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Ovonic Advanced Battery Technology A E 2
NiMH Leadership, Li Cathode Materials, Proton-lon ovoniclfovoncs|

U NiMH - Industrially Important Chemistry
A Widespread adoption in Consumer & HEV

et
'-~'..
. c

A Continuing to improve Energy, Power, Life, Temperature, Cost
A Stationary Batteries for emerging Telecom & Smart Grid

U Lithium lon Cathode Materials
A NMC, NCA proprietary position (strong patents and technology)
A High performance materials available to customers
A Lowest cost Precursor manufacturing (CapEx and OpEx)
U Proton-lon (MH-Air)
A Metal Hydride anode, Ovonic alkaline fuel cell cathode
A 200 Wh/kg practical
A Safe, long life, high power

Ovonic Materials Expertise T NiMH, Li-lon,
Proton-lon
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Ovonic Battery Licensees —+ EM
Fundamental Worldwide Patent Position gaene]ovonc]
BYD Shenzhen EPT Battery Co. Ltd. The A 96 United States Patents

Canon Panasonic i PEVE Palenl B()al‘d

Cobasys Saft AWorld wide counterparts
Daido Steel Samsung L.

Energizer SANIK Battery Co., Ltd. A3rd Party recogmtlon Of
EDK Sanoh patent value

Furukawa Sanyo Electric Co. AOVOHiC hlghly ranked in
G4 Synergetics Shenzhen GREPOW Battery Co., Ltd. En ergy |ndustry

Gold Peak Batteries Shenzhen High Power Tech Co. . . .

GS-Yuasa Sovlux Battery AOVOHIC Ilcensmg and

royalty business model
unmatched in Battery
Industry

Guangdong Shida Battery TMK Power Industries Ltd.

Guangzhou Great Power

Battery Co., Ltd. Toshiba Battery

Harding Energy TWD Battery OCEAN TOMO 300~

PATENT INDEX

Henan Huanyu Group Co. Ltd. Union Suppo Battery Company

OCEAN TOMO 300™ PATENT INDEX

Hitachi Maxell Unitech Battery Limited
Ocean Tomo Introduces First
Hyu ndai USABC Equity Index Based On Value Of
Intellectual Property
KAN BATTERY Varta Microbattery
Lexel Battery Walsin

McNair Technology Co. Ltd.  YiYang Corun Battery Co. Ltd.

Nan Ya Plastic

http://www.energyconversiondevices.com/licensees.php
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All Major NiMH producers are Ovonic Licensees E,w:a

DURACELL ICF. AN 4o

s eneIOOp Panasonic

Technalogy creating /
FDK GS YUASA

I - AT EBREERA S

MW R SHENZHEN HIGHPOWER TECHNOLOGY CO,,LTD.

iﬂe/gyze/
s

A Strong growth of NiMH replacement of primary alkaline

A Strong consumer value

A Environmentally responsible

September 29, 2011 4



LEADER IN

BATTERY
SOLUTION

Advantages
of NiIMH
Power
Battery

GP Batteries is honored to receive the 2011 Global
Competitive Strategy Leadership Award in Nickel
Battery Systems from Frost & Sullivan.

As one of the world's largest suppliers of Nickel Metal
Hydride (NiMH) batteries, GiP Batteries has been
producing high performance and reliable NiMH batteries
for diverse applications, including electric vehicles. In
2008, it introduced GP ReCyko*, a new generation
rechargeable battery with superior charge retention and
ready-to-use features making the battery an ideal
replacement for disposable alkaline batteries.

www.gpbatteries.com

GP Batteries

Powering a Greener Tomorrow & product of Gold Peak Group.
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A Environment
A Performance

A Technology

Chinese government crackdown on lead-acid manufacturers i huge closures
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Commercial Hybrids use NiMH
Exceptional Track Reco_rd of Success lovonucifovonics |
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HEV battery market worldwide, million $

Toyota Prius 2000-2020
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SOURCE : THE RECHARGEABLE BATTERY MARKET 2010-2020 , AVICENNE, MARCH 2011

A Over 3 million hybrids sold with NiMH
A Proven safety, life, reliability and cost
ANMHIALIi fe of the Car
A Majority of hybrids are NiMH
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NiMH Future in HEV Remains Strong Eiﬁ

ovanics}

Automotive News December 10, 2010

Ai st i with older generation nickel-metal hydride
batteries for as long as another decade.o -

