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Sustainability Strateqy — Technology Migration

2007 2011
Near Term Mid Term Long Term

Begin migration to Full implementation of Continue leverage of Hybrid

advanced technology known technology technolt_)gies and deployment of
alternative energy sources

Near Ter Mid Term

T

¢ Significant number of vehicles with ) ) )
EcoBoost engines * EcoBoost engines available in nearly all « Percentage of Internal combustion

, , ) vehicles engines newable fuels
» Electric power steering — begin global ) ) ]
migration * Electric power steering - High volume Volume expansion of Hybrid
; A ; technologies
» Dual clutch and 6 speed transmissions * Six speed transmissions - High volume £
replace 4 & 5 speeds « Weight reduction of 250 — 750 Ibs Continued leverage of PHEV, BE
Flex Fuel Vehicles . Engine displacement reduction aligned « Introduction of fuel cell vehicles

brid applications > with weight save « Clean electric / hydrogen fuels

eased unibody applications * Additional Aero improvements « Continued weight reduction actions via
advanced materials

Introduction of additional small Increased use of Hybrid Technologies

vehicles Introduction of PHEV and BEV

-Battery management systems — begin « Vehicle capability to fully leverage
global migration available renewable fuels*

.:Aero iImprovements . Diesel use as market demands

':_.Stiép{jStartdsystems (micro hybrids) « Increased application of Stop/Start
oduce

GILPG Prep.Engines available where
ect markets demand
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Hybrids, Plug-In Hybrids, and BEVS




North America — Announced Electrification Projects

2004 CY 2010 CY 2012 CY

Transit Connect
(Global C-Platform)

Focus (N.A))
(Global C-Platform)

Global C-Platform

Next Generation HEV

Next Generation HEV
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Ford of Europe — Announced Electrification Projects

2011 CY 2012 CY

Transit Connect

Focus Electric
(Global C-Platform)

New PHEV

Next-Generation HEV




Ford Global Electrification Product Plan

I () Q

2010 CY 2015 CY

PHEV

10-25%
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2015MY Global Electrification Volume Projections
Manufacturer

2020 MY Electrification Volume Projections

U.S. Europe China

7— o, er Powertrain 2020: China's ambition to become market leader in-E-Vehicles (April, 2009)
- -Boston| ing Group - The Comeback of the Electric Car? How Real, How Soon, an t Happen Next (December 2008)
!._ L = T ‘Gi_abal Envnronmental Series Volume 3 - HEVs Potential Reconsndered in Economic Crisis \‘B\r%

e _ e o z ic Vehicles - Global Equity Research (October, 2009)
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2020MY Global Electrification Volume Projections b
Reqgion

2015CY Global Electrification by Major Manufacturer E IEEI\E/V
% by Electrification Type B HEV
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- All data is from CSM Worldwide global comprehensive
vehicle production and sales forecasts, 3/05/10.

- Major manufacturers are those with >50,000 electrified
vehicle sales projected in 2015
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What does it take to support a sustainable mass market
electrified vehicle?

e Customer-Focused
— G@Great Features
— Functional Trustworthy Technology

— Delivers Transportation Needs
— Affordable

Est. Battery
Pack Cost per
kWh $750 $500 $250

BEV

——HEV
—=- PHEV

__—» 100 mile range

—4— BEV
PHEV / BEV
} costs converge
dueto base P/IT

’\E — deletion

e —————. \\\\\l\\.\h‘;ﬁﬁm

2016CY 2020CY
High Vol — 250k+
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Drivers of Hybrid Technology Evolution
Electrification Technologies — Backqground

Function Engine Engine Assist | Regenerative | Electric | All Electric
stop/start (Downsize) Brake launch Drive
System

Start/Stop YES
(>0.3sec)

Mild Hybrid
(42V)

Modest
(<9 kW)

Modest
(<9 kW)

Full Hybrid
(300V)

Plug In Hybrid
=) (based on
= Blended Full)

= Battery Electric
Vehicle

Infinite |
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Drivers of Hybrid Technology Evolution
HEV — PHEV — BEV Components

HEV PHEV BEV ‘

Battery Yes (Power) Yes (Energy) Yes (Energy)

Electric AC

DC/DC Converter

Regen Brakes
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Drivers of Hybrid Technology Evolution

S MARTGAU G E Ui WITH ECOGUIDE

New
Knowledge
and Skills New )
Needed: con_cepts
Customer required for
and Engineer | /% = 73 Plug-In
$ 4 J e RS vehicles

%@ﬁ; - GRAPHICALLY TRACKS DRIVER'S EFFICIENCY

@ Drive green,
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Future State: Integrated Energy World with Utilities & Autos

Working Together

Using Off-Peak Pawer

System Lood [GW)

Exploring Customer Value From “Plugging In”

« All New System View:
* What components are in the new system?

