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Category of Batteries

Close system

4 | )
Primary Battery

Irreversible chemical reaction

{ Secondary Battery ]

Reversible chemical reaction, Rechargeable

\_

Open system

J

Fuel Cell

Electric generator by fuel supply and gas exhaust




Importance of electricity storage

Towards carbon neutral until 2050
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Recent world situation on EV

Norway: 100% EV by 2025

England, France: 0% combustion vehicle by 2027
India: 100% EV by 2030

Japan: 70% PHEV or EV by 2030

China: 10% EV last year

Daimler stopped developing combustion engine
(2019. 9. 19, focusing on EV powertrain)

General Motors (GM) 100% changed their factory
at Detroit to EV production.
(2020. 1. 27, investing $3,000,000,000)




EV Battery : 30 times for coming 10 years !
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Infrastructure

Toward Sustainability - Element Strategy

The Elements According to Relative Abundance

A Periodic Chart by Prof. Wm.F. Sheehan, University of Santa Clara,CA 95053
Ref. Chemistry,Vol.49.No.3. p 17-18,1976

Colors suggest
relative electro-
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Reprinted from 1978 > Calendar

gested by the positioning of neighbors. The chart emphasizes that in 8
Roughly, the size of an element’s own niche ('l almost wrote square”) real life a chemist will probably meet O, Si, Al, . . . and that he better
is proportioned to its abundance on Earth’s surface, and in addition, do something about it. Periodic tables based upon elemental abun.
certain chemical similarities (e.g., Be and Al, or B and Si) are sug-  dance would, of course, vary from planet to planet. . . W.F..
NOTE: TO ACCOMMODATE ALL ELEMENTS SOME DISTORTIONS WERE NECESSARY, FOR EXAMPLE SOME ELEMENTS DO NOT OCCUR NATURALLY



Energy Density [Wh/kgl

History of Secondary Batteries
(Energy Density)
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Power density exceeding combustion engine
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Why called lithium “ion” battery ?
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Dendrite growth
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Lithium-ion battery: A Novel prize winner
What's inside and technical issues?
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2019 Novel Prize in Chemistry
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Nobel Prize in Chemistry

For Lithium-ion Batteries
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With Prof. John. B. Goodenough, 1997
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Battery explosion




Explosion of note PC and EV
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Dilemma in battery development

Trade off

)

Larger energy density Safety guarantee

Lager size
Compromise




Frontier Researches vs. Terminate Researches

Discussion Point

Next generation battery ?
Innovative battery ?

What is really necessary ?



Overviewing battery technologies

What's going on Japanese national project

RISING3, ALCA-Spring ($ 50,000,000 /year)
4' Emerging | Metal-Air[Battery

AnionXransportBattery
Sulfur[Battery
Multi-Valent[8attery

HigherMBnergyKensity

Lithium-ion/Battery

Additionall¥alue Element Strategy ($ 2,000,000 /year)

-] Derivatives | HighiConcentration (HighVoltage & Power, Fire-Extinguishing)

lonicKliquid (Middle-HighXlemperature&peration,[Kigh[8afety)
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(Hybrid) 3| Re-designed[Kllanufacturing
Capacitor Polymer[kFlexibility,[Qtacking,KsefKletal[Anode)

L Anti-Corrosion&NXightly-ClosedMlanufacturingl

All[golid-State)Btacking,[Klow-Temperature[&peration)

Solid-EV ($ 40,000,000 /year)




Tesla’s realistic strategy

Diversified Cathode Approach
Li(Ni,Mn,X)0, Li(Ni,Mn,X)0,
Ni < 80% Ni > 80%
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IRON BASED NICKEL + MANGANESE HIGH NICKEL
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Cell size : 18650 - 2170 - 4680
Mounting : Cell=—Muodule=—Rack== Chassis



