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Rechargeable Batteries @~ | % forSustainabiiy

Recent Economic Tren(iSurce:AarkstoreEnterprise)

US Rechargeable Battery Market (2008)

A Rechargeable batteries, also known as storage o
batteries, are a continuing strong market, with ~ “™"
worldwide sales of $36 billion in 200Bhe
rechargeable battery market will rise to $51 billior
by 2013. o

A Inthe US, lea@cid battery technology continues =
to head rechargeable battery sales with a
rechargeable battery market share of 79% in 2008.

A The portable rechargeable battery market, of which
lithium-ion has a 75% share, is the fastest growing
segment of the rechargeable battery market,
showingworld market growth of 20% in 2008

source: Aarkstore Enterprise
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Advantages of Lithium lon | B
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Portable Energy Challenge: Energy demand exceeds supply

'bAlncrease Energy Densityafry more
HAFast Recharges(fill often)
ADevice Energy Efficienayse wisely

Advantages of Lithium lon

Adigher Energy and Power Density
Adigher Cell Voltage (2 to 3X overXNi
Adigh charge rates available

Aow Self discharge rate-BR64/month)
AChemistry is form factor dependent
(flexible design)

ALife can exceed tens of thousands cycles

Volumetric Energy Density (Wh/L)
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Side noteZPowerhas reported that Silver Zinc
technology has higher energy density than Li ic
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Energy Density vs. Power Density \C forSustinabilty
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A Energy (J owh) is the ability to do work
(currency)
A Power (J/s or W) is the rate energy is
consumed (spending) W
A Power/Energy ratio relates to battery
application
o :;Pn%‘c% __ Lithiumion batteries are generally
10000 1 — 1Y optimizedeither for high energy
s B e v —— «  (eg. for the consumerlaptop or
g™ k. T X cellphone market where longer
. . ) ==————1~=  runtimes are a premium) or for
2 = high power (e.g. for the power
10 == " tool or hybrid vehicle market
1 - e where brief, high power pulses

20 40 60 80 100 120 1;10 160 1éo 200 area premium)

Specific Energy, Whikg
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Demands for Rechargeable Batterigs S
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Consumer Electronics Grid and Renewable Energy Storage

Energy
> - — Altairnanoand A123 Systems have
= | = independently developed 2MW
= C power units for demonstration of
.| utility-gradeenergystorage as a
T 1 N replacement for lead acid
i = batteries.

Power

Automotive

>

HEV: P/E =>15
PHEV: P/E = 310
EV: P/IE = <3

Source: US DOE
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Industry Considerations

-Battery size (energy densit -Cell formfactorsfe
-Number of units management

il | [ [ [

Power
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Considerations for Vehicles \G for Sustainability
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A Battery Size and Cost (tod&i000+/k\WNH
HEV:12 kWh, PHEV=-55 kWh, EV: 40+ kWh

A Safetyc battery abuse from overcharge, physical damage, or
high temperature; high voltage (360 V) concerns

A Policy Incentives if economics are only driver, then it directly

competes with oill:

Electric vehicle with a $10,000 battery requires oil to exceed $125/barrel to
equal 5 year total cost of ownership in a Volkswagen Golf 1.6 driven 15,000
km annuallyg source: Boston Consulting

A Model for ownership; buy electric vehicle, lease electric
vehicle, or battery exchangedtter placemodel)

A Manufacturing and battery design
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~3.3 Billion cells in 2008

Market Share of 18650 Manufacturing (2008)

Source: Institute of Information Technology, Ltd

In the near
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Battery design for safety,
performance, and endf-life

C-electrovaya

The TeslaRoadsterbattery
pack (53 KWh375 V) is
comprised of about 6800
18650 cells pack has a
mass of about 450kg.
Source TeslaMotors

Global Investment in Manufacturing

AUnited States: American Recovery and
Reinvestment Act of 2009 authorized $2 billion in
grants for manufacturers of advanced battery
systems and components

AGermany: Lithium lon Battery 2015 $650M for
1M PHEV cars by 2020

AJapan: Next Generation Vehicle Battery Program
AChina: National High Tech R&D Program
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Mechanism and Components of Li \C for Sustainabiliy
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SolidElectrolytelnterface(SEl)s a surfacefilm
that generally establishes between an
electrode and electrolyte and serves as a
passivationlayer to allow diffusion of Li+ but
restrictsadditional solventreduction

Components

Anodec (negative) active material,
binder, substrate, additives

Cathodec (positive)c active material,

binder, substrate, additives
Electrolytec Lithium salt in mixed

carbonate solvents; additives for
overcharge, SEI regulation

Separator- porous polyolefin
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