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e How does Merriman look at Energy Storage?

e What are the broader opportunities?

e What early stage technologies hold promise?
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It runs on its conventional gasoline-powered engine until
it senses guilt, then it switches over to battery power.
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e Battery technologies include both disposable (primary)
and rechargeable (secondary) chemistries

e Emerging energy storage technologies include mechanical
or flywheel technology, hydrogen and thermal storage

e Theoretical comparisons are often made to distillate fuels
and pumped hydroelectric storage used by utilities



MERRIMAN

el Today’s Storage Market

ForD

e
e $14B Lead Acid for Industrial and Automotive

e $5B Lithium lon for Consumer and Portables

e $1B Nickel Metal Hydride for Consumer and Hybrids

e Military Aerospace and Niche or Emerging Markets
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Market in 2007 Market in 2017
Consumer $6B $12B
Hybrids $900m $15B
Large Format $50m $5B

Source: Merriman Curhan Ford Estimates and Industry Sources



MERRIMAN

Sl Rechargeable Battery Market

ForD

1-1 Almost 10B US$ market with HEV and packs

Fig.1 Worldwide rechargeable battery market (value base)
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Application Map
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Battery Performance Metrics

Performance Metrics of Common Rechargeable Battery Chemistries

Chemistry Sp. Energy Energy Density . Operating  Electrolyte Losses Comments Primary Cost
Life Cycles .
(Wh/kg) (Wh/L) Temp. °C (%/Mo) Markets (S/kWh)

Lead Acid - SLI 35 70 200-700 -40to 55 Aqueous 20-30 low cost, high rate Automotive S50
Lead Acid - Motive 25 80 1,500 -20to 40 Aqueous 4-6 ~9h cycling discharge Lift Trucks
Lead Acid - Standby 10-20 50-70 - -10to 40 Aqueous - Long life UPS/Telecom $35 - $500
Lead Acid - Portable 30 90 250-500 -40 to 60 Agueous 4-8 low cost Portable Tools
Nickel-Cadmium 30-40 40-80 500-2,000 -40to45 Agueous 10-20 Memory effect Consumer to HEV $300
Nickel-lron 30 55 2,000-4,000 -10to 45 Agueous 20-40 Extremely rugged Railroad
Nickel-Zinc 50-60 80-120 500 -10 to 50 Agueous <20 Extended cycle life Scooters $250
Silver-Zinc 105 180 50-100 -20 to 60 Aqueous 5 Best High rate capacity ~ Military/Aerospace
Silver-Cadmium 70 120 300-800 -25to0 70 Agueous 5 Low temp sensitive Aerospace
Nickel-Hydrogen 64 105 1,500-6,000 0Oto50 Agueous very high Discharge | H2 P&T Aerospace
Nickel-Metal-Hydride 75 240 300-600 -20to 50 Agueous 15-25 Capacity > NiCd Consumer to HEV $500
Lithium-lon 150 400 1,000+ -20to 50 Organic 2 High Energy Density Consumer $800
Lithium Polymer 500 600 2,000+ -20to 60 Organic <1 Penetrating Market Portable Electronics

Source: Handbook of Batteries, Company Datasheets and Merriman Curhan Ford.
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Energy Versus Power Comparisons
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e There is tremendous diversity of end applications with
each application having unique design requirements

e Individual applications even have diversity of chemistry

e Batteries are good at storing lots of energy, capacitors
are better at storing power, and ultracaps are in between

e Individual chemistries can be tweaked to operate across
broad performance ranges; chemistry and manufacturing
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Evolution of Lithium Ion Batteries

1991 - 1995 1996 - 2000 2001 - 2005 2006 - 2010
New Cathode LiCoO2 LiMn204 LiFePO4
New Anode Amorphous Carbon Graphite Capacity Sn Type Anodes Si Anodes

Supporting Material

Structure
Key Players

Key Users

(Graphite)

Cylindrical
Sony and ATB

Sony, Dell, Toshiba

Enhancement
Functional Electrolyte
Gel Polymer and
Laminate

Prismatic

Sanyo, MBI, NEC,
Maxell
Motorola, IBM, NTT

Laminate / Stack

Sanyo for High Speed
BYD, LGC, SDI

Nokia for low cost
Bosch, Makita for p
tools

Functional Separator

Thin / Large for HEV
A123, Phostech

Dewalt, GM and BAE

Source: Institute of Information Technology, Ltd and Merriman Curhan Ford
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The Evolving Hybrid and Plug in Markets

Over 1m hybrids are on the
road with over 400k sold

loballv in 2007 The HEV Application matrix
9 y 100.000

*$900m battery mkt in 2007
served mostly by Panasonic,
Sanyo and Cobasys

10.000
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eHybrids premium priced for
$5-6k extra battery
drivetrain and electronics
content

