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» Electric vehicle market is projected to
explode

 Types of electric vehicles and their battery
requirements

e Survey of lithium-ion batteries




Electric Vehlcle Hlstory
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- The years 1899 and 1900 | ks
were the high point of 18
electric vehicles In
America, as they outsold all |
other types of cars. Electric
vehicles had many
advantages over their
competitors in the early
1900s. They did not have

the Vibration, smeII, and Thomas Edison inspects electric car in

noise associated with 1914. He and Henry Ford had planned
gasoline cars to use Edison's nickel iron battery to

power clean, efficient, affordable cars
that would be recharged by home wind
turbines, according Edwin Black in
'Internal Combustion'.
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The decline of the electric vehicle was brought
about by several major developments:

Roads connecting cities brought need for longer-range

vehicles.
e DIStover-ofilexas crude oll made_gasehkre—affordable
O [Ne axeFatic consumer.

—

o The-electuc starter of Charles Kettering in 1912 —
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Henry Ford’s use of mass production made internal
combustion engine venhicles widely available and
affordable. In 1912, an electric roadster sold for
$1,750, while a gasoline car sold for $650.

Acceleration provided by gas engine is fun!

Acceleration provided by electric motor is more fun!
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Fuel Cell - Onboard Hydrogen
Fuel Cell - Onboard Reformer
Parallel Hybrid - Stirling
Series Hybird - Stirling

Series Hybrid - Gas Turbine
Series Hybrid - CI/DI

Parallel Hybrid - CI/DI
Parallel Hybrid - AdvSI

CI/DI + AdvXM
AdvSI| + AdvXM

PFI/SI - future chassis/body
PFI/SI - current chassis/body .

|
I
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Gas/Electric Hybrids provide outstanding fuel economy.




1) Micro hybrid: Stop/start and
regenerative braking

2) Mild hybrid: micro plus power for
acceleration

3) Full hybrid: mild plus electric launch

4) Plug-In hybrid: EV range, then functions
as full hybrid.

5) Full Power Battery Electric Vehicle
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Battery Non Battery Total Fuel
Cost,$ Incremental Cost,$ Efficiency

Cost, $ Gain, %
Micro Hybrid 100 500 600 5-10
Mild Hybrid 600 1,000 1,600 10-20
Full Hybrid 1,200 1,000 2,200 25-40
PHEV 6,000 2,000 8,000 40-65

EV 11,000 0 11,000 100
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Gallons
12K miles/yrzm
9 Full hybrid seems to be the sweet spot where |
drivers can see fuel savings and get payback.
20 30 40 50 60 70 80

Miles per Gallon




Power/Energy

EDV Type Weight Peak Power Power Density ES Capacity Energy Density
(max. kg) (min. kW) (min. W/kg) (min. kWh) (min. Whikg)
Full HEV 50’ 40'-60 800-1200 1.5-3[0.7] 30-60
Plug-in HEV” 120 65"; 50° 540 400° 6" 12° 50 75°
_FPBEV 250 50°; 100 200°; 400’ 25°; 40’ 100°; 160’

1 Data taken from Deiml (2005)

2 Minimum energy required to perform the electric launch function

3 PHEV data derived from Duvall (2001) are considered preliminary
4.5 Requirements for midsize passenger PHEVs with nominal electric
ranges of 20 and 40 miles, respectively
6.7 Requirements for small and midsize FPBEVSs, respectively, with
weight, performance and accommodations
comparable to similar size ICEVs
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ycle Life

Deep Cycles Shallow Cycles
Vehicle Type Energy’ Number® Number”
(MWh) @80%DoD @ 50Wh°®
Full HEV n.a. n.a. 200k [300K]
PHEV-20 ~12 [~17] 2400 [3500] fewer than full HEV
PHEV-40 ~17 [~29] 2300 [3400) fewer than full HEV
Battery EV ~32° 1000 [1500] fewer than full HEV

1 for battery operation over a 10-year life [15-year life and total energy
delivery requirements in brackets]

2 energy delivered by battery over its life time in form of deep discharges
3 number of equivalent 80% DoD cycles to be delivered by battery over
its life time

4 number of shallow cycles to be delivered by battery over its life time

II-A
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Cost Goals

Vehicle Battery Production Rate | Specific Capacity Cost” Specific Power Cost 7
Type Rating (Batteries/year) ($/kWh) ($/kW)
FPBEV 40 kWh 25k <150 [< $6,000] n.a.
HEV 25--40 kW 100k n.a. <20 [< $500 — $800]
PHEV (10 kWh) (100k) (<300) [< $3000] n.a.

! selling Price to OEMs

2 in brackets: cost goals for complete batteries of rated energy storage
capacity

3 in brackets: cost goals for complete batteries of rated peak power
capability
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Only Li-lon batteries can meet the whole range of vehicle

applications from HEV to PHEV to FPBEV.



