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Performed a study of a variety of emerging battery technologies.

What was learned ?

There are several interesting market trends.

There are several competing technologies.

Gained an insight into the methods of selecting a battery 
technology tailored for an application.

There is still a lot to learn.

Overview



What is a Battery ?

◼ Batteries are active electrical energy storage devices.

◼ Primary Batteries: Non rechargeable.
◼ Secondary Batteries: Are rechargeable.

◼ All batteries use a Redox reaction (Reduction/Oxidation)
to supply electrical power. (Chemical Reaction).
Primary Batteries: Redox reaction is one way (can not be reversed).
Secondary Batteries: Redox reaction is reversible.

Chemistries types.

◼ Aqueous Chemistries. (Wet electrolyte ie acid) Example :SLA
◼ Gel chemistries. (Gel Electrolyte) Example: Lithium Polymer.
◼ Dry Chemitries: (Dry Electrolyte) Example: Zinc Air

Fuel Cells ? Reactants need to be continuously supplied. New technologies on the horizon
To store reactants in solid state.



World Battery Market



Rechargeable Battery Market



Rechargeable Battery Market 
Segmentation

* Renewable Alkaline and  Zinc based batteries are not considered to be a key Market Segment



Quick Comparison of Key Players

◼ Nickel Cadmium (NiCd) — mature and well understood but relatively low in 
energy density. The NiCd is used where long life, high discharge rate and 
economical price are important. Main applications are two-way radios, 
biomedical equipment, professional video cameras, and power tools. The 
NiCd contains toxic metals and is environmentally unfriendly.

◼ Nickel-Metal Hydride (NiMH) — has a higher energy density compared to 
the NiCd at the expense of reduced cycle life. NiMH contains no toxic metals. 
Applications include mobile phones and laptop computers. 

◼ Lithium Ion (Li-ion) — fastest growing battery system. Li-ion is used where 
high-energy density and lightweight is of prime importance. The technology is 
fragile and a protection circuit is required to assure safety. Applications 
include notebook computers and cellular phones.

◼ Lithium Ion Polymer (Li-ion polymer) — offers the attributes of the Li-ion 
in ultra-slim geometry and simplified packaging. Main applications are mobile 
phones.



Market Growth Opportunities



Market Drivers for Batteries

Many applications = Many Battery types



Comparing Storage Technologies
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Key battery trade offs.



Where do the Battery Technologies fit ?



Where Lithium Ion is Headed



Lithium Ion Technologies Dominate
Consumer Applications

◼ Li-Ion based battery technology expected to continue 
dominate for the next 5 years.

◼ Soon to be integrated into the HEV market. (Toyota migrating 
to Lithium Ion technology).

◼ Demand is high, yet prices are not going down ?

◼ Lithium demand is keeping prices up ?



The Technology Maturity Curve.



Watt Hours per Dollar



Comparing Costs of Key Battery 
Technologies

230460,000128$4.27Lithium-ion

140140,00039$1.50NiCad

300340,00095$0.99NiMH

92130,00036$0.31Carbon-zinc

320400,000110$0.19Alkaline long-life

100146,00041$0.17Lead-acid

Wh/literJoules/kgWh/kg
Cost

$ per Wh

Battery

Type



Profitability Comparison of 
Rechargeable Technologies



Current Li ion R&D Paradigm
R&D Efforts

◼ Current R&D focus is energy density.

◼ R&D efforts are shifting to improving power density.

◼ Advanced modeling techniques are being used to research 
new cathode materials.

◼ Improvements are occurring at a rate of 2 to 3% per year. 
(Definitely not following Moore's Law)

◼ Lithium not reaching full potential due to safety.

Challenges

◼ Portable electronics are reaching ergonomic limits of the 
technology.

◼ Form factor is becoming an issue.

◼ New and more rigorous regulations and testing standards are 
soon to have an impact.



Short term Focus of 

Rechargeable Manufacturers
Cost Reduction

◼ Reducing costs of basic cell components.

◼ Anode/Cathode account for 50% of battery cost. (Seperator 
and electrolyte account for 20%)

◼ Manufacturers are moving operations out of areas with high 
labor cost, such as Japan, and moving to China, Korea, and 
India.

Challenges

◼ Margins average at 5%.

◼ Price Wars !

◼ Battery manufacturers need to differentiate themselves.

◼ Striving for operational excellence.

◼ Improved customer service.



Cost Stack up of Li-ion Batteries



Summary of Challenges to the 
Battery Industry



Inside a Lithium Polymer Battery



Inside of a NiMh Battery



Advancements to Watch For

◼ Lithium Ion Technology in Medical devices

◼ Silver-Zinc

◼ Lead Acid

◼ Nickel Zinc

◼ Rechargeable Alkaline

◼ Thin Film Batteries



Lithium Ion Technology in Medical 
Devices



Medical Applications

Requirements:

Long life and or rechargeable.
Safety



Silver Zinc



Reinvigorating Lead Acid

Advancements are being achieved by increasing the active surface are of 
the electrodes. Similar concept to that is used in Supercaps.



Nickel Zinc



Rechargeable Alkaline: 
Replacement for NiCd



Fast Charge with Alkaline



Low Cost Materials



Good Performance



Thin Film Batteries



Energy Density for Thin Film



The Future is coming

◼ Amorphous silicon solar cells combined 
and  combined with thin film polymer 
batteries.

◼ Fuel cells advancements with new 
Hydrides for hydrogen storage.



Methodology for Selecting a Battery

Similar to hazard and failure analysis techniques.



Use of Weighting



Rating categories.



Radar Chart



The Decision Tree



When this happens !



.Gov and .org to The Rescue!



More regulation.



More Testing Standards for Lithium 
Ion Batteries



Testing Batteries for SOH



Impedance Spectroscopy to Measure “SOH”



Summary and Predictions

Summary

◼ Lithium Ion will dominate in growth markets for the near term.

◼ Lithium Polymer is near form factor limits.

◼ Advancements will occur with exotic metal mixes within the 
cathode/anode. 

◼ New Electrode configurations will reinvigorate old battery 
technologies.

◼ Manufacturers will face material shortages and price pressure.

◼ Regulatory pressures and green initiatives will have impacts on all 
battery technologies.

Predictions

◼ There will be consolidation in the battery industry.

◼ Ventures/mergers between startup R&D and manufacturers will 
increase.