Ail i t hon batteries gradually will be introduced, but
they will be reserved mostly for plug-in hybrids and
electric vehicles.o

Ad h y b r rieedsbatteries that discharge and recharge
rapidly, a trait better suited to nickel i metal hydride.o

Nl n conventional hybri d vehijicl es
use NiMH batteries in the near term. The technology has
proved its value over 12 years of mass production and is
extremely reliable. Quite far in the future before NiMH
replaced by Li-l on. 0
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NiMH HEV Modules ~/+ g;;
Double Depth of Discharge (104 20%) while maintaining Life ovoriclfovonics|

Consumer Reporolsd APLrOi uwseasrt i I I outperfor

A NiMH battery pack showed no signs of degradation after 10 years of use
A 2002 Prius (w/ 202,000 miles)

A 40.4 mpg (40.6 original) fuel economy

A Equivalent acceleration

HEV Power Assist Cycles

40 [ 2500 Larger DOD swing
" i—,-r""*’*‘*—‘ Excellent20% DOD || .~ AReduce HEV NiMH battery
] cycle life - size- 1.6kWhY 0.8kWh
= : 2
z i =
< 20 —o—0-0-0-0 1500
3 o\./ ; 2
[@]
o] HEV Target i 2
o0 o 2 Hal f tpe
>
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Vehicle NiIMH Technology Roadmap

Current Status

100 2500 7 Sy
mEnergy (Whkg) ~\ s AT
mPower (W/kg) d Advanced Ovonic MH AIon

—~ 80 - - 2000 — R, W
g’ g f#ﬁ‘“}x ~ P -
5 60 - - 1500 %
>
> S
e o
w40 A - 1000 ©
L 5
.a 8
L 20 - - 500 0
n

0 - 0

Commercial Gen | - Current Target
1600
P=2/3Vc*1/3lyax
1400 10 Second Pulse
35C

1200
2
E 1000
& 800
3
g 600 Advanced Design
T 400 5.4 Ah
g 80 Whikg
& 200 900 W/kg

0 +
100 80 50 20 0
% STATE OF CHARGE

September 29, 2011



NiMH Battery Price Increase ~/+ | en

Market Prices for Rare Earths and Nickel ovon.ciovoncs}

Cost [$/kgl

SR i Prices have doubled in 2011:
ANeodymium: $250/kg
APraseodymium: $250/kg
ALanthanum: $140/kg
ACerium: $140/kg

o
o

AMH alloy joint venture with OBC
(Rare Earth Ovonic)

.‘—”‘.'. o 3 - ~
J : i, Ll 1 AMischmetal demand and price
Increase

September 29, 2011 10



Low Cost Metal Hydride Development E"‘fa

AElimination of Pr, Nd reduces AB5 formula costs by 13%
AnB2 alloy reduces costs by 72%, increases capacity by 26%

Conventional AB5 $68/kg Capacity (MARG)

