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Batteries for the fully electric car

A The slides of the presentation refer to the following frame :

A Size of battery 10 kWh (plug -in) up to 20 -25 kWh (pure electric)
A Safety level at least Eucar 4 at the battery level

A Life duration : 8 -10 years

A Specific energy as high as possible

A Price as low as possible
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Strengths and weaknesses of Ltion technology

A Strengths :
A Excellent specific

p>N

energy (up to 200 *
Wh/kg) in energy cells

Good volumetric energy
of cells

Excellent cyclability
Good calendar life

Very high power possible
(up to 3 -4 kW/kg at cell
level, 12 in pulses)
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A Weaknesses :

A

A

A

Global cost of the
technology

Sophisticated electronics
compulsory

Safety of large cells and
batteries under abuse
conditions needs further
improvement

Low temperature
chargeability needs
improvement
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A Several types exist with confusing short names

Short name rr?;tc;?i?al (r:ni[the c;iclj Electrolyte Container Comments
C'(:';eprgs: y best life
(amellar ) best energy
insertion
Lision compound | organic liquid | cylindrical or limited life
carbon (spinel) mix + salt prismatic
(graph_lte) or insertion average life
other in the compound e
. very difficult to balance
future (olivine : .
phosphate ) in large batteries
organic liquid often pouch limited calendar life
([T same as other | mix + gel cells ("F(J:offee because of pouch
g Li-ion possible | polymer bag") (consumer type
+salt g product)
insertion dry polymer
W : :
Li polymer metallic Li ((:\?;?]zgilljj?: © erzgclfn o prismatic risk of Li dendrites
oxide) p80° ) (short circuits)
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Combination of Processing Advantages of Li-ion and Li-Ponmel;F" TeEhriEiE:ines -
| |I ." o "|

—Amcrica
Kokam
e
New Technology
-Flexible Design
-Simple Manufacturing Process
(Patented Folder-to-Folder)
Li-ion Battery —] Li -Polymer Battery
- Proven Electrode Coating - Stack Type Cell Structure
I = _Low Cell Impedance

- Flexible Form Factor

Superior Lithium
FPolymer Battery

= Continuous Automated Cell Assembly Processes

- Low Cell Impedance

- High Discharge Rate Capability (20C-rate continuous)

=« Various Capacity Prismatic (6mAh to 2404h cell in production)
= Automation for better quality and cost control

. A standard
prismatic Li-
jon in a
pouch cell

. A small
amount of
polymer on
a standard
PE
separator
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LiCoO, NCA NMC LiMn,O, LiFePO,

Energy Good Good Good Average
Power Good Average/Good Good Good

Low T Good Good Average
Calendar life Average Very Good Good

Cycle life Average Average Good

Safety Average Good

Cost Average Average
Maturity High Low

note : data on high voltage phosphates are still insufficient to be put in this table
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Challenge: find a mean to contain Li,M, volume changes on charge /
discharge and to improve consecutive capacity loss on cycling :

A Nano-sized particles

A Electrode structuration ;

A Limit the insertion in the case of Si : Li, ,Si (1600 mAh/g).
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A Separator impact on : A Future separators
Safety higher melting temperature
Life better wettability
Cost

specific surface properties

A Binder impact on : A Improved binder (positive) :

Processin . .

Life J Better adhesion/cohesion
properties at high temperature

Safety

Environmental friendly

A Electrolyte impact on : X _
Safety A Improved electrolyte :

Life Low flammability (besides IL)
Flame retardant additives
Shuttles & life additives

Low T performance
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of other components on cell properties

A _ A Future current collectors
A .Current Soliseies Coated or other specific surface
Life properties
Cost Thinner

A Cell mechanics :

Safety A Proprietary solutions for
Power & energy cell design
Cost
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A Cylindrical metallic case

Better cycle or calendar life
(well maintained electrodes)

Cheaper to manufacture

Lower packing density in
batteries

A Prismatic metallic case
Higher packing density
Shorter cycle life
More expensive to manufacture

Less efficient thermal
management

A Prismatic pouch cells
Lighter if no second case

Poor life (< 6 months in humid
atmosphere at 50 °C) if no
second case

cheaper if no 2" case
Good for cell phones

SaFT
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radictory aspects in cell design and use

A Specific energy increase decreases power (always), safety
(often) or life (in relation with other parameters)

A High temperature exposure increases power but decreases life
(divides by a factor of 2 every 10 °C increase above 2530° C)

A ltis detrimental to life to charge high energy cell at low
temperature

A A high cumulative capacity cycled by the battery means to limit
the depth of discharge at each cycle
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of heavy vehicles (buses, city vehicles)

A NiMH and High temperature battery (Na/NiCl2 Zebra or equivalent)
are existing systems proposed for heavy plug in vehicles

Zebra high temperature battery
ram submodule
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A Drawbacks :

A Advantages:
Low specific energy (but more

Very high power than capacitors) ; 5 -6 Wh/kg

Fast charge and discharge max

Excellent at low temperature Unit cell : 2.7 V max

Safety (no ener gy High self-discharge
acetonitrile Use of acetonitrile for good low

Supposed long life temperature performances

Cost can be low for aqueous
technologies, is high for non
agueous

Use in fully electric vehicle : additional regen and power (short pulses)

SaFT
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. 1000 F ~ 2500F

No time to discuss true or hybrid capacitors
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