eco-innovations,
Union?# super-credits
: 2WD, AC credit,
LSJmted X X X X X FFV/ES8S5, alternative
tates fuels
Japan X X X Averaging within bins

Transmission, per-
China X X X X vehicle limits =
corporate average

AC credits, alternative

Canada X X X X fuels

SOUth* X X X X Eco-innovations
Korea

Mexico X X X X

India X X X

#: CO, standards complemented by Air-conditioning, tyre pressure monitoring, gear-shift indicators etc.

o)
I Cct *: FE/CO, standards include consideration for tyre pressure monitoring, gear-shift indicators
17
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Weight vs. footprint based vehicle standards
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= Weight-based standards reduce incentive to reduce weight

" BT PR RIS AR R ERR TS T, HARSOR AL

Weight-based target system Footprint-based target system

V'S

[g/km] 60% target line 60% target line

-6 g/km

If manufacturer applies
weight reduction, most of
the CO,-reduction effect is
taken away due to more
stringent CO, target

Manufacturer fully
benefits from the
CO,-reduction effect
of lightweighting

>
vehicle weight vehicle size [m2]

icct el .
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Estimating lightweighting and material trends
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US regulatory agencies are projecting a trend for ~10% average vehicle

weight reduction for new vehicles in by 2025

. Result from technology innovations (independent of fleet shifts in vehicle size)

. OEMs using far more AHSS, aluminum, composites to achieve lightweighting goals

SREEEER B 220254137 P24 B BRI R 2910%
= BARGIFIER L TERRTRN)
- T EHMEAESNEREREN. B AR ER

" All else

" Plastic/composite
“ Aluminum

¥ HSS/AHSS

4000 1800
) —
= 1500 g‘)
+« 3000 ~
< »
S 1200 @
= =
© 2000 900 o
L2 ©
<
g 600 'ch
1000 >
300
0 0
2000 2005 2010 2015 2020 2025

See US EPA and NHTSA 2010-2012 rulemaking analysis, Wards material trends;

Ducker Worldwide steel and aluminum trends, 2010-2012; Scheps, 2011
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Conclusions
2518

= Lightweighting is a mainstream, cost-effective efficiency technology

. Innovations in materials, manufacturing, computer-aided engineering are opening up
new frontiers for lightweighting to increase efficiency without compromising safety

. Lightweighting advances are especially critical for 2020+, electric vehicles
= Regulatory design matters
. Lightweight technology would be better promoted globally with size-based standards

" RENRAERN. RAETFR@mENEAR
= RN MITTEALHEHURE TRKCH AR YR L SR TR SRRk
B RUR AR
= REAKERN0204 2 JFHEEARHSNE RN EE
" BOREHERItEER
- BRRABAEET RTIHAREER T RGBT R
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Resources and links to lightweighting studies

SRR BT R R

2 Rulemakmg / BURHIRE:

Environmental Protection Agency (EPA) and National Highway Traffic Safety Admin. (NHTSA)
= http://www.epa.gov/otag/climate/regulations.htm

California Air Resources Board (CARB)

= http://www.arb.ca.gov/regact/2012/leviiighg2012/leviiighg2012.htm

= Lotus report: http://www.arb.ca.gov/msprog/levprog/leviii/leviii.ntm

Technical lightweighting studies, peer reviews:

= http://www.epa.gov/otag/climate/strategies-vehicle.htm

*» FEV EDAG: http://www.epa.gov/otag/climate/documents/420r12026.pdf

= NHTSA EDAG: ftp://ftp.nhtsa.dot.gov/CAFE/2017-25_Final/811666.pdf

. Other resources /HALEIR:

icct

THE INTERNATIONAL COUNCIL
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ICCT lightweighting links, reports

= Lightweighting papers: http://theicct.org/vehicle-mass-reduction-resources

= Lotus Phase 1: http://theicct.org/sites/default/files/publications/Mass_reduction_final_2010.pdf

=  World Auto Steel FSV: http://c315221.r21.cfl.rackcdn.com/FSV-EDAG_Phase2 Engineering_Report.pdf
Mock, 2011. Evaluation of parameter-based vehicle emissions targets in the EU

» http://theicct.org/evaluation-parameter-based-vehicle-emissions-targets-eu

Lutsey, N., 2010. Review of Technical Literature and Trends Related to Automobile Mass-Reduction Technology.
= http://pubs.its.ucdavis.edu/publication_detail.php?id=1390

German and Lutsey, 2010. Size or Mass? The Technical Rationale for Selecting Size as an Attribute for Vehicle
Efficiency Standards

= http://theicct.org/size-or-mass-technical-rationale-selecting-size-attribute-vehicle-efficiency-standards
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