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IBIS - Automotive BIW History

BIW Material Systems Lifecycle Costs

* Multiclient study for OEMs, material suppliers, Tier 1's

* Primary manufacturing, operation, disposal/recycle costs
« Comparative economics: steel, aluminum, composite

ULSAB vehicle-concept manufacturing costs
DOE, PNGV, FreedomCar

* Forward looking analysis of developmental technologies
« Selection of vehicle systems; power-wgt interrelationships
« Conventional, hybrid, electric, fuel cell powertrains

* Multiple vehicle classes
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Workplan

* Review and modification of existing baseline scenarios

« Characterization of Hybrid and Diesel scenarios for comparison
— ICE (gas & diesel) and electric motor specifications and costs
— storage batteries, controllers, electrical system requirements
— transmission, clutch, differential, tire, and brake system differences
— diesel engine, NOx control, particulate emission equipment

« Development of model structure

« System requirement relationships

« Data collection

« Cost model refinement

* Review scenario, process assumptions with AA technical team
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Scenario Definitions and Assumptions

Conventional
ICE Hybrid Diesel

= PArar;
ol SN[

— Structures remain essentially the same across powertrain types
> Structures consistent with previous body analysis (P2000)
> Update aluminum and steel material prices
— Incorporate component differences by engine type
> Hybrids: controller/inverter, elec. Motors, battery systems
> Diesels: Oxidizing catalysts, NOx reduction, PM traps
— Address “performance equivalence”
> Mass reduction impact on fuel economy based on known relationships
> Diesels & Hybrids relative to conventional gasoline from existing data
> Flex-fuel systems to be treated as additional cost, but equivalent performance
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Baseline Steel and Aluminum Conventional ICEs

ARY

Midsize Steel Baxeline
ICE Midsize Steel Unibody

Midsize Aluminum Bameline
ICE Midsize Aluminum nibody

Midsize Steel Baseline |Midsize Aluminum Bzseline Differentinls
Mazs Cost Mass Cost Mazs Cost Mazs Cost
(ko) () (ko) () kg) () (%) (%)
Body 433 $2,665 270 $3,250 163 -§a85 35% -22%
E noine 233 3,13 201 $2,691 33 440 14% 14%
Eneryy Storage 23 FE6 19 Fa6 3 kize] 14% 14%
Transmission i) 1,197 76 1,169 12 F28 14% 2%
Drivesha tiDifilAxle 100 $1,303 99 $1,302 o kil 0% 0%
Cradle 35 ja2 il $133 14 551 41% -B2%
Comer Suspension 47 F218 40 $187 7 F21 15% 10%
Braking System 48 FHE 4 FITE T $39 15% 9%
Steeting System 28 javz il 489 B $a83 22% 14%
Fuel P% Cost o $9,578 o $a,325 o F0 0% 0%
TOTAL M ANUF ACTURING 1,933 $15,351 1,272 §15 469 260 -F&E 17% -1%
RETAIL PRICE 0§24 534 0§24 8657 o -§123 0% 0%
TOTAL OWHERSHIP o F0 o F0 o F0 0% 0%

Midsize Steel Baseline |Midsize Aluminum Bzseline Differentials

Mazs Cost Mass Cost Mazs Cost Mazs Cost
(k) () (ko) () kg) () (%) (%)
BhY Structurs 272 $1,405 145 1,816 128 -5 47% -28%
E noine 233 3,13 201 $2,691 33 440 14% 14%
Batteries 23 F66 19 F56 3 9 14% 14%
E xhaust & Emissions a8 700 58 700 1] F0 0% 0%
Wehicle Total 1,531 §15,381 1,272 415,469 260 E1L] 1% -1%|

Mazs Cost Mazz Cost

System Mame (ki &3] System Mame k) [£3]

TOTAL MANUFACTURING 1,511 $15,3m1 1,272 $15,469
RETAIL FRICE $24 534 24,657
TATAL OWHNERSHIF 0 0
Powerirgin 572 7433 602 $6,959

Engine W6 DOHC ALiaL 233 $313 W6 DOHC ALSAL 2m $2,691

E nergy Storage Lead-&.cid, standard 23 FE6 Lead-&cid, standard 19 Fa6

Fuel System Gazoline a1 378 Gasoline 74 f362
Transmission Automatic, 4 speed car g8 1,187 Automatic, 4 speed car 76 1,169

PIT Thermal Generic car 29 150 Genetic car 29 150
Driveshatt/Difit:le generic 100 §1,303 genetic 99 §1,302
Cradle Sheet steel 35 ja2 Extruded aluminum 2 $133

E xhaust System generic 45 F300 genetic 45 F300

Qil and Greaze generic 15 25 genetic 15 25

P oaertrain Electronics generic 10 400 genetic 10 400
Emiszion Cortrol Electronics geneic 10 F400 genetic 10 F400
Hody| 433 $2 665 270 $3,250

Body-in-White Midzize Steel Unibody 272 §1,405 idzize Aluminum Unikbody 143 1,816

