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üNiMH - Industrially Important Chemistry

Å Widespread adoption in Consumer & HEV

Å Continuing to improve Energy, Power, Life, Temperature, Cost

Å Stationary Batteries for emerging Telecom & Smart Grid

üLithium Ion Cathode Materials

Å NMC, NCA proprietary position (strong patents and technology)

Å High performance materials available to customers

Å Lowest cost Precursor manufacturing (CapEx and OpEx)

üProton-Ion (MH-Air)

Å Metal Hydride anode, Ovonic alkaline fuel cell cathode

Å 200 Wh/kg practical

Å Safe, long life, high power

Ovonic Advanced Battery Technology
NiMH Leadership, Li Cathode Materials, Proton-Ion

Ovonic Materials Expertise ïNiMH, Li-Ion, 

Proton-Ion
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BYD Shenzhen EPT Battery Co. Ltd. 

Canon Panasonic ïPEVE

Cobasys Saft

Daido Steel Samsung

Energizer SANIK Battery Co., Ltd.

FDK Sanoh

Furukawa Sanyo Electric Co.

G4 Synergetics Shenzhen GREPOW Battery Co., Ltd.

Gold Peak Batteries Shenzhen High Power Tech Co.

GS-Yuasa Sovlux Battery

Guangdong Shida Battery TMK Power Industries Ltd.

Guangzhou Great Power 

Battery Co., Ltd.
Toshiba Battery

Harding Energy TWD Battery

Henan Huanyu Group Co. Ltd. Union Suppo Battery Company

Hitachi Maxell Unitech Battery Limited

Hyundai USABC

KAN BATTERY Varta Microbattery

Lexel Battery Walsin

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

Nan Ya Plastic

Ovonic Battery Licensees
Fundamental Worldwide Patent Position

Å96 United States Patents

ÅWorld wide counterparts

Å3rd Party recognition of 

patent value

ÅOvonic highly ranked in 

Energy Industry

ÅOvonic licensing and 

royalty business model 

unmatched in Battery 

Industry

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

ÅStrong growth of NiMH replacement of primary alkaline

ÅStrong consumer value

ÅEnvironmentally responsible
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ÅEnvironment

ÅPerformance

ÅTechnology

NiMH

Lead-acid

Advantages 

of NiMH

Power 

Battery

NiMH for E-Bikes
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Chinese government crackdown on lead-acid manufacturers ïhuge closures
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Ford Escape

Toyota Prius Ford Fusion

Honda Fit Honda InsightÅOver 3 million hybrids sold with NiMH 

ÅProven safety, life, reliability and cost

ÅNiMH ïñLife of the Carò

ÅMajority of hybrids are NiMH

Commercial Hybrids use NiMH
Exceptional Track Record of Success 

Honda CR-Z
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Toyota Prius

NiMH Future in HEV Remains Strong
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Toyota: Weôll Stick with NiMH
Automotive News        December 10, 2010

Åñstickwith older generation nickel-metal hydride

batteries for as long as another decade.ò

Åñlithiumion batteries gradually will be introduced, but

they will be reserved mostly for plug-in hybrids and

electric vehicles.ò

Åñhybridsneed batteries that discharge and recharge

rapidly, a trait better suited to nickel ïmetal hydride.ò

ñIn conventional hybrid vehicles, Toyota will continue to 

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-Ion.ò
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HEV Power Assist Cycles 

10% Swing - Power 20% Swing - Power
10% Swing- Energy 20% Swing - Energy

HEV Target

NiMH HEV Modules 
Double Depth of Discharge (10Ą 20%) while maintaining Life

Excellent 20% DOD  

cycle life

Larger DOD swing 

ÅReduce HEV NiMH battery 

size - 1.6 kWh Ÿ 0.8 kWh

ñHalf the Size,

Half the Costò

Consumer Reports ñ10 year-old Prius still outperformsò

ÅNiMH battery pack showed no signs of degradation after 10 years of use

Å2002 Prius (w/ 202,000 miles)

Å40.4 mpg (40.6 original) fuel economy

ÅEquivalent acceleration
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Vehicle NiMH Technology Roadmap
Current Status
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Advanced Ovonic  MH Alloy

