The Aluminum Advantage
Exploring Commercial Vehicle Applications

Randall Scheps
Chairman, The Aluminum Association’s
Auto & Light Truck Group
Marketing Director, Alcoa Ground Transportation

www.autoaluminum.org



The Aluminum Association, Inc.

Defining Who We Are

|
A KAISER
h, \ / ALUMINUM
ALCAN "
AUTOMOTIVE
ALUMINUM ‘
The Performance \
Advantage ™ __ \\
The Aluminum Association, Inc. ADlIYAﬂH[A

/ \ NOVELIS
¢ ALUMINUM PRECISION PRODUCTS sa p a




AUTOMOTIVE
ALUMINUM
The Performance
Advantage

The Aluminum Association, Inc.

Our Mission
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Lighter cars require less fuel, power and produce
fewer tailpipe emissions linked to climate change,
allowing aluminum to be a game changer in
today’s environment. Just look at Chevy's Sequel,
featured above, the prototype fuel cell vehicle that
GM believes to be the most technically advanced
car ever built...and it's not made of mild or new
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Automakers and auto
suppliers across the globe
are racing to revolutionize
motor vehicles with an eye
towards making products that
not anly perform better, but
also reduces their "foot print”
on the earth with advanced
powertrains and alternative
fuels. The aluminum
response is simple. Lighter
cars require less fuel and
power to get around and they
produce fewer tailpipe
emissions linked to climate
change. In this new
environment. aluminum can ha
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Mass
Reduction

Infinitely Reduced
Recyclable Emissions

Enhanced
Performance
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Association Sponsored Automotive
Research

e Safety: Size vs. Weight (DRI Impact of Vehicle Weight Reduction on Fuel Economy for
2004) Various Vehicle Architectures (Ricardo 2007)

* Vehicle Structure -
Manufacturing and Lifecycle 15
Cost Analysis (IBIS 2005) i g

* Improving Sustainability in the
Transport Sector Through
Weight Reduction and the
Application of Aluminum (IAl

11 4

Weight reduction & resizing
9 - 10% —> 6-7%

% Fuel Economy Improvemen
~

2006) 5
e Benefit Analysis: Use of £
Aluminum Structures in 1 :
Conjunction with Alternative 0 5 10 15 20 25
Powertrain Technologies in %Weight Reduction
2 —— Small Car - Resized Engine —=— Mid Size Car - Resized Engine Small SUV - Resized Engine
AUtomObl IeS (I BIS 2008) —=— Large SUV - Resized Engine Truck - Resized Engine +— Small Car - Baseline Engine
° A| um in um G rOWth Stu dy + Mid Size Car - Baseline Engine Small SUV - Baseline Engine 4 Large SUV - Baseline Engine
Truck - Baseline Engine

(Ducker 2009 & 2006)



Why We Are Here Today

Lightweighting with aluminum can help you achieve your
goals

— Auto companies and other third-parties acknowledge aluminum’s
value proposition will help them meet 2016 CAFE standards

— Success experienced in auto industry and same model can apply to the
commercial vehicle industry
Overview
— Value proposition
— Weight saving benefits
— Research and data



Why Aluminum for Commercial Vehicles?

THE VALUE PROPOSITION
Increased payload

Lower maintenance costs il Il b

Reduced fuel P
consumption

Reduced greenhouse gas
emissions

Improved durability
Higher resale value
Infinitely recyclable
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Truck Owners See Value in Lightweighting

Benefits of Reducing Truck Weight
(Heavy-Duty Truck Owners Only - Multiple Mentions)

Heavy-Duty  Over the . Pickup &

Trucks Total Road Focavonal Delivery
Fayload capacity 50% 50% 50% 50%
Fuel economy 9% 41% 29% 52%
Don't know 21% 22% 24% 12%
Wear and Tear 4% 4% 4% 5%
Maintenance costs 3% 2% 4% 2%
Lighter components (general) 2% 2% 1% 2%
More power/higher performance 2% 4% 0% 2%
Emissions 1% 1% 2% 0%
Life of vehicle 1% 0% 1% 2%
Operating costs 1% 0% 3% 0%
Safety 1% 0% 1% 5%
Vehicle design 0% 0% 1% 0%
Other 0% 0% 1% 0%

Source: Alcoa 2008, Q4 research




Aluminum Already on the Road

e Cab structure The average Class 8 Tractor today contains
1,000 Ibs. of aluminum

* Forged aluminum wheels
* Fuel tanks

* HVAC components

* Bellhousing

* 5t wheel

* Landing gear

e Trailer side walls and structure
 Tank bodies
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Potential Future Applications

 Emerging technologies help save more weight
— Save 3,500 Ibs. versus today’s truck and trailer with aggressive weight

reduction
Cab Rear Wall
Cab Roof Save 49 lbs. RR Door Surround
Save 60 Ibs. Save 150 Ibs.
Save 20 Ibs.
per door Side Wall

Cab Floor
Ibs.
Save 56 bs - Landing Gear
@. * Save 50 Ibs. gy’ .
_—_—— Slider Box - : ‘
Frame Rails Cab X-Member = =<
Save 435 Ibs. Save 38 Ibs.

Save 37 Ibs.