 Toyota (PEVE) e Al23

e« JCS  American Lithium Energy
e Japan Lithium Energy o Altair Nano
« AESC  Enerdel
« LG/CP « ElectroEnergy
« SK  Electrovaya
e Sanyo « Gaiaa/LTC
e Samsung/Bosch o Kokam
« BYD e LionCell
 Valence

Billions of dollars spend and thousands of people
working on lithium-ion.
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LME Nickel

— > 1 million vehicl
On VENICIES Settlement 1 Year - ¥LE

— Life proven

18
— Cost Iﬁ'_ Matalonces com
— Reliability
e Major producers
— PEVE
— Sanyo

e Cell design and

chemistry continually _
Improved 12 Oct. 2007 --10 Oct, 2HE

Nickel metal hydride will be hard to displace from HEV.
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e Liquid sodium negative, sodium-aluminum chloride
electrolyte, separators are beta-alumina ceramic tubes.
o Start-up heating and thermal insulation to prevent
significant thermal energy loss.

 Tolerance of the ceramic tubes and their seals to
occasional freeze-thaw cycles of the cells.

 Facilitates battery cooling and makes operation
Independent of either high or low environmental
temperatures

The most serious drawback is peak power density of
~180W/kg (battery level). This limits the power even of BEV-
design and disqualifies for HEV and PHEV applications.

ZEBRA faces real challenge for acceptance.
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Ragone Plot

Energy Efficiency &
Renewable Energy

Relative Performance of Various Electrochemical Energy Storage Devices
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Acceleration > Specific Power (W/kg)
US Dept. of Energy —
| FPBEV still out of range for battery technology.
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( Discharging )

Currant Load

5
Package
Lithium ion 4 " Electrolyte Lithium ion
Key Parameters:
- Safety * Cost

* Wh/kg, Wh/l * VVoltage (higher voltage
« Temperature range reduces number of cells to
» Cycle life, calendar life achieve car operating voltage)




Cathode Material Average V Wh/kg Wh/I Thermal

Stability
Cobalt Oxide 3.7 560 Poor
Nickel Cobalt 3.6 600 Poor
Aluminum Oxide
(NCA)
Nickel Cobalt 3.6 580 Poor
Manganese Oxide
(NCM)
Lithium manganese 3.9 150 420 Fair

oxide (Spinel)

Iron Phosphate (LFP) 3.2 333
(carbon coated)

* [ron phosphate has excellent thermal stability but low energy

| » Oxides have poor thermal stability and excellent energy
g5 American Limenergu o




I “Mastering battery technology is regarded in the auto industry I
as the linchpin to the production of electric cars”

What Are the Pain points in Battery technology?

 Safety

SR AmeiicanLithium Energy Corp
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“Mastering battery technology is regarded in the auto industry
as the linchpin to the production of electric cars”

VVhal Are the Pain poilr N battery tecnnoiogy :

o Safety
e Slow progress In capacity increase

Energy Density over Time for 18650 Cells
300
250 _— I -
200
Whrke 1507 History shows that
100 7 energy density increases
0 at~6% ayear

0
2000 2002 2004 2006 2008
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I “Mastering battery technology is regarded in the auto industry I
as the linchpin to the production of electric cars”
What Are the Pain points in Battery technology?
o Safety

e Slow progress Iin capacity increase

e Cost
o Current price > $1K/kWh (16kWh in GM’s Volt)
» Best cost projection is $200/kWh for the cells
e 3x10° kWh volume
e Excluding pack costs

o Extreme temperature performance
« Above 60°C, battery degrades rapidly
« Low temperature operation is very challenging

SER fmeicanLitium Energy Gorp
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 Mechanisms of capacity fade still a research
problem

e Currently need to rely on real-time testing.
Encouraging data

— Saft: INL has ~4.5 years, Lockheed Martin
(Aerospace) ~7.5 years

— Hitachi ~2.5 years
— Al23 ~2 years
— AESC, LG, ~ 1 year

There is risk that lithium-ion may fail under real-

o World use conditions.



m Specifications

Type LEV50-4
Norminal voltage(V) 3.7 14.8
Capacity(Ah) 50 50
Cength o e Nominal ~109 Wh/kg
Dimensions(mm)  Width 43.8 194

Height

Mass(kg)
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12 cells in a module
(2 parallel and 6 series)

16 modules in a car

-

AHMEE. BRZEAS
%:311)(1?8)(148 mm
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Toyota
Matsushita
NEC
Nissan
Bosch
Samsung
Yuasa
Mitsubishi
JCI

Saft

LG

GM

Al123

Ford

BYD

SK

'US Patént Searéh on

Toyota and
Nissan are
technology

But players listed account for

<30% of patents

0 20 80

4 60
# US %atents
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"lithium ion" AND vehicle AND battery
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e Tremenadous worldwide Interest In electric
vehicles

* “The good Is the enemy of the best” — HEV
versus PHEV

e Lithium-ion Is technically close — calendar
life and cost are key concerns

e Amount of innovation is cause for
optimism




My colleagues at American Lithium:

— Dr. Sass Somekh for providing some of slides
and helpful comments.