Panels Stamped Steel Mid g4 230 Stam ped Aluminum id 52 378

Front/Rea Bumpers Sheet steel 9 $30 E xtruded aluminum =1 Fa0
Glazs Coreentional , 4mm 37 F230 Corentional, 4mm 37 F230

P airt Solventhorne, avg color (A F430 Solventhorne, avy color (A F430

Extericr Trim generic 9 Fa0 genetic 9 Fa0

Body Hardwere generic 9 226 genetic 9 226

Body Sealers and Deadeners geneic 2 F24 genetic 2 j28
Che x| 205 §1.522 175 §1,468

Corner Suspension generic 47 F218 genetic 40 $187
Braking System ABS 48 FHE ABS 4 FITE
Wheels and Tires genetic steel g2 F317 aluminum 15" 76 407
Steeting System generic 28 Fav2 genetic 2 459
Interior 156 $2156 156 $2,156

Instrum ent P anel generic 25 $110 genetic 25 $110

Trim and Inzulation generic 23 429 genetic 23 429
Door Modules generic 26 220 genetic 26 220

Seating and Restraints generic 62 $1.122 genetic 62 1,122
HWAC generic 2 275 genetic 2 275

Electrical 27 $1,000 27 $1,000

Irtetior Electrical generic 9 400 genetic 9 400
Chassiz Electrical generic 9 F400 genenic 9 F400

E :terior Electrical generic ] F200 genetic ] F200
Final 40 605 40 605
Interior to Body ‘Word Class Interior 5 140 World Class Interior 5 140
Chassis toBody World Class Chassis 10 a0 World Class Chassis 10 a0
Powertrainto Body|  World Class P owertrain 10 a0 World Class Powettrain 10 a0
Electronics to Body|  Wodd Class Electronics 5 a0 ‘Warld Class Eledronics 5 a0
Cther System s to Bodyporld Class Other Systems 10 F205 | Word Class Cther Systems 10 F205
Overhead 0 $9,153] | 0 $9,188
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Hybrid Vehicle Data Collection

* Characterized the
components and cost for
(9) production hybrids

* Four (4) systems
compared to non-hybrid
equivalents, in detail

IBIS Associates, Inc.
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Tayota Honda Fard Chewy
Prius Accoard Escape Silverado
Base ICE Engine 1.6L 14 3.0L VB 23L14 5.3Lva
a7 KW 178 kKW 99 ki 220 kW
Mass (ka) 91 kg 288 kg 189 kg 241 ko
Cost ($) $1,191 $3,807 $2,084 $4,723
Electric Motor/Generator Femmanent mag AC 16 hp 84 hp flywheel alt/starter
a0 kW 12 kW 70 kKW B kW
Mass (ka) 375 kg 9 kg 929 kg 4.8 kn
Cost ($) $625 $150 $875 §75
Total Met Power 110 hp 255 hp 185 hp 295 hp
82 kW 190 kKW 116 kW 220 kW
InverterfCantraller
Mass (ka) 23 kg 5.52 kg 322 kg 276 kg
Cost ($) $609 $345 $748 $304
Battery System 21kW, 201.6%, 1.3k 13 BkW, NiMH 0.87kY38kW, 330V NIMH |3 lead acid, BO0CCA
500 v 144 v 330 v 42 v
Mass (ka) 38 kg 27 ko B6.3 kg G5 kg
Cost ($) $osd $2,347 $1,755 $98
Transmission ECWT asp Automatic auta CWT 4 sp Auto
Mass (ka) 41 kg 126 kg a8 ko 144
Cost ($) $1.323 $1,335 $1,374 $1,113
Tires 16" alloy
Mass (ka) 9 kogitire 10 koitire 15 kgitire 158 koitire
Cost ($) 110 ftire 119 $itire 130 ftire 132 ftire
vehicle Mass 1250 kg 1891 kg 1644 ko 2276 kg
MSRP $21,728 $26,990 $26,900 $28,580




Hybrid Scenario

. . Relative power of Total Elec Moter Battery
() Develop hyb”d equ|va|ent hybrid components Powertrain Engine Power  Power System
to Contour-baseline Prius 100.00% 69.09%  60.91%  25.58%
° Characterize relative pOWGf Camry 100.00% 76.56% 73.28%  20.94%
SiZing Of System Highlander 100.00% 77.61% 61.50%  25.00%
Components for hybnds Rx400h 100.00% 77.61% 61.50%  25.00%
° Camry used fOI’ Component Insight 100.00% 89.04%  23.86% 25.33%
Sizing basis Civie 100.00% 86.36%  12.18% 16.81%
. . Accord 100.00% 94.12% 6.31%  7.25%
* Hybrid case built from the
pOWGI’ rating Of the previous Escape 100.00% 85.81% 60.52%  33.72%
base“ne Silverado 100.00% 100.00% 2.73%  1145%
— For reference, current
Camry Hybnd Previous baseline - -
to wheels : 143 kW engine: p
engine: 110 kW to wheels 106 kw 142 hp
glet? motor: ]é%skl\jt//\/ Hybrid equvalent, based on Camry power profile
attery sys: to wheels 102 kw
engine 78 kw 105 hp
elec motor 75 kw 100 hp
battery system 21 kw
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Diesel Scenario Definition

