CHEAT
SHEETS

Electronic Components: Batteries Cheatsheet

=
A comprehensive cheat sheet covering different types of batteries, their characteristics, applications, and safety guidelines. This guide is designed
for electronics enthusiasts, students, and professionals who work with battery-powered devices. O]

Battery Types and Chemistry

Primary (Non-Rechargeable) Batteries

Secondary (Rechargeable) Batteries

Battery Characteristics

Alkaline

Lithium

Primary

Zinc-Carbon

Silver Oxide

Zinc-Air

Magnesium
Dioxide

Common household batteries
(AA, AAA, C, D). High energy
density, good shelf life, and
moderate cost. Used in toys,
remote controls, and flashlights.

High energy density, very long
shelf life, and wide temperature
range. Often used in cameras,
watches, and memory backup.

Older technology, lower cost, and
lower energy density compared to
alkaline. Found in low-drain
devices like clocks and radios.

High energy density and stable
discharge voltage. Used in hearing
aids, watches, and medical
devices.

Extremely high energy density,
but requires air to function. Used
in hearing aids and some electric
vehicles.

High energy density and long
storage life. Often used in military
applications and emergency
power sources.

Battery Management and Safety

Battery Charging

Lithium-lon
(Li-ion)

Lithium
Polymer
(LiPo)

Nickel-
Metal
Hydride
(NiMH)

Nickel-
Cadmium
(Nicd)

Lead-Acid

Sodium-lon
(Na-ion)

High energy density, lightweight,
and low self-discharge. Used in
smartphones, laptops, and electric
vehicles. Requires protection
circuits.

Similar to Li-ion but can be made
in various shapes. Used in drones,
mobile devices, and high-
performance applications. More
prone to damage than Li-ion.

Higher energy density than NiCd,
less prone to the ‘'memory effect’.
Used in hybrid vehicles, power
tools, and consumer electronics.

Older technology, contains toxic
cadmium. High discharge rate and
long life. Used in emergency
lighting and older power tools.
Suffers from the ‘'memory effect'.

Heavy and bulky, but inexpensive
and capable of high current
output. Used in cars, UPS systems,
and backup power.

Emerging technology, potentially
lower cost than Li-ion. Used in
energy storage systems and
electric vehicles. Still under
development.

Battery Safety Guidelines

Voltage (V)

Capacity (Ah
or mAh)

Energy
Density (Wh/L
or Wh/kg)

Discharge
Rate (C-rate)

Self-Discharge
Rate

Internal
Resistance

The potential difference
between the terminals.
Determines the power output
capability.

The amount of charge the
battery can store. Determines
how long the battery can power
a device.

The amount of energy stored
per unit volume or mass. Higher
energy density means smaller
and lighter batteries.

The rate at which the battery is
discharged relative to its
capacity. A 1C rate means the
battery is fully discharged in 1
hour.

The rate at which the battery

loses charge when not in use.

Lower self-discharge is better
for long-term storage.

The resistance within the
battery. Lower internal
resistance allows for higher
current output.

Battery Management Systems (BMS)

Constant
Current (CC)

Constant
Voltage (CV)

Trickle
Charging

Overcharging

Fast Charging

Smart
Chargers
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Charging at a constant current
until the battery reaches a
certain voltage.

Charging at a constant voltage
while the current decreases.

Maintaining a small charge to
compensate for self-discharge.

Can cause damage,
overheating, and potentially
explosions. Avoid overcharging
at all costs.

Charging at a high current to
reduce charging time. Requires
specific battery and charger
compatibility.

Utilize algorithms to optimize
charging and prevent damage.

« Never disassemble, crush, puncture, or
incinerate batteries.

= Always use the correct charger for the
battery type.

+ Do not short-circuit batteries.

« Store batteries in a cool, dry place.

« Keep batteries away from children and pets.

- Dispose of batteries properly according to
local regulations.

If a battery leaks, avoid contact with the fluid.
Clean the affected area with water and baking

soda.

Damaged or swollen batteries should be handled
with extreme care and disposed of immediately.

Ensure proper ventilation when charging
batteries, especially Li-ion and LiPo.

Voltage
Monitoring

Temperature
Monitoring

Current
Monitoring

Cell Balancing

State of Charge
(SoC) Estimation

State of Health
(SoH) Estimation

Ensures each cell operates
within safe voltage limits.

Prevents overheating and
thermal runaway.

Limits charge and discharge
currents to protect the
battery.

Equalizes the charge levels
of individual cells in a multi-
cell battery pack.

Estimates the remaining
capacity of the battery.

Evaluates the overall health
and performance of the
battery.
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Battery Applications and Considerations

Portable Electronics Electric Vehicles (EVs) Grid Energy Storage

Smartphones &  Li-ion or LiPo batteries are Lithium-lon Dominant technology due Lithium-lon Widely used for grid stabilization
Tablets used for their high energy Batteries to high energy density and Batteries and peak shaving.

density and compact size. power output. Flow Suitable for long-duration
Laptops Li-ion batteries provide a Solid-State Emerging technology Batteries storage due to their scalable

balance of energy density, Batteries offering improved safety capacity.

weight, and lifespan. and energy density. Lead-Acid Traditional option, still used in
Wearable LiPo batteries are often used Battery Critical for safety, Batteries some applications due to low
Devices due to their flexibility in shape Management performance, and longevity cost.

and size. Systems (BMS) of BV batteries. Redox Flow Offer the most scalable energy
Digital Cameras  Both primary lithium and Charging Availability and speed of Batteries storage.

rechargeable Li-ion batteries Infrastructure charging staFlons are crucial Sodium-lon Belng tested to provide a non-

are common. for EV adoption. . s .

Batteries Lithium alternative.

Portable
Gaming
Consoles

E-readers

NiMH or Li-ion batteries
provide sufficient power and
rechargeability.

Li-ion batteries offer long
battery life and low self-
discharge.

Battery Recycling

Sodium-lon
Batteries

Battery Disposal and Environmental Impact

Environmental Concerns

Important for environmental
sustainability and resource
recovery.

Being explored as a cheaper
alternative to Lithium-lon,
but are less energy dense.

Battery Recycling Processes

Disposal Guidelines

Batteries contain hazardous materials such as

heavy metals (lead, cadmium, mercury) and
corrosive electrolytes.

Improper disposal can lead to soil and water

contamination, posing risks to human health and

ecosystems.

Manufacturing batteries requires energy and
resources, contributing to greenhouse gas

emissions.

Extraction of raw materials like lithium and cobalt

can have significant environmental and social

impacts.
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Hydrometallurgy

Pyrometallurgy

Direct Recycling

Mechanical
Separation

Electrometallurgy

Uses chemical solutions to
dissolve and separate
valuable materials from
battery components.

Involves high-temperature
smelting to recover metals
from batteries.

Physical processes to
recover cathode materials
without breaking down the
chemical structure.

Crushing, grinding, and
sorting batteries to
separate different materials.

Uses electrolysis to extract
and refine metals from
battery materials.

= Check Local Regulations: Follow local
guidelines and regulations for battery

disposal.

= Recycling Programs: Utilize designated
battery recycling programs and collection

points.

= Avoid Trashing: Never dispose of batteries in
regular trash or landfills.

= Proper Storage: Store used batteries in a
safe container until they can be recycled.

= Tape Terminals: Prevent short circuits by
taping the terminals of lithium and other
batteries before disposal.

= Inform Others: Educate friends, family, and
colleagues about proper battery disposal

practices.
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