Cycled Electrode

330,000 HEV cycles

Embedded Nickel Fiber Ni(OH)2
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NiMH Battery Price Increase
Market Prices for Rare Earths and Nickel

Prices have doubled in 2011:

ÅNeodymium: $250/kg

ÅPraseodymium: $250/kg

ÅLanthanum: $140/kg

ÅCerium: $140/kg

ÅMH alloy joint venture with OBC

(Rare Earth Ovonic) 

ÅMischmetal demand and price 

increase 

Rare Earth Hi-Tech (worlds largest producer of Rare Earth elements)

10



September 29, 2011

Low Cost Metal Hydride Development

ÅElimination of Pr, Nd reduces AB5 formula costs by 13%

ÅAB2 alloy reduces costs by 72%, increases capacity by 26%

Conventional AB5   $68/kg

AB5 w/o Pr, Nd $59/kg

AB2                         $19/kg

Capacity (mAh/g)

AB2-1 399

AB2-2 392

AB5 310
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NiMH ïCold Temperature Performance to -30°C

ÅStandard NiMH cold cranking 

upgraded by MH alloy surface

ÅProprietary surface oxide 

allows Power at -30°C
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Commercial HEV NiMH

Ovonic NiMH Gen 
Ovonic NiMH Gen 

Ovonic NiMH Gen 
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Ovonic GreenLife Ni(OH)2

ˈ Provides abuse resistance, extends life

ˈ Enables Telecom OSP applications

ˈ Extends life cycle cost value of NiMH

Ovonic Nickel Hydroxide 
Improved Temperature Performance from GreenLifeTM Ni(OH)2
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üSpherical particles 

üTap Density

üSurface Area

üAverage Particle   

Size

Ovonic Cathode Manufacturing

Embedded conductive fibers, double layer

Particle size

~6 microns

ÅNi(OH)2 key component in NiMH cost 

and performance

ÅEnables 75°C charge acceptance

ÅExtends life through oxygen 

suppression

NiMH

ÅNickel Cobalt  Aluminum (NCA)

ÅNickel Manganese Cobalt (NMC)

Li-Ion 

Cathodes

USA  Manufacturing 

since 1996
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ü32 Issued US Cathode Patents (plus foreign 
counterparts)

üFundamental Cathode position 

Å Multielement, engineered microstructure

Ƅ Stoichiometry, crystallinity, modifiers and 
dopants

Å Coatings for conductivity, poisoning 
resistance 

Å Composite materials ïconductive additives

Å Layered and gradient materials

Å Processing

üProcess, materials, battery products 
covered  

üLicenses available

Ovonic Li-Ion Cathode Technology
NMC, NCA Focus

15

Strong growth of NMC 

Cathode Materials
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Ni(OH)2 Host Matrix
Applicable for Intercalation of Hydrogen and Lithium Ions

Oxygen layer

16
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Key Patent for Next Generation Lithium Cathode
Layered-Compositions Covered by Ovonic Patent

ÅCovers promising material for next-

generation Li-ion cathode materials

ÅOvonic process ideal

ÅOthers trying to create these materials are 

at a significant disadvantage without Ovonic 

processing technology

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 ïCommercially Available

Surface of a particle

at high magnification

Spherical particles

18

Particle Size (average)   ï 10 ï12 microns

Tap Density                     ï 2.2 ï2.4 g/cc

Surface Area                   ï 10 m2/g

Na                                        <300 ppm

SO4 <0.6 wt-%

Fe                                        <5 ppm

Capacity ~ 150-160 mAh/g

Surface Area: <0.5 m2/g

NMC (532) Precursor NMC (532) Lithiated
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Electrochemical Testing 
Ovonic NMC Lithium Cathode Materials 

ü Ovonic offers USA made high purity NMC and NCA precursor materials

ï Multiple formulas (NMC 532, 111, custom)

ï Customer specified physical properties (tap density, particle size)

Material
Capacity

(mAh/g)

Ovonic NMC 

(532)
168

Commercial 165

Cycle 

Charge:      C/10  to 4.3 V

Discharge: C/10  to 3.0 V

Capacity (mAh/g)
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Ovonic Cathode Materials 
Process Advantages