« Data collected on diesel engine and after treatment
manufacturing costs

— Most detailed data from EPA study cost projections on
differential manufacturing costs

— High correlation between OEM experts’ opinions and results
In trade studies (EPA, ORNL, MIT) on cost

« Mass differential more difficult to quantify
— Engine equivalency unclear
— Block material differences by displacement (Al, CGlI, Nod.lron)

* 30-40% fuel economy improvement often cited and
supported by European real world data (33% used in
analysis)
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Diesel Data — differential manufacturing costs

Incremental powertrain costs

Component SUV Midsize
add high pressure, common rail diesel fuel injection system $980 $630
less gasoline fuel injection system -$245 -$185
add variable geometry turbocharger $175 $126
less gasoline ignition system -$120 -$75
less fuel pump and other fuel system changes -$94 -$75
additional powertrain mounting system $87 $107
other engine changes $80 $70
add air intercooler, ducts, and sensor %80 %55
Increase battery starter, add glow plugs $72 $50
less exhaust gas oxygen sensor -$60 -$30
add supplemental heater $50 $15
modify transmission $25 $25
enhance sound insulation package $25 $10
reduce radiator -$13 -54
Total $1,042 $739
Incremental exhaust treatment costs

SUV Midsize
substrate cost difference (wall flow vs flow through) $210 $130
OBD and regeneration system difference $100 $100
Coatings (PGM and Adsorbant) difference $45 $25
Total $355 $255

This data compiled based on current diesel performance (45 state compliance)

Relative to
conventional 3-
catalyst flow
through
system, approx
$400 base cost

OBD = On Board
Diagnostics

PGM = Platinum Metal
Group materials

$100-$375 additional cost estimated for urea-injection (50 state compliance) (low value +$100 used in current analysis)
Approx $560 estimated additional cost for 2012 lean burn engines w/o urea (expected 2% increase in fuel economy)

IBIS Associates, Inc.
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Diesel Scenario Modeling Differences

Midsize Steel Baseline Midsize Steel Diesel Differentials
ICE Midsize Steel Unibody ICE Midsize Steel Unibody

hass Cost hass Cost hass Cost hass Cost
System Mame {keg) i System Mame (k) i (k) i (%) (%)
TOTAL MANUFACTURING 1,583 $15,281 153% $16,465 -3 -$1,074 0% 7%
RETAIL PRICE $24 534 $26 037 -$1,503 6%
TOTAL OWNERSHIP $0 $0 $0 0%
Powerirain 672 $7.433 674 $53,499 -2 -$1,066 0% -14%
Engine W-6 DOHC ALJAL 233 $3,131 W-6 DOHC ALJAL 236 $3,873 -2 -§742 1% -24%
Energy Storage Lead-Acid, standard 23 $66 Lead-Acid, standard 23 $66 ] -$1 -1% 1%
Fuel System Gasoling 31 $379 Diesel £6 $345 15 $34 18% 9%
Transmission|  Automatic, 4 speed car 85 $1,197 Automatic, 4 speed car 29 $1,1909 -1 -§2 -1% 0%
PIT Thermal Generic car 24 $150 Generic car 29 $150 ] $0 0% 0%
Crives haft/ Difff Axle genetic 100 $1,3203 genetic 100 $1,3203 0 $0 0% 0%
Cradle Sheet steel £is) $a2 Sheet steel Kl 353 ] $0 -1% 1%
Exhaust System generic 43 $300 generic 45 $300 ] $0 0% 0%
Qil and Grease generic 15 $25 generic 15 $25 ] $0 0% 0%
Powertrain Electronics generic 10 $400 generic 10 $400 ] $0 0% 0%
Emission Control Electronics generic 10 $400 Part Trap, MNox wildrea 23 $755 -13 -$355 -130% -89%

» Notable difference in Diesel cost are
— (+) engine cost (diesel has more torque, but same hp and mass)

— (+) emission control

— (-) fuel system cost

IBIS Associates, Inc.
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E85 / Flex Fuel Vehicles

Unclear how to compare to fuel economy
Improvement technologies ...

... because it makes fuel economy worse

« E85 has 72% energy content of gasoline
— 20-30% fewer miles per gallon
— But average $0.30/gallon less cost of fuel
* No additional cost added to vehicle price

— Less than $150 in equipment modifications
> Fuel monitoring, injection & combustion controls
> Corrosion resistant elements (injector heads, piston rings)
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Scenario Comparison