AB5w/o Pr,Nd  $59/kg AB2-1 399
AB2-2 392

AB2 $19/kg ABS 310

September 29, 2011 11



NiMH T Cold Temperature Performance to -30°C

o
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ovancs|

600 ]l ]l T i
70% SOC Specific Power
550 -+ -30° =
30°C ARERRR LD
500 += P=1/2Voc*1/2lmax . = = 3
C. 10C 2 Second Pulse method Ovonic Gen 111 340 Wikg United States Patent (9 (1] Patent Number: 5,536,591
;a 450 == Ovonic Gen 11 273 W/kg H Fetcenko et al. 4s] Date of Patent: Jul. 16, 1996
= '\ . — — —_ —
Ovonic Gen | 196 W/kg |4
E 400 \ . . 9 [54] ELECTROCHEMICAL HYDROGEN (58] Field of Search . 429/57, 59, 101;
[, . Commercial HEV NiMH 0 W/kg STORAGE ALLDV:I:;)R NICKEL METAL .1, 586, 586.1, 900
HYDRIDE BATTERIE
g \ (56) References Cited
[75] Inventors: Michael A. Feteenko, Rochester Hills; s ‘
8 300 . [ S ———4 Stanford R. Ovshinsky, Bloomficld U.S. PATENT DOCUM!
%) L\ I~ b Hills; Benjamin S. Chao, Troy; 4_7:»,;:2 ;/:;:; l\;cnlul:un etal ﬁéﬁ;‘
W 4849205 7/ ong . 3
[ 20 \ \ all of Mich. = 5.407,761 41995 Ovshinsky et al. ..
O 200 N o Primary Examiner—Stephen Kalafut
TN [73] Assignce: Ovonic Battery Company, Inc., Troy, : sty 3 ; s
& / TG i R e
@ Ovonic NiMH GenI__| [21] Appl. No.: 423,072 57) ABSTRACT
100 Ovonic NiMH Gen I [22) Filed: Apr. 17, 1995 ;\n t:::;rdmd electrochemical hydrogen storage alloy com-
Related U.S, Application Data oADK
50 " = ) ; } jase Alloy),Co, \Sa,
[-commercial HEV Ntk | (65] Commmmon - S No,36066,05 1419932y e B Aloy compeses 0.1 1060 somic percet T,
0 T 934,976, Aug. 25, 1992, Pat. No. 5,277,999, which is a 0.1 to 40 atomic percent Zz, 0 1o 60 nloqnc percent V, 0. I o
continusiion in-pait of Sct. No. 746,015, Aug. 14, 1991, Pat. 57 atomic percent Ni, and 0 to S6 atomic percent Cr; b is 0
100 80 70 50 No, 5,338,756, which s 3 contisuation-a part of Ser. No. 10 7.5 atomic percent; ¢ is 13 to 17 atomic perceat; d is 0 to
0 0 SERIUE. Ton 5, 1900 Xal. Mo 000007 3.5 atomic py::ccm: cis 0 to 1.5 atomic percent; and
9 (51) Int CL® . HOIM 4/38  asbic+d+e=100 atomic percent.
% STATE OF CHARGE (52] US.CL ; 420/101; 420/584.1;
420/586; 420/586.1; 420/900 43 Claims, 1 Drawing Sheet

Darktieid

A Standard NiMH cold cranking
upgraded by MH alloy surface

A Proprietary surface oxide
allows Power at -30°C

MF62- Etched
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Ovonic Nickel Hydroxide

Improved Temperature Performance from GreenLife™ Ni(OH), ~~ [EEsE

>0 100 ~
> !
250 ~ g
a 80 +
0]
S 200 - g
§ 5 60 +
5 150 | 3
g 150 g
s £ 40 1
1001 Commercial Ovonic o
. _ -
50 | Ni(OH), GreenLife S 20
1 x
Ni(OH), <
0 | | | | | | 0
0 400 800 1200 1600 2000 2400 2800 Commercial Ni(OH)Z GreenLife Ni(OH)2
Cycles
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Ovonic Cathode Manufacturing

BA T ol SR U Spherical particles

Li-lon . ~6 microns

U Tap Densit
Cathodes P Y

U Surface Area

U Average Particle

Size
USA Manufacturing A Nickel Cobalt Aluminum (NCA)
since 1996 A Nickel Manganese Cobalt (NMC)

NiMH

A Ni(OH)2 key component in NiMH cost
and performance

A Enables 75°C charge acceptance

A Extends life through oxygen
suppression

September 29, 2011 14
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Ovonic Li-lon Cathode Technology
NMC, NCA Focus
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U 32 Issued US Cathode Patents (plus foreign Market Share by Chemistry

counterparts)

100%

U Fundamental Cathode position .

mNMC
@LMO
mLFP
EINCA
mLCO

A Multielement, engineered microstructure .

b Stoichiometry, crystallinity, modifiers and
dopants

A Coatings for conductivity, poisoning 0%
resistance

2009 2010 2011 2012 2013

Source : IIT, Avicenne + internal data (2010)

A Composite materials i conductive additives Strong growth of NMC

A Layered and gradient materials Cathode Materials
A Processing

U Process, materials, battery products
covered

U Licenses available

September 29, 2011 15
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Ni(OH), Host Matrix

Applicable for Intercalation of Hydrogen and Lithium lons lovor

Ni-MH and Li-ion : Both have a layered structure as a cathode material

Nickel layer H* L

Ni-MH battery HNiO, or NIOOH |——— H;NiO; or Ni(OH),
or H-ion battery

Discharge
—_

HNiO, or NiOOH

\ 4

NiO,

\4

LiNiO,

\ 4

NiO,

Li-ion battery

September 29, 2011 16



Key Patent for Next Generation Lithium Cathode ~/+ inke
Layered-Compositions Covered by Ovonic Patent Srviny) N,

" e ates Patent b e U s ACovers promising material for next-
generation Li-ion cathode materials