* How will the grid and energy flow be
controlled in the future?

* Who are the parties involved?
* What new integration is needed?

» What are the key technologies and
standards needed?

Many Open Questions...

Re_npwablés ,
Wind/ Solar
‘./_/ o

Advanced
Lithium
Batteries

for Mobile and
Stationary
Utility Data sas Smart
Management Appliances
and Operations
Integrating-a-ne N
R te0r U RN
energy eco-system
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Deep Understanding V2G Connectivity

A 240V @ 30A
circuit can provide
~ 6kW continuous
charge

Battery
Existing battery: capable of

charging at the vehicle worst
case drive cycle discharge

|

5 g 0 rate.
Dlstrlbu.tlon Home
Substation Existing design:
- . 58A — 87A (not including
Existing design: charger)
e ome per NEC220

Detroit Edison\
connects 5 -7 Charge
homes to a Plug/Cord
available .
transformer ) o sae 17720 Vehicle

Existing wiring: capable
of worst case drive

cycle
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Infrastructure

Priority

Charging Customer Segments

Less Frequ

%harga

| at
Public
- Space

Most Frequent

For occasional trips,
municipal charge
locations could be
viable option. If
reservation system is
implemented, could be
used for main charge
location.

For fleets customers,
main charge location is

fleet depot where
multiple chargers

work — allowi
commuters/s

parkers to h
- charge. Alsc

S Charging Infrastructure is a key enabler to Plug-In Vehicles
Ir o " . s,
= G S
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|

Backdground — Ford Plug-In Vehicle Charging Options
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Hybrid Battery Technology Comparison

3500

Different Cells
required for

,,,,,,,,,,,, ************* different

applications...

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Li-lon PHEV IR
e ooy S
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BEV Necessary Battery Technology Evolution

EV Battery
EV Battery . 23KWh
» 23kWh - 400Ibs
* 500lbs » 100 liters
e 125 liters

EV Battery

e 23kWh
» 250Ibs
e 75 liters

For weight, size,
performance and
S affordability
S L= evolution is
& ¢ required...

S

Future

Goal

Fuel Tank

|« 23kwWh

e 125Ibs
* 60 liters
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USABC EV Battery Goal Analysis

Specific Discharge Power (400W/kg)
100%

Temperature Range (-40 to +85C) Specific Charge Power (200W/kg)

Selling Price ($100/kWh @10k
units/year)

T
x::i.?;&

=

iImprovements mass market, customer driven products.
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Plug In Vehicle Li-lon Cell Technology

2500 ;

-, @) USABC-PHEV-10
:g 1500 *Technology
= '~ Need
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g

USABC PHEV-40 B

®eccccee $0000c0000000000000 00

140 160 180 200 220
Specific Energy (Wh/kg)
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Lithium lon Battery Cost

e A Lithium lon Cell (Power for HEV and Energy for PHEV & BEVs) is made up
of Cathode, Anode, Separator, Electrolyte, and Structural Hardware (foil,
case, terminals, and Header)

e Materials used in both cells are generally the same (recipe is unique)

e Material cost breakdown of a Lithium cell varies slightly with different
chemistries

e Current metric for HEV cells is S/kW. Current metric for PHEV or BEV cells
is S/kWh.

Forecast of 2012 industry prices for “cells only” is: $20-$30/kW HEVs and

1000/kWh for PHEVs/BEVs. Range is due to varying assumptions of

, capital depreciation, labor, and other markups as the automotive

battery industry matures

aptop Lithium cell material cost per kWh at high volume (300 mil

- cells/year) is less than $200/kWh. Automotive qualification for quality

ind durability adds a premium.

) Drive green,
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HV Battery Breakdown

HV Battery Cost Contribution

100% o0
Depreciation, R&D & other
90% Markups.
80% L Up to 50% of price
70% / Ca;g;ode
Hardware

50% / 30%

B System

<+ | D cells

Anode
14%

Material Breakd own>
EIectroIite
/ m Separator

Lithium: rare earth element 19%
analysis suggests lithium supply

is available to support needs to

2050
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Integrated Approach With Shared Responsibility

The development of a sustainable electrified market will be dependent on close
cooperation between many key stakeholders

Governments

Manufacturers
Consumers

Utilities
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