Midsize Steel Baseline Midsize Aluminum Baseline |Midsize Steel Hybrid Midsize Steel Diesel Midsize Aluminum Diesel Midsize Aluminum Hybrid
Mass Cost Mass Cost Mass Cost Mass Cost Mass Cost Mass Cost
{ka) (41 {ka) ($) {ka) ($) {ka) ($) {ka) (41 {kg] ($)
Body 433 $2 665 270 $3,250 433 $2 665 433 $2.665 271 $3,245 271 $3,250
Engine 233 $3.131 201 $2 691 167 $2,244 236 $3873 203 $3.430 144 $1,925
hotor 76 $1,267 65 $1.087
ControllerfInverter 47 $965 40 $566
Energy Storage 23 $66 19 $56 49 $1,303 23 $66 20 $57 42 $1.119
Transmission 83 $1.197 76 $1.163 93 $1,207 89 $1.199 76 $1.171 g0 $1.178
Driveshaft/Diffifxle 100 $1,303 99 $1,302 100 $1,304 100 $1,303 99 $1,302 100 $1,303
Cradle 35 $a2 21 $133 3B $a4 35 $83 21 $135 21 $137
Corner Suspension 47 $218 40 $1a7 49 §223 48 $219 41 $199 42 $202
Braking System 48 $418 41 $376 a0 f425 48 418 41 $379 42 $3a5
Steering System 28 $572 21 $459 29 £591 28 $576 22 $495 23 $507
Fuel PY Cost $5.047 $7.338 $5,831 $6,051 $5.515 $5.315
TOTAL MANUFACTURIN 1,532 $15,381 1,272 $15,469 1,577 $17.876 1,535 $16455 1279 $16,546 1,313 $17.539
RETAIL PRICE $24 534 $24 657 $28,026 $26,038 $26,164 $27.554

IBIS Associates, Inc.
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Scenario Comparison

Midsize Steel Baseline

Midsize Steel Hybrid

Midsize Steel Diesel

Midsize Aluminum Diesel

Midsize Aluminum Hybrid

Wlass Cost hass Cost Wlass Cost hWlass Cost Wlass Cost hWass Cost

{kg] (%) (ka) ($) {kg] (%) {kg] i$) (kg ($) {kg] ($)

BIW Structure 272 1,405 145 1,816 272 1,405 272 1405 145 1,816 145 1,816
Powertrain 314 3897 278 3447 a7s 5,382 330 4 994 294 4 542 330 5,592
Engine 233 3,131 201 2691 167 2 244 236 3873 203 3,430 144 1,925

Matar 76 $1,267 85 $1.087

Cortrollerflnverter 47 $965 40 $366

Batteries 23 $66 19 $56 49 $1,303 23 $66 20 =7 42 $1.119

Exthaust & Ermissions 53 $700 58 F700 39 $602 71 $1.055 71 $1,055 39 $5395

Vehicle Total 1,632 515,381 1,272 $15,469 15677 $17 B76 1,635 $16,455 1,279 516,546 1,313 $17 539
Engine Pawer kit 146 125 105 147 127 90
Elec Motor Powier KW 0 0 101 0 0 g7
Wehicle mpg (city) 211 229 301 269 291 325
Wehicle mpg () 302 335 3.7 378 420 351
WVehicle mpg (comp) 252 277 348 335 368 38.2
Fuel tank size (gallons) 185 16.8 134 13.9 127 12.2
Wehicle range (miles) 466 466 466 466 466 466
Comp MPG improv ement 10% 8% 33% A6% 51%
CostHmpg increment $36 $260 $129 $101 $166

City MPG improvement 8% 42% 27% 38% 54%
CostHMmpg increment 351 $250 $186 $146 $1390
Huwy WMPG improvement 1% 5% 25% 39% 16%
CostMmpg increment 326 $1.673 $140 395 $434

IBIS Associates, Inc.
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Cost per Incremental MPG Improvement
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©
N
Ul
o

$200

$150

Cost per 1 MPG increment
&
H
o
o

$50

w Midsize Aluminum Baseline
(Simple Substitution)

Bl Midsize Aluminum

(Secondary Weight only)
(no secondary cost save)

9 Midsize Aluminum
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Cost per 1 MPG increment

Cost per Increment versus Total Potential Gains
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Cost per Incremental City MPG Gains
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Midsize Steel Hybrid

Midsize Steel Diesel

Midsize Aluminum Hybrid
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Cost per Incremental Highway MPG Gains

Midsized Steel Hybrid

]
§ @ approx $1600.
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Relative Cost for Fuel Economy Improvement (avg mpc)

Cost/MPG Increment - Avg

$300.00
$250.00
$200.00
$150.00

$100.00

Cost per 1 mpg increase

$50.00

$0.00

Midsize Aluminum Midsize Steel Hybrid Midsize Steel Diesel Midsize Aluminum Midsize Aluminum
Baseline Diesel Hybrid

Body and Powertrain Scenario
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Relative Cost for Fuel Economy Improvement

Costl1 MPG Increm ent - City

F300.00

F2E0.00

F200.00

F150.00

FI00.00

Cost per 1 city mpgincrease

.00
Mids e Aluminum B as eline Mids e Steal Hybrid Midsize Steel Diesal Midsize Aluminum Diesel  hMidzize Aluminum Hybrid

Body =nd Powertrain Scenario

Costl1 MPG Increm ent - Hwy
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1,200.00
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F200.00
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Conclusions

e Lightweighting through Aluminum usage:

— Most effective approach to fuel economy improvement
> Simpler, less costly than alternative powertrains
> For moderate MPG improvement
— Synergistic with Diesel and Hybrid powertrains
> Reduced body mass yields reduced engine power demand
+ Lower cost powertrain
+ Compounded by secondary and tertiary mass/cost savings
> Results in substantially better MPG than steel BIW versions
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Appendices