100

Electric Energy per cycle in Wh

1028 P
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eBattery is the largest piece Electric Power in kW

of increased vehicle content
’A“ degrees Of hybridization Source: U.S. Department of Energy
are being actively pursued

with full hybrids comprising

the most vehicles sold
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5% penetration of Li-lon Battery Demand by OEM and Supplier
hybrid batteries into fleet - i
sales results in a $6B market | ; « — | [
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batteries will grOW and Stay Source: Institute of Information Technology, Ltd
a large piece of the market
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eNickel content makes up
almost 35%0 the cost of a
NiMH hybrid battery pack

eCost leverage for NiMH has
been already achieved due to
existing consumer NiMH
demand, and cell similarities

eLithium lon hybrid batteries
are widely expected to have
long-term cost benefits due
to low commodity content

eSeparator represents —1%0
of a NiMH hybrid cell, but
~10%b for lithium ion cells

eLi-lon has weight, energy
and efficiency advantages

Cost Structure of Hybrid Batteries
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e Major large format chemistries include sodium sulfur, zinc
bromide, and vanadium redox.

e Solar and wind are major PULLERS as generation is not
coincident with demand

e Utilities say they have significant demand; batteries can
allow peak shaving, load shifting and deferred
maintenance of switchyards or transmission lines

e Practical economics largely analogous to standby power
used in utility switch stations and central telecom plants,
and most of the current market activity focuses on proof
of concept or advanced demonstration projects

e Demonstration projects with lead acid, nickel metal
hydride, and lithium ion have shown these chemistries
work but have significant cost and other limitations
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Storage Power Power . G_r i.d !_o_ad
Parameter Quality Backup for Regulation Stability & Shifting &
Outages Reliability Leveling
Capital Cost 400 700 300 - 1000 300 load
($/kW) leveling
400-100 peak
shaving

650 renewables

US Market 30-40 70-100 80 (cost
(GwW) sensitive)
Storage Power Up to 100 kW 1 to 50 MW  Up to 200 MW 10MW to 1 GW 1MW to 1GW
Level
Discharge at O to 5 sec Minutes to Seconds 20 min to 2 1 to 8 hours
Rated Power Days hours
Capacity Up to 1 min Months to years Seconds Weeks Hours to Days
Lifetime (yrs) 5 20 20 40 7-10
Other Long Cycle

Length

Source: U.S. Department of Energy and Merriman Curhan Ford
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Flow Battery Illustration
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This research has been prepared by Merriman Curhan Ford & Co., a wholly owned subsidiary of Merriman Curhan Ford Group,
Inc. Some companies Merriman Curhan Ford & Co. follows are emerging growth companies whose securities typically involve a
higher degree of risk and more volatility than the securities of more established companies.

The securities discussed in Merriman Curhan Ford & Co. research reports may be unsuitable for some investors depending on their
specific investment objectives, financial status, risk profile, or particular needs. Investors should consider this report as only a
single factor in making their investment decisions and should not rely solely on this report in evaluating whether or not to buy or
sell the securities of the subject company.

Regulation Analyst Certification (“Reg. AC”)

All of the views expressed in this research report accurately reflect the research analyst's personal views about any and all of the
subject securities or issuers. No part of the research analyst's compensation was, is, or will be, directly or indirectly, related to the
specific recommendations or views expressed by the research analyst in the subject company of this research report. Research
analysts are not directly compensated for specific revenue generated by the firm’s investment banking transactions/activities.

General Disclosures

MCF & Co. expects to receive or intends to seek compensation for investment banking services for all of the companies in its
research universe in the next three months. Investors should assume that MCF & Co. is soliciting or will solicit investment banking
or other business relationships from the companies covered in this report in the next three months.

Security prices in this report may either reflect the previous day’s closing price or an intraday price, depending on the time of
distribution.

Merriman Curhan Ford’s full research universe and related disclosures can be downloaded from
http://www.mcfco.com/investment_bank/research/research_library _home.php. Applicable current disclosures for this report can be
obtained by contacting editorial@mcfco.com or via postal mail at Editorial Department, Merriman Curhan Ford, 600 California St.,
9th Floor, San Francisco, CA 94108.

Merriman archives and reviews outgoing and incoming email. Such may be produced at the request of regulators. Sender accepts
no liability for any errors or omissions arising as a result of transmission. Use by other than intended recipients is prohibited.

The information contained herein is based on information obtained from sources believed to be reliable but is neither all-inclusive
nor guaranteed by Merriman Curhan Ford & Co. No independent verification has been made as to the accuracy or completeness of
the information, if any, reflect our judgment at the time the report is first published and are subject to change without notice.
Merriman Curhan Ford & Co. does not undertake to advise you of changes in its opinion or information.

Member FINRA/SIPC. Copyright © 2008. All rights reserved. Additional information supporting the statements in this report is
available upon request.
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