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1. INTRODUCTION (terminology, battery construction and operation characteristics)
2. BATTERY TECHNOLOGIES (lead acid, Ni-MH, lithium ion, zebra, metal-air)

3. APPLICATIONS (Portability, renewal sources, Smart Grid, sizing and testing
batteries, safety concerns)

4. NEXT GENERATION (battery challenges, new technologies, the future of energy
storage)
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What is a battery?

A battery is a device that converts chemical energy into electrical energy and vice versa

This device separates the anodic and cathodic reactions!
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Basic background

Construction characteristics. Variables used to characterize battery operating conditions, and
describe the manufacturer specifications used to define battery nominal and maximum

characteristics




Battery Basic — construction details nstiiuios lactee
An electrode is an electronic conductor used to make Charge (energy storage) — - e-
contact with a nonmetallic part of a circuit. = Charger o
W——
The electrolyte is the non electronic conductor (to e- —— Discharge (power to the device)
separate the oxidation and reduction reactions)
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A cell is the smallest, packaged form a battery can take.
A module consists of several cells generally connected in either series or parallel.

A battery pack is then assembled by connecting modules together, again either in series or parallel.
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Primary battery

Secondary battery
High power battery
High energy battery
High durability battery

Reversible vs Irreversible
chemical reactions

How a lead acid batteries work?

H,SO,
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Primary battery How a lithium ion batteries work?

Secondary battery —— Charger Load

elecinon flow

High power battery

High energy battery

High durability battery

Reversible vs Irreversible
chemical reactions

separator electrolyte separalor electrolyte

CHARGING DISCHARGING
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What is a High power battery? Many thin electrodes
High surface area
Protece Positive Low internal resistance
Negative Cathode of a Nickel-Manganese-Cobalt-battery

terminal

Cell divider

Positive electrode
(lead dioxide)

Negative electrode
(lead)

— Dilute H,SO,
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What is a High energy battery?

Décomposition d'une batterie

Few thick electrodes

More volume

Energy

VeCaeeaeet

' Power
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: : 5
What is a High energy battery: e—— PbO, + Pb + 2H,50, < 2PbS0, + 2H,0

Current lines

Porosity H,S0,

Grid

Fababda b bl
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What is a High durability battery?
DoD vs Durability Floating voltage vs Durability Lead acid (Water decomposition)

Cycle service life in relation to
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What is a High durability battery?

charging voltage vs Durability

Capacity (mAh)
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Li-ion (No parallel reaction)
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Li* conducting electrolyte

Li;_xMO,

Aluminium
positive

~current

collector
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Battery Basic — Temperature

Temperature dependence?

Arrhenius law The price is....
CAPACITY VS. TEMPERATURE
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What is battery capacity?

Is the amount of charge (Coulombs) available Capacity [C] = I [C/s] x t [s]
Why Ah or mAh? . Peukert s law
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The problem of the discharge current

Peukert’s law C = |kt
t,. = ¢ kt
T Irt n
. _ (oo 14 o
" 11020
t.=7,6h
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Peukert’s law example

Let’'s consider a flooded wet cell lead acid battery that has 20 hour
discharge rating of 100 amp hours.

Based on this specification, we know that this battery will supply 5
amps for 20 hours while maintaining a voltage that is above 10.5
volts.

If we were to increased the discharge rate to 10 amps, we might
erroneously concluded that the battery will last for 10 hours.

Using the equation for Peukert’'s law, we find that the battery will
last significantly less than 10 hours.

In order to solve this equation we're going to need to know what
the Peukert’'s exponent is. For a flooded battery, its typically going
to be somewhere between 1.2 and 1.6. For this example, we're
going to use 1.4.
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Other battery characteristics RP 150 MCD oo II"II ‘”“"" " I"“ | "
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Other battery characteristics o0
Life Time (many variables, many tricks)
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Battery Basic — Other Characteristics
Other battery characteristics
Battery Voltages: End Voltage, Charge Voltage, Floating Voltage........and more
0.35 1 2.70
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Other battery characteristics
Battery Voltages: Equalization Voltage (just for some batteries)
(nArGE & EQuALIZATION
For a 12-Volt FLA Battery
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= ) // ©
2 Y — s
I B N g
Rock Content 12 ‘] ;éi’} o
Unusable, can no |
longer store energy - o \
| éé? il C/100
0% ;ﬂrk AbsolptionFloat Equalization