(34) NICKEL HYDROXIDE ELECTRODE (38) Field of Search . 4290223, 230,

MATERIAL AND METHOD FOR MAKING 4202316, 2181, 220, 224
THE SAME . .
56 References Cited
(75)  Inventors: Cristian Fierro, Norhville: Michael A, 9 A OVO n I C p rocess Id eal
Feteenkn, Rochesier Hills; Stanford B, U5, PATENT DOCUMENTS
Ovshinsky, Bloomficld Hills; Dennis A. SEN2EN A TU100E Shin el al, o, 423502
Corrigan, Troy; Beth Sommers, BT A+ 32000 Jupich . A7215

i o ) L AOthers trying to create these materials are

FOREIGN PATENT DOCUMENTS

(730 Assignee: Owonle Battery Company, Inc, Troy, I 114919+ 5995 = =g . . -
) Bl il at a significant disadvantage without Ovonic

(*} Motice:  Subject lo any disclaimer, the term of this — # cited by examiner

TN iy 0d ™™ inars Examiner— s W processing tech nology

(74) Atrorney, Agent, or Firm—Dean B, Watson; Marvin 5.
Siskind

(20) Appl. No.: 09/619,039
(22) Filed:  Jul. 18, 2000 (57) ABSTRACT

Related LS. Application Data A nmickel hydrowide particle having & fisst active nickel

(510 It ©L7
(52) US.ClL .
M Clabms, 2 Drawing Sheets

Claim 1. A positive electrode
particle comprising a first active
positive electrode material; and

a second active positive electrode
material disposed about the first
material, the second active positive
electrode material is at least 20% of
the particle mass.
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Lithium Cathode Materials T Commercially Available

72-Connands  Esc-exit

< ) "D -l 3330, > -~ | / \ /' ' 4
D X SN & e e e KN o BANSS
’2 "‘-;,’)}»{;;_: \.)), 3, ) ) 77 at hlgh magnlﬁcat)on 100 bt — 10
y < ) 3 \Z . 3 \ o ,
u 7 1
" F
60 6
v 50
. .
H 3 u
'E 20 2
) “
0 bt ! 0
0.1 1 10 100 1000

MICRONS

NMC (532) Lithiated
Particle Size (average) 7 1071 12 microns [ Capacity ~ 150-160 mAh/g

Tap Density i 227 2.4glcc Surface Area: <0.5 m?/g

Surface Area I 10 m2/g
Na <300 ppm
SO, <0.6 wt-%
Fe <5 ppm

September 29, 2011 18
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Electrochemical Testing ~f+ EW

Fox ]

Ovonic NMC Lithium Cathode Materials guonucl ovonics |
4.4
N Cycle
4.2 Charge: C/10 to 4.3V
Discharge: C/10 to 3.0V
4.0 —
< 38|
[<B)
N L
o Capacity
~ Al (mAh/g)
3.4 —
B Ovonic NMC
532
3.2 — (532)
— Commercial 165
—— Commercial
3.0 — —— Ovonic NMC (532)
58 | | | | | |
0] 25 50 75 100 125 150 175

Capacity (mAh/g)

U Ovonic offers USA made high purity NMC and NCA precursor materials
I Multiple formulas (NMC 532, 111, custom)
I Customer specified physical properties (tap density, particle size)
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Ovonic Cathode Materials
Process Advantages

Ovonic Precursor Process

U One reactor, simple process
U Easy scale up

U Low capex, opex

U High throughput

U High yield, 6-sigma

U Zero startup scrap

U Proprietary low cost NiSO4

September 29, 2011

Automated 24/7 operation

Low Labor

SPC control
6-Sigma quality
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Ovonic NiMH Stationary Value Proposition
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Stationary NiMH advantages over Lead-Acid

2-3X space reduction

Technology Lower operating costs

Wider range of operating temperature

Wider depth of discharge under cycling

Format BMS
Temperature Energy
| 80 160
» 70 140
g 60 _ 120
50 'g 100
: : Sy g 40 En 80 BWh/L
Stationary NiMH vs. Lithium-lon £ X
. © 30 c B Wh/kg
Comparable energy per volume, long life K - *
Wider operating temperature range, proven 10
safety, reliability, and cost .