— Dr. Jiang Fan for his comments.

e Dr. Menahem Anderman for critical

comments
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Oil Pricing

Up162% since short-term
bottomon1/18/07

Katrina: $69.81

9/11: $27.77

/

1/18: 850.48

\

Iraq War: S28.
Gulf War: $23.11 raqWar: $28.60
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he New Hork Times

nytimes.com

September 30, 2008

Buffett Buys Stake in Chinese Battery Manufacturer

By KEITH BRADSHER

HONG KONG — The investor Warren E. Buffett announced on Monday that he had agreed to buy a 9.89 percent
stake in a Chinese battery manufacturer that plans to sell electric cars in the United States by 2010.

The MidAmerican Energy Holdings Company, will pay 1.8 billion Hong Kong dollars — about $230 million — for

thp ctalra in tha hattans malzar thoa RVD Camnanyy NMr Riiffatt’c Rarl.chira Hathawiav miame Q7 A narran t nf
v BYD is one of the world’s largest makers of batteries and
re also has a fast-growing auto-making unit at

accourits Ul nedily d unlra Ol 1S reveriue diid rmdkes tuei-elrcierit Coirpdact diu subculripact cais 101 uie clinese
market.

The president of BYD, Wang Chuanfu, said that the alliance with Mr. Buffett was not just about raising capital for
the manufacturer, which relies heavily on short-term debt.

w EXxpertise in automotive design and manufacturing is easy to

N acquire...battery expertise is much harder to find. -
o Mastering battery technology is regarded in the auto industry y
= as the linchpin to the production of electric cars
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Components

Materials

SRS™ i

Lead film
(insul ation tape)

Cathode Mn-Spinel based

Anode Amorphous-carbon
Separator
Electrolyte LiPF, in Organic solvents (Gel type)
Packaging

Megative
terminal

Laminated film --

Positive
terminal




Electrical characteristics

- Nominal voltage (V) 3.6

- Average capacity G/3 after charge to 4.0 V/cell (Ah) 45
Minimum capacity C/3 after charge
to 4.0 V/cell (Ah) 42
Specific energy after charge to 4.0 V/cell (Wh/kg) 149
Energy density after charge to 4.0 V/cell (Wh,/dm?) 313
Specific power (30s peak,/50% DOD) (W /kg) 664
Power density (30s peak,/50% DOD) (W,/dm?) 1392
Mechanical characteristics
Diameter (mm) 54.3
Height (mm) eae
Typical weight (kg) 1.07
Volume (dm?) 0.51
Voltage limits
Charge (V) 4.0 (4.1 for peak)
Discharge (V) 2.7 (2.3 for peak]

Current limits

Max continuous current [A) 100




. Thermo-gravimetric analysis
- Iron Phosphate
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Iron Phosphate is thermally safe. Oxides have problems.



Incremental cost of upgrading a vehicle to a basic 1 kwWh
HEV will decline to approximately $1600 ($600 for the
battery, and $1000 for the associated system controls,
motors, power split devices and wiring). We estimate annual
fuel savings at $4 per gallon and 12,000 of driving miles per

year at $533, implying a 3 year payback.

The payback for a 40 mile plug-in hybrid electric vehicle
would be roughly 7.4 years in the US, assuming $1100 of
annual fuel savings and $8000 of incremental cost.
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13.2 Ah, 25 cm long, 14 cm wide, and
9 mm thick.
Manganese-based positive.

$ER  American Lithium Energy Corp

. [
-



	Slide Number 1
	Overview
	Electric Vehicle History
	The decline of the electric vehicle was brought about by several major developments: 
	Fuel Efficiency of Concept Vehicles
	Vehicle Types
	Costs and Fuel Benefits of Vehicle Types
	Slide Number 8
	Vehicle Energy Storage System Performance Requirements (1)�Power/Energy
	Vehicle Energy Storage System Performance Requirements (2)�Cycle Life
	Vehicle Energy Storage System Performance Requirements (3)�Cost Goals
	Slide Number 12
	Li-Ion Companies
	Ni/MH
	ZEBRA: 2Na + NiCl2  Ni + 2NaCl �2.58 Volts, 270-350oC
	Slide Number 16
	Panasonic (T. Inoue, 2008)
	Lithium-Ion Battery Operating Principle
	Lithium-Ion Cathode Chemistries (High Energy Designs)
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Life Prediction
	Lithium Energy Japan (GS Yuasa/Mitsubishi)
	Automotive Energy Supply Corporation (NEC/Nissan)
	Slide Number 26
	Summary
	Acknowledgements
	Backups
	Oil Pricing
	Slide Number 31
	LG Chem’s Product Offering
	Saft’s Product Offering for EV (VL45E)
	Oxygen Release Causes Safety Issue
	“Cost/benefit proposition is straightforward and compelling” Deutsche Bank
	Automotive Energy Supply Corporation (NEC/Nissan)