Charging Time




Battery Basic — Other Characteristics nstitutos lactec

Efficiency and parallel (side) reactions

Other battery characteristics

Particle cracks on

Composite Separator Composite surface due to diffusion
anode cathode induced stresses
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Side reactions are always present

Side-reactions change
the surface structure
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Other battery characteristics

Temperature problems (thermal run away in lithium ion batteries)

Causes of Thermal runaway

External Causing or Energizing

Abuse Conditions Internal E\fents O',
Exothermic Reactions

External Heating

Qver-Cranmng Thermal Runaway 48
Over-Discharging  Lithium Plating
97 1 If Heating-Rate
High Current Charging ! exceeds
: ~w Dissipation-Rate
: :

Structural damage

Crush

I
!
External Short !
I

57,
T el Source : NREL

Main contributing factors
e Poor design Poor integration @ Poor safety monitoring/protection
@ Poor manufacturing quality e Poor handling/ storage/packing conditions

institutos lactec

Thermal Runaway in a Lithium-lon Battery

ANODE (CARBON)

1. Heating starts.

2. Protective layer breaks — PROTECTIVE LAYER

down.
3. Electrolyte breaks down ELECTROLYTE
into flammable gases. (lithium salt
in organic
4, Separator melts, possibly solvent)
causing a short circuit. :
2 | R SEPARATOR

5. Cathode breaks down, 4
generating oxygen.

CATHODE (LITHIUM METAL OXIDE)
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Other battery characteristics

Temperature problems (thermal run away in
lead acid batteries). VRLA vs Flooded
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Temperature
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Other battery characteristics State of Function

institutos lactec

SoC SoH SoF T 4 1
| Available Energy Capacity 90% 100%
. . ' : Reserve Reserve
Internal Resistance (impedance) St P Capacity Capnity
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General Construction Characteristics

Lead acid construction characteristics Grid Framework Plate Active Material

Plate

N N egative plates:
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Fig. 276. Westinghouse Positive and Negative Plates
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General Construction Characteristics

Lithium ion battery construction characteristics

Positive Charge
Electrode < >
Dlscharge Lithium-ion rechargeable battery Lithium-ion rechargeable battery
® & & & Li+ Discharge mechanism Charge mechanism
/\/—' o Load Charger —
/\’ - AAN 1] Electrons
< Li+

2 ® 0 9

Separator

Electrolyte Electrolyte
(Polymer battery: gel polymer electrolyte) o0 pomstutworss (Polymer battery: gel polymer electrolyte) 08 HowstufWorks

Leaend: ' Metal Lithium Oxvaen B Granhitic lavers
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Why batteries fail

Batteries with different cell chemistries or constructions may fail in different ways.
Let outline some of the most common cell failures for lead acid and lithium ion batteries.

Cell design faults

Manufacturing processes out of control

Aging

Uncontrolled operation conditions (High temperature, etc.)
Abuse (Dropping, penetration, etc.)

External factors (BMS failure, sensor failures, etc.)

Rated capacity —p
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Aging 2 =1
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Li-ion battery aging

Problem Conseguence

Oxidation of Cell Thermal
Components Runawa

Cathode Oxygen
Breakdown Released

(°C)

180to190
Pressure Possible

Build Up Rupture

Electrolyte Flammable
Breakdown Gas Released

Separator Short Circuit/
Melts Overheating

Over SEl Layer
Temperature Breakdown

12010130

Lithium plating

Electrolyte decomposition

Electrode breakdown

60 to 80

Over Current Overheating

Overcharge /

Over Volt
S Overheating

Low Anode
Voltage Dissolution

Low
Temperature

-60 to +10

Lithium Plating

Voltage

Short circuit

Thermal runaway

Cathode Li metal plating Anode

Excess
lithium
Lit | region

Facile Li T
migration
in cathode Li

Little voltage
High Lithium | gradient to
resistance|  depleted drive Li
region region r.nlgration
in anode

Li* ) | 25 ACOR(R Rvabyb
U lithium RCOM
Ll ML Co M
Li metal plating ROCOM

b It {4 19

Celiing

Increase in Exothermic
reaction rate reaction

Nd

Heat escape
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