Ovonic Precursor Process

üOne reactor, simple process

üEasy scale up

üLow capex, opex

üHigh throughput 

üHigh yield, 6-sigma

üZero startup scrap

üProprietary low cost NiSO4

20

Automated 24/7 operation 

Low Labor

SPC control

6-Sigma quality
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Ovonic NiMH Stationary Value Proposition

Stationary NiMH advantages over Lead-Acid

2-3X space reduction

Lower operating costs

Wider range of operating temperature

Wider depth of discharge under cycling

Technology

BMSFormat

Temperature Energy

Stationary NiMH vs. Lithium-Ion

Comparable energy per volume, long life

Wider operating temperature range, proven 

safety, reliability, and cost

21
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Present NiMH
ÅCost:$800 / kWh (Prototype), $400/kWh (Volume)

ÅTemperature range: 0 to 50oC

ÅIn-house testing

Advanced NiMH
Å$200 / kWh

ÅTemperature range: -30 to 70oC

ÅComplete 3rd party testing

Stationary NiMH Technology Roadmap

Projected Costs
Renewable Cycle Life
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Opportunity  

ï 3500 cycles target for Renewable 

Storage 

ï Lead acid limited to 30% DOD

ï NiMH capable at 75% DOD
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Stationary NiMH 
Telecom & UPS are Bridge to Smart Grid

ÅTechnology 

ÅR&D, Testing

ÅAdvanced Designs

ÅNiMH Volume Manufacture

ÅBMS

ÅCertifications

Cooperation Strategy

ÅAll areas of the value chain

ïUtilities, distributors, installers

Product Strategy

ÅInitial testing in telecom, UPS

ïDevelop and validate BMS

ïIn-house and 3rd party testing to industry 

standards

Market Strategy

ÅSell NiMH batteries into Telecom and UPS market

ïDemand for lead acid alternative

ïLi-Ion too expensive

ÅEntry point to validate NiMH for Smart Grid usage
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Telecom Industry NiMH Battery Standard

Draft

Specifications 

OMD review

Technical 

review panel 

Develop industry 

approved

NiMH battery standard 

Publish

GR-3168

Standard 
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NiMH for Telecom

Telecom Switching - VRLA

ÅUncontrolled outdoor environment

Å40 C + reduces VRLA life

ÅTemperature control adds cost

NiMH Stationary Batteries

ÅLong cycle life and calendar life

ÅHigh temperature tolerance (70° C)

ÅCold temperature capability to -30° C

ÅReduced maintenance & operating 
cost

ÅTolerance to 80-100% depth of 
discharge
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Proton Ion Battery (MH-Air) ï200 Wh/kg Practical

ÅNiMH Batteries

Å45-110 Wh/kg for Power and Energy Designs

ÅSafety and Life proven

ÅMetal-Air replaces Ni(OH)2 with Air electrode

ÅSpecific Energy ï200 Wh/kg projected

ÅOvonic Fuel Cell air electrode experience

ÅMH-Air overcomes the Li-Air obstacles, 

practical approach

ÅUses proven MH alloys for anode

ÅSafe metal anode

ÅGood rate capability

ÅLife (calendar and cycle) proven in NiMH

ÅMH Air earlier pathway to commercialization

MH + NiOOH Ÿ M ïNi(OH)2 Eñ = 1.35 V

26

ÅNiMH Batteries

Å45-110 Wh/kg for Power and Energy Designs

ÅSafety and Life proven

ÅMetal-Air replaces Ni(OH)2 with Air electrode

ÅSpecific Energy ï200 Wh/kg demonstrated

ÅOvonic Fuel Cell air electrode experience

ÅMH-Air overcomes the Li-Air obstacles, 

practical approach

ÅUses proven MH alloys for anode

ÅSafe metal anode

ÅGood rate capability

ÅHigh power air electrode in aqueous electrolyte

ÅLife (calendar and cycle) proven in NiMH

ÅMH Air earlier pathway to commercialization

Air Electrode in KOH Electrolyte

O2 + 4e- + 2H2O Ÿ     4OH
-

No insoluble reaction product to 

block active surface
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MH-Air Battery Design (Proton-Ion)
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