VRLA NiCd Li-ion NiMH VRLA NiMH Li-ion

September 29, 2011
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Stationary NiMH Technology Roadmap
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Present NiIMH

A Cost:$800 / kwWh (Prototype), $400/kWh (Volume) » A $200 / kwh

A Temperature range: 0 to 50°C
A In-house testing

Advanced NiIMH

A Temperature range: -30 to 70°C
A Complete 3 party testing

Projected Costs

NiMH
NiCd
m Current

VRLA . m Projected
0 5

00 1000 1500
September 29, 2011 $/kWh

20

Renewable Cycle Life

1000000
100000
10000
(%]
Q 1000
O .
5\ Opportunity
100 I 3500 cycles target for Renewable
Storage
10 I Lead acid limited to 30% DOD

I NiMH capable at 75% DOD

100 90 80 70 60 50 40 30 20 10 0
Depth of Discharge (%)

22
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Stationary NiMH
Telecom & UPS are Bridge to Smart Grid

o

g
8]
S 12
RIS

C Cooperation Strategy
T
n A All areas of the value chain
ATechnoIogy T Utilities, distributors, installers
A R&D, Testing Product Strateqy
A Advanced Designs _ A Initial testing in telecom, UPS
) ¢ . .
ANiIMH Volume Manufacture o i Develop and validate BMS
o
ABMS g i In-house and 3 party testing to industry
- ) standards
A Certifications
Market Strategy
A Sell NiMH batteries into Telecom and UPS market
= E— et | ¢ i Demand for lead acid alternative
E Utility 3
D i Li-lon too expensive
0 A Entry point to validate NiMH for Smart Grid usage
UPS a

September 29, 2011 23



Telecom Industry NiMH Battery Standard

"
DE
R

Draft
Specifications

OMD review

2 Telcordia.

Recommended Requirements for
Nickel Metal Hydride Battery Systems
for Use in Telecommunications

Taloorda Tachnaiogkes Spacial Fapart
=316
s 1, August 3010 - DRAFT

Commants Raqusiod Soa Prataca)

- Corteorn st o 2
T T T TS T e e B o
e e e

Technical
review panel

September 29, 2011

approved

Develop industry

NiMH battery standard

Publish
GR-3168
Standard

Ovonic Battery

Model: Prismatic — 100 Ah

Data Sheet~"
Tyea Pmemirtic: Pochaigeatsa Mcksl betsl
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L= 35 mim
[P e e ——
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Feluruany 2010 & 2000 Eneigy Comesrsion Dievios — Propsatary & Confidantal
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NiMH for Telecom &:
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Telecom Switching - VRLA

AUncontroIIed outdoor environment
AAO C + reduces VRLA life

ATemperature control adds cost

NiMH Stationary Batteries

/. Long cycle life and calendar life 10 Year Lifecycle Cos
/. High temperature tolerance (70° C) _ $20,000
- . & $15,000-
/. Cold temperature capability to -30° C © $10,000
/' Reduced maintenance & operating 2 000 B t
(@) $0 - T T - T
cost L
0 VRLA NiCd NiMH Lon

/. Tolerance to 80-100% depth of
discharge

September 29, 2011 25




Proton lon Battery (MH-AIr) i 200 Wh/kg Practical
ovonics |

A NiMH Batteries
NIOOH/Ni(OH), ®
A 45-110 Wh/kg for Power and Energy Designs '

| ot
i ZZZ';;: 4 = Useful capacity
A Safety and Life proven L

MH/Metal ©) /ﬂ

A Metal-Air replaces Ni(OH), with Air electrode GRS iechaipptesense
MH + Ni OOHNI@H,MEA = 1.

Sas

A Specific Energy i 200 Wh/kg demonstrated _ _
Air Electrode in KOH Electrolyte

A Ovonic Fuel Cell air electrode experience O,+4e +2H,0 Y - 4 C
A MH-Air overcomes the Li-Air obstacles, No insoluble reaction product to
practical approach block active surface

A Uses proven MH alloys for anode
A Safe metal anode
A Good rate capability

A High power air electrode in aqueous electrolyte

A Life (calendar and cycle) proven in NiMH

A MH Air earlier pathway to commercialization
September 29, 2011 26




MH-Air Battery Design (Proton-lon)

1000 T

800 T

600 T

P=2/3Vc*1/3l\yax
10 Second Pulse

400 T+ ©

200 T1 power - 530 W/kg

SPECIFIC POWER (W/kg)

0
100

September 29, 2011

50 20
% STATE OF CHARGE

Specific Energy (Wh/kg)

Capacity(Ah)

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

204 Whikg

Present Target
100% DOD
20 40 60 80 100 120
Cycle
27