Additional Detail and Background Data
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Scope — Vehicle System Elements

Body Powertrain Chassis Final Assembly Overhead
Body-inWhite Engine Corner Suspension Interior to Body OEM Overhead
Panels Fuel System Braking System Chassis to Body Dealer Cost
Front/Rear Bumpers Transmission \Wheels and Tires Powertrain to Body
GClass Driveshaft/Axle Steering System Electronics to Body
Paint Differential Cradle Other Systems to Body
Exterior Trim Exhaust System Operation
Body Hardware Qil and Grease Financing PV Cost
Body Sealers and Deadeners Insurance PV Cost
Local Fees PV Cost
Interior Electrical Fuel PV Cost
Instrument Panel Interior Electrical Replacement Battery PV Cost
Trim and Insulation Chassis Electrical Maintenance PV Cost
Door Modules Exterior Electrical Repair PV Cost
Seating and Restraints Powertrain Electronics Disposal PV Cost
Emission Controls
HVAC
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System Cost Results - detailed

VEHICLE LIFECYGLE

COST SUMMARY

IBIS Associates, In

Bamline Steel Baseline Aurminum Differentials
Zasoling |ICE Midsize Steel Unibody Zasoline ICE Midzize Aluminum Unibody
Mass Cost Mass Cost Mass Cost Mass Cos{]
Syztemn Hame gy il System Mame gy (3] gy 1] %) (%
TOTAL MANUFACTURING 1,584 $14,871 1,288 $14,974 275 -F0z ATE1% 0LED%)
RETAIL PRICE 23,819 F23,96 -§144 LG 1%)
TOTAL OWHNERSHIP 51,520 50,344 F1,176 2.28%)
Povertrain Fo1 6,902 B17 FE6.495 24 B2 11.08% 6.70%]
Engine WG DOHC CICI 257 2,835 W6 DOHC CUCI 219 F2,160 o) FTE 14.78% 14.75%)
Energy Storage Lead-Acid, standard 12 L) Lead-Acid, standard G 6 2 e 14.78% 14.75%|
Fuel System Gasoline , 18.5 gal == e =) Gasoline, 17 gal a2 bieria) =} 1z F.03% 2.09%)
Trans missjon|  Automatic, dspeed car 72 1177 Automatic, 4speed car &7 F1,151 12 26 14.78% 2.22%)
FIT Thermal Generic car 2 F150 Generic car 2 F150 o 0 0.00% 0.00%)
Crrivess hatbd D it fosde generic 110 1,297 generic ==} 1,304 11 =k 0.50% 0L00%)
Cradle Sheet steel s} a3 Extruded aluminum al F13H 15 851 H.70%
Exhaust System generic 42 F200 generic 42 F200 u} 0 0.00%
Oil and Grease generic 5 25 generic 5 25 u} 0 0.00%
Fanertrain Electronics generic 0 F400 generic 0 400 u} 0 0.00%
Emiszion Cortrol Electronics generic 0 F400 generic 0 400 u] 0 0.00%
Eody 433 2,665 270 F3.205 62 B0 27.58%
Body-ir il hite Midsize Steel Unibody 272 1,405 idzize Aluminum Unibody 1495 F1.816 128 i 45.28%
Faneks Stamped Steel Mid =2 Fz20 Stamped Aluminum Mid 52 pieri) 2z -F14a 33.10%
Front/Rear Bumpers Sheet steel a 20 Extruded aluminum =} a0 4 -F20 40.00%
Glass Conventional, 4mm 7 F250 Corertional, 4mm 7 F250 o 0 0.00%
P aint Sohentborne, awg color 1 F400 Sohb on A, avg color 1 ) u} -H5 0.00%
Exteriar Trim generic a 0 generic a a0 u} 0 0.00%
Body Hardware generic a G generic a e u} 0 0.00%
Body Sealers and [eadeners generic 2 F24 generic 2 29 u] -5 -19.57%
Cha=sis| 207 1,557 178 F1.H3 20 B 12.80%
Corner Sus pens jon generic 42 Fz0 generic 40 F1o02 g 22 15.96%
Braking System ABS Bl F0 ABS H B 8 g AB.37%
Wheek and Tires generic steel =r3 M7 aluminum 15" 75 07 =} -g0 TT1%
Steering System generic 28 Fo20 generic 2 a1 7 29 23.495%
Irterior 155 2,155 156 F2,155 a 0 0.00%
Ins trument Panel generic 25 F110 generic 25 F110 u} 0 0.00%
Trim and Ins ulation generic 22 F420 generic 22 20 u} 0 0.00%
Droor Modules generic 205 Fz0 generic 205 Fen u} 0 0.00%
Seating and Restraints generic [=r3 1122 generic [=r3 F1122 u} 0 0.00%
HWALC generic 21 FIFE generic 21 275 u] 0 0.00%
Bedrical sl 1,000 sl 1,000 a 0 0.00%
Interior Electrical generic a F400 generic a 400 u} 0 0.00%
Chassis Electrical generic a F400 generic a 400 u} 0 0.00%
Exterior Electrical generic a F200 generic a F200 u] 0 0.00%
Final As=rmbly 40 FEOS 40 605 a 0 0.00%
Interior to Body Wiorld Class Interior 5 F10 Wiorld Class Interior 5 F140 u} 0 0.00%
Chassis to Body Wiorld Class Chassi 0 0 Wiorld Class Chassis 0 20 u} 0 0.00%
FPamertrain to Body|  World Class Powertrain 0 0 Wiorld Class Powertrain 0 20 u} 0 0.00%
Electronics to Body| Warld Class Electranics 5 =0 Wiorld Class Electronics 5 0 u} 0 0.00%
Other Systems to Body [forld Class Other Systems 0 F205| World Clazs Other Systems 0 205 u} 0 0.00%
Overhead a $5.995 a F5.990 a il 0.00%
OEM Cheerhead Baseline o 3,000 Bazeline o 3,000 o 0 0.00%
Crealer Cost Function of hifg. Cost x) Fi=sc) Function of hifg. Cost a 5020 x) ol 0.00%
Operstion 27,700 F26,330 a 1,320 0.00% 477%)
Financing P Cost Baseline F12.8210 Bazeline 18,96 o -§144 0.00% 0.7 T%)
Irsurance P Cost Baseline F12,050 Bas eline F12,050 o 0 0.00% 0.00%)
Local Fees P Cost Baseline 1,928 Bazeline F1.935 o -§3 0.00% 0.230%)
Fuel P\ Cost Baseline 8,342 Bazeline F8.071 o 1,272 0.00% A2.61%)
bairtenance P Cost Baseline 3,891 Bas eline F2.891 o 0 0.00% 0.00
l C . Repair P\ Cost Baseline FE10 Bazeline 210 o 0 0.00% 0L00%)
Disposal PV Cost Baseline -F21 Bas eline 577 u} 56 0.00% 26T .28%)
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System Cost Results - differentials