Research Supporting Our Value Proposition

* Potential Savings as a Result of Weight
Reduction (IFEU Heidelberg 2003)

* Improving Sustainability in the
Transport Sector Through Weight
Reduction and the Application of
Aluminum (IAl 2006)

e Simulator Data (Major Tire
Manufacturer 2007)

* Case Study: China Bus Project (Alcoa
2008)

* |Impact of Weight on Rolling Resistance
and Fuel Economy (Smithers 2009)
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IFEU Heidelberg Research Findings

PS We Ig ht |S a fa CtO r | n t ru C k Chart 3: Life time primary energy savings of the use phase for selected vehicle examples

Life-time primary energy savings [GJ/100kg]
and bus fuel economy 0

Road vehicles Rail vehicles

* Trucks and buses represent | .,
a large potential fuel
savings

* CO, reductions also /

mmm\

150

e Duty cycle dependant

* Results based on real- e e T\ t i "
(gaso n ain~ distance senger istance  distance
N a er H i |g_ t
[E Ie-c't ric] {diesel]
world experience of truck e
O E M Source: IFEU 2002 from vanous sources (Figures rounded) IFEU 2003
S Remark: Error ranges signify the sensitivity to uncertainties in basic data

Source: IFEU, SGKV 2002
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Estimated Fuel Economy Benefit from
10% Weight Reduction

9.0%

8.0%

8.0%
7.0%
6.0% 5.5%
5.0%
4.0%

3.0%
2.4%

Percent Increase in Fuel Economy

2.0% 1.6%

1.0%

0.0%

Truck Truck Bus Bus
Volume Constrained Weight Constrained City Distance

Source: IFEU, SGKV 2002
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Impact More Pronounced in Urban Setting
Bus Example

Physical resistances have an impact on
vehicle fuel efficiency and mass of the
vehicle is a significant factor (c Resistance

F,,=F,+F, +F,+F dynam 2
R L s B ) 1. AeTOFL=r/2_CW_A,Vx

Wi

ion \"\es'\‘i"‘a"‘ce
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.5 Resistal
5. Rolling 5. c05 a
= Kg

3. Gradient Resistance Fr

Fg, :@ g.sina

G=m.g.

Impact is more pronounced in urban setting

100% -
80% 1% m
60% Weight |
? :I;;Ingntlem
40% 75% [
62%
20% —
12%
0% T T
City (ECE) 90km/ h const. 120km/ h const.

O Acceleration resistance
l Rolling resistance
M Aerodynamic resistance

Source: IFEU, Alcoa

Heavier buses consume more fuel in urban areas
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Lightweighting will enhance fuel consumption
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Research conducted by
third-party firm (Smithers)
Tested to SAE spec and

followed U.S. EPA
Smartway protocol

Five test runs completed
at varying loads and tire
pressures
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Dividends
19.0-
18.8-
An aluminum wheel
Average RR 18.67 can improve tire
(Ibs) rolling resistance by
1841 up to 3% over a
comparable size
18.24
steel wheel
18.0-
O Steel H Aluminum

Source: Smithers Scientific Services
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Light Weight Pays Fuel Economy
Dividends

40 [

—Steel
35 J ——Aluminum /
A/

Ez 30
g //
:§ 25 ”””’¢4”
Q
; //
E 20 == 3% reduction in rolling resistance ——
equates to 1% fuel savings
. | | |
10
3000 3500 4000 4500

Source: Smithers Scientific Services




AUTOMOTIVE
ALUMINUM

The Performance
Advantage ™

The Aluminum Association, Inc.

Major Tire Manufacturer Simulator Data

Fuel Economy Improvement Per 10% Weight Save

9.0%

8.4%

8.0%

7.0% 6.7%

6.3%

6.0% -

5.0% -

4.0% -

Percent Improvement

3.0% -

2.0% -

1.0% -

0.0% -

Medium Duty Heavy Duty

Base Weight 16,340 36,312
Drive Cycle HTUF Regional

Source: Major Tire Manufacturer




AUTOMOTIVE
ALUMINUM
The Performance
Advantage ™

The Aluminum Association, Inc.

China Bus Project: Real World Success

Weight 6% Fuel

50 tons of CO:

Reduction of Economy Lifetime

1,400 kg (12%) Improvement

Value - Ecological Space Frame

Extrusions
* Reduction in CO, emissions

* Reduced road surface wear
and tear

Value - Financial
* 6% less fuel

* Maintenance savings (tires,
brakes, suspension)

* Improved corrosion resistance
* Payback of 2-3 years

Source: Alcoa
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Al Transport Model Illlustrates Pot
CO, Savings from Lightweigh

User Input Output

Specifications of
vehicles and
components

Final energy savings
through lightweighting

CO, equivalent savings

Cust
ustomer scrap thought lighweighting

generation
Carbon footprints of
aluminum and
competing material

Fuel/electricity
consumption
during use

Vehicle recycling
Industry Inputs
CO, equivalents

Final energy

Aluminum production
date

Source: IAI
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IAl: Aluminum Helps Reduce CO,

« Auto aluminum already
saving 300 million metric
tons of CO, annually

- Including CO, impact of
aluminum production

- Use-phase savings far
outweigh production CO,
generation

- Recycled aluminum uses
95% less energy

Potential Weight Savings:
Source: IFEU, 2003

Specific Savings

(Tons of CO: per ton of w eight save)

23
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3,000-3,500 Ibs. 3,500-4,500
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Aluminum is a Part of the S

More Payload AND Lower Costs

*  One ton of weight reduction = up to
588 gallons of diesel per year Gl

. Lower maintenance costs PgCO,eq

. Lower tire and brake costs

Higher residual value and durability

*  Corrosion resistant parts last longer / \

6 H CH4
s
Reduced Lifetime CO, Emissions 2
e Save 18 tons of CO, for every ton of 0 ! . .
aluminum you add to your fleet Ereray Suppy” \ Tronsprt [ R et Y M

buildings¥
Source: EDGAR (3.2FT2000) / IEA (2

Reduced dependence on imported oil

Infinitely recyclable
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