Baseline Steel

Baseline Aluminum

Differentials

Mass Cost Mass Cost Mass Cost Mass Cost

(kg) (%) (kg) (%) (kg) (%) (%) (%)

Body 433 $2,665 270 $3,295 163 -$630  37.58%  -23.63%

Engine 257 $2,635 219 $2,160 38 $376 14.78% 14.78%

Energy Storage 18 $53 16 $45 3 $8 14.78%  14.78%
Transmission 79 $1,177 67 $1,151 12 $26 14.78% 2.22%
Driveshaft/DifffAxle 110 $1,397 99 $1,304 1 $93 9.59% 0.00%

Cradle 36 $83 21 $134 15 -$51 41.70% -60.75%

Comer Suspension 48 $220 40 $198 8 $22 15.96% 10.16%

Braking System 49 $420 41 $377 8 $43 16.37% 10.13%

Steering System 28 $580 22 $491 7 $89 23.45%  15.36%

Fuel PV Cost 0 $9,342 0 $8,071 0 $1,272 0.00% 13.61%

TOTAL MANUFACTURING 1,564  $14,871 1,288  $14,974 275 -$103 17.61% -0.69%
RETAIL PRICE 0 $23,819 0 $23,964 0 -$144 0.00% -0.61%
TOTAL OWNERSHIP 0 $51,520 0 $50,344 0 $1,176 0.00% 2.28%

IBIS Associates, Inc.
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Impact of Mass Savings

Engine Power vs Glider Mass
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Value of Mass Savings

Baseline Steel

Baseline Aluminum

Mass Cost Mass Cost
(kg) ($) (kg) (%)
BIW Cost (w closures) 356 1635 197 2,185
Total Mfg Cost 1,064  $14,871 1,288 $14,974
Baseline Steel Baseline Aluminum
Calc avg mpg 21.7 25.1

Only Structure and Closure Differences

Cost of mass savings (BIW only) ($/kg) $3.51 ASSUMes Secondary mass Saings
_ _ as addressed in the analysis, but

Secondary Mass.Sa\nngs,.but no sec cost savings |_does include the associated

Cost of mass savings (vehicle) ($/kg) $2.03| | secondary cost savings.

Cost of mpg improvement {($/mpg) $163.67

Secondary Mass and Cost Savings This cost includes both the cost

Cost of mass savings {vehicle) ($/kg) $0.37[~ premium of the Aluminum

Cost of mpg improvement ($/mpg) $30.09| |structure and the secondary

IBIS Associates, Inc.
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HSS BIW Component Detalil

Old Thk MNew Thk| Old Mass Mew Mass| Mass Save Mo pes| Tot Mass Save| Old Cost MNew Cost Cost &
Part# Description Old il e hitl mrn mrn lhs lbs Ibsipiece {unit) Ib sfunit $/unit $iunit $iunit
Class D:

92 Reinforced Anchor Front Floor HELA DF780 14 1.35 337 3033 0.337 2 0.67 $13.02 $15.02 $2.00
180 Filler Flr Side Inner HELA DF780 125 1.125 338 3042 0.338 2 0.68 $13.37 $15.52 $2.14
181 Reinf Flr Side Inner HELA DF780 07s 0675 313 2817 0313 2 0.63 $14.05 $16.61 $2.56
216 Reinf Roof Side Rail HELA DF780 1 09 256 2394 0.266 2 0.53 $12.27 1457 $2.30
206 Reinf Center Pillar HELA DF780 125 1.125 532 4788 0532 2 1.06 $16.76 $19.43 $2 66

Class C:

71 Ext Front Fender Apron Mild Steel  DPSS0 1 053 274 25482 01918 2 0.38 $12.42 $13.54 $1.13

33 Reinf Member Floor 5D Inr Frt HELA DP530 2 1.86 565 5.2645 0.3955 2 0.79 $22.60 $23 .46 $0.86

20 Front Rail Inner RH Mild Steel  DPSS0 138  1.2834 983 91419 0.6881 1 0.69 $15.558 $16.55 $0.96

75 Reinf Rail Inner RR 0 DP5S0 0 0 0 0 0 2 0.00

54 Member Front Cross @ Dash Panel Mild Steel  DPSS0 (IR 0.744 24 22413 0.1687 1 017 $6.12 §6 65 $0.54

50 Ext Floor 5D Member FT Mild Steel  DPSS0 175 16275 507 471581 0.3549 2 0.71 $15.18 $16 67 §1.49

17 Front Rail Inner LH Mild Steel  DPSS0 138  1.2834 983 91419 0.6881 1 0.69 $15.558 $16.55 $0.96

22 Reinf Front Fender Apron RH HELA DP530 075 0BY7A 077 0.7161 0.0539 1 0.05 $2.68 $2.71 $0.03

23 Reinf Front Fender Apron LH HELA DP530 075 0BY7A 1.4 1.302 0.098 1 0.10 $3.37 §3.42 $0.06

62 Ext Dash Panel LHD Mild Steel  DPSS0 (IR 0.744 389 36177 02723 1 0.27 §7.85 $5.20 $0.65

81 Member Floor Side Center HELA DP530 1 053 24 22413 0.1687 2 0.34 $11.80 $12.87 $1.07

85 Member Front Floor Cross HELA DP530 1 053 1.41 1.3113 0.0987 2 0.20 $6.43 §6.55 $0.11

87 Member Front Floor Cross RR LWR Mild Steel  DPSS0 1 053 1.14 1.0602 0.0798 2 0.16 $5.82 $6.00 $0.18

88 Member Front Floor Cross OTR Mild Steel  DPSS0 125 11625 046 0.4278 0.0322 2 0.06 $2.61 $268 $0.07
111 Pnl Windshield Header Mild Steel  DPSS0 07 0.651 157 1.4601 0.1099 0 0.00 $3.83 $365 $0.12
112 Reinforce Anchor Front Floor Mild Steel  DPSS0 075 0BY7A 16 1.488 01z 0 0.00 $3.51 $364 $0.12
113 Reinforce Anchor Front Floor Mild Steel  DPSS0 0F5 06045 1.05 0.9765 0.0735 0 0.00 $3.03 $3.11 $0.08
121 Member Frant Floor Cross RR HELA DP530 075 0BY7A 453 4.3058 0.3241 1 0.32 $58.51 $3.05 $0.54
124 Center Mount Rear Axel Mild Steel  DPSS0 (IR 0.744 342 3.1806 0.2394 1 0.24 $7.10 §7.72 $0.62
134 Member Floor Side RR HELA DP530 14 1.395 791 7.3563 05537 2 1.11 $28.358 $29.42 $1.04
135 Reinf Floor Side RR HELA DP530 138  1.2834 565 5.2645 0.3955 2 0.79 $24.80 $25 66 $0.86
145 Panel RR Flr (RH) Mild Steel  DPSS0 (IR 0.744 1.71 1.5503 01197 1 012 $3.58 $3.71 $0.13
146 Panel RR Flr (LH) Mild Steel  DPSS0 (IR 0.744 1.71 1.5503 01197 1 012 $3.58 $3.71 $0.13

Class B

53 Panel Dash LHD Mild Steel  DPSS0 075 0BY7A 948 8.5164 0.6636 1 0.66 $16.858 $17.82 $0.94

49 PLR Body Side INR Mild Steel  DPSS0 138  1.2834 48 4 464 0.336 2 0.67 $15.27 $16.72 §1.44

80 Panel Front Floor Mild Steel  DPSS0 07 0.651 2271 211203 1.5897 1 1.59 $28.50 $30 .45 $1.96
203 Reinf Hinge Pillar Mild Steel  DPSS0 138  1.2834 557 555621 0.4179 2 0.54 $23.52 $24 .85 $1.33
190 Panel Bodyside Inner RR Mild Steel  DPSS0 075 0BY7A 697 5.4821 0.4879 1 0.49 2201 $23.40 $1.39
200 Panel Bodyside Outer Mild Steel  DPSS0 (IR 0.744 189 17 577 1.323 2 265 $49.34 52 67 $3.33
217 Reinf Qtr Upper 0 DP5S0 0 0 0 0 0 2 0.00
120 Panel Rear Floor Front Mild Steel  DPSS0 1 053 751 5.9843 0.5257 1 0.53 §7.80 817 067
160 Panel Rear Floor Tub Mild Steel  DPSS0 07 0.651 5.19 4.5267 0.3633 1 0.36 $5.98 $9.73 $0.75
161 Panel Rear Floor Tub 0 DP520 0 0 0 0 0 1 0.00
208 Reinf Center Plr Lwr Hinge Mild Steel  DPSS0 125 11625 022 0.2045 0.0154 2 0.03 $1.26 $1.29 $0.03

Total mass Saved: 18.70 Ibs
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MPG Calculations

A A solid lines are calculated from steel scenario
MPG Calculations vs Vehicle Mass baseline
datted lines calculated fram Al scenario haseline
42
Aluminum
Yehicle
1272 kg, 168 hp
oy N B S —
Tl : Steel Wehicle
T ! 1533 kg, 198 hp
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MPG Data and Calculations

Vehicle Mass vs Mileage

40

MPG {average)

348 -
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Avg MPG Parameter:

Constant  1019.892
Wt -042357

Aero 0111
Disp -0.13856

HP -0.09086

City MPG Parameter:

Constant 5404993
Wt -0.35024

Aero -0.11688
Disp -0.22067

HP -0.08915

Hwy MPG Parameter

Constant  1782.959
gt -048427

Aero -0.10701
Disp -0.06917

HP -0.09246

Mpg = constant x (kg)Wet x (wid x hgt x Cd)~e© x (liters)Pis x (horsepower)HP

IBIS Associates, Inc.
Slide 49

Yehicle Mass

1000
1025
1050
1075
1100
11258
1150
1175
1200
1225
1250
1275
1300
1325
1350

260 kg saved

Steel Baseline

avy
25 21086
30.20774
29.89344
2058537
29,2964
20901252
28.73786
2847136
28.21318
2796271
27.715955
27.48336
27 2538
27 03056
26.81334
26.60189
26.395493
26.19524
25.99559
2580877
25 82257
2544011
25,263
250859
24 92044
24 75476
24 59272
24 43472
24 275906
2412718
23.97844
23.83475
23.68598

by

30.17636
37.10693
36 6585
36.24046
3582984
3543315
3504962
34 67854
34.31924
3397112
3363359
33.30614
32098826
32 67951
3237944
3208766

31.8038
3152749
31.25841
3099625
3074071
3049152
3024842
3001116
2977952
29 55327
29.33221
29.11614
28.90487
28 69823
28 49606
2829819
28.10447

ity

21.13807
2454721
2433583
241313
23.93325
23.74132
23.5565149
23.37456
23.18916
23.02873
22 86302
2270182
2254492
22,3821
2224312
22.08808
21.95652
21.818349
21.68356
2155188
2142323

21.2875
21.17456
21.08431
20.93665
20.821449
20.70874

20.5983

20.4901
20.38405
20.28009
2017815
2007815

Aluminum Baseline

ity

2142552
24 88103
24 BEETS
24 45947
24 25872
2406418
23.87552
23.69244
23.51465

233419
23.17394
23.01054

228515
22 9662
22 584571
22.39859
222551

221181
21.97843
21.84496
21.71457
21.58712
2146251
21.340683
2121137
21.10464
20.99035
20.87841
20.76874
20 66125
20.55588
2045255

203512

by
30,6021
37.63044
37.18314
36.75175
36.33533
35.93305
35.54411
3516779
34.80343
34.45039
34.1081
33.77603
33.45367
33.14056
32 83626
32.54036
32.25249
31.97229
31.69941
31.43355
31.1744
30.9217
30.67517
30.43457
30.19965
29.97021
29.74803
29.52691
29.31267
29.10312
28.89809
28.69742
28.50097

avy
2556015
306265
30.30784
30.00008
2070254
2941471
2913604
2886605
2860429
2835035
2810382
2786435
27 B3161
2740827
27.135058
2697066
2676185
26.558354
2636001
2616654
2597778
2579344
2581382
2543772
252658
2509752
2493364
2477282
24 81563
24 46164
24 31085
2416313
240839

Al improvement vs Steel Mass
different engine hp

9.37% 7.92% 10.60%

same engine hp

7.88% 5.47% 9.06%

AL 160kg BIWY mass delta only:
4.48% 3.69% 5.14%




Calculating Diesel and Hybrid MPG

* First, the the city and hwy
MPG ratings, relative to avg

EPA data, average versus city and hwy, midsize autos MPG, Were CaICUIated frOm
& city mileage relative to composite m
e e Dieasl Fiybra 2007 EPA data for each of
city 87% 90% 109% . .
Wy 122%  123% 9% gas, diesel, and hybrids
* Then, assuming the claimed
iven an average of 33% improved fuel economy for dies . .
gnd 38% improgfed fuel econF:)my for hybrids Y mpg beneflts for dlesels and
then, relative to "equivalent” gas vehicle: .
cas Dl rHybrc hybrids are based on avg
emge 0% T3k e MPG, the relative city and
wy 100%  125%  105% hwy percentages above are

used to calculate a MPG
multiplier for the Diesel and
Hybrid scenarios
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