What are Lithium Batteries? Everything You Need to Know As at 21/05/2025

Lithium-ion batteries are dominating the consumer market. Today, companies are boosting sales of their
portable electric, energy solutions, and e-transports with these rechargeable batteries. But, what are lithium
batteries in simple words?

Turns out, Lithium technology is nothing new! The first-ever Li cell came out in 1991. Two decades later, in
2019, John Goodenough, Akira Yashino, and M. Stanley contributed significantly to the development of modern
lithium batteries and received the Nobel Prize in chemistry.

Since then, lithium batteries have revolutionized the rechargeable batteries market across industries. Let's
learn more about how these batteries work, their types, and applications.

What are lithium-ion batteries?

Lithium-ion batteries are rechargeable batteries, smaller in size with better power capabilities and high energy
density. These batteries have single or multiple cells carrying Liions with a protective circuit board. Lithium-ion
batteries are typically used to charge devices like smartphones, electric vehicles, etc.

For starters, lithium-ion battery technology consists of the following.

o Electrodes are the negative and positive charged ends of the cell. The electrodes in a Li-ion battery are
connected to the current collectors.

o The Electrolyte is a substance (liquid or gel) that conducts the electric current.

o The Anode and Cathode are the negative and positive electrodes, respectively.

¢ Positive and Negative Current Collectors are conductive foils connected to each terminal of the cell.

e The Separator is a film, used to separate the electrodes and enables the lithium ions exchange to the
device.

How do lithium-ion batteries work?

In a Li-ion battery, the two electrodes store the ions. These ions move between the anode and cathode, which
creates the electric current and powers the electronics.
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Now, let's discuss it in detail. First, the electrolyte carries the positively charged ions from the negative to the
positive electrode, and vice versa. This produces electrons in the negative electrode, creating a charge on the
other side of the current collector.

The generated current then flows through the device being powered, so it reaches the negative current
collector. At the end, a separator is placed to block the electrons inside the battery, while maintaining the
exchange of lithium ions.

Charging and discharging

When you are charging the battery, the lithium ions from the cathode get separated from the electrons. These
ions move from the cathode to the anode, passing through the electrolyte. Finally, they recombine with the
electrons and neutralize electrically.

During the discharging cycle, the opposite occurs. The ions move from the cathode, pass through the
electrolyte, and reach the anode.

Eventually, this lithium ions movement creates an electric potential difference, called voltage. Connecting your
device to the battery setup forces the electrons to power it.

Types of lithium-ion batteries

Lithium-ion batteries are not the same and have different chemical compositions, depending on the electrode
material. Let's discuss them in detail along with their best-suited applications.

Lithium Iron Phosphate LFP

LFP batteries use phosphate and graphite carbon as the positive and negative electrode, respectively. These
substitutes are the safest, have longer life cycles, and have good electrochemical stability. LFPs are cheaper
than other nickel-based options but offer less specific energy. Hence, you will find these batteries in short-
range electric vehicles (EVs).

Lithium Cobalt Oxide LCO

Unlike LFPs, LCO batteries have high specific energy but shorter life spans. These batteries are thermally
unstable and not fit for high-load applications. LCOs are generally preferred for low-power applications like
smartphones, laptops, etc.

Lithium Nickel Manganese Cobalt Oxide NMC

NMCs use nickel, cobalt, and manganese to give an all-round performance. These batteries have higher
proportions of nickel for energy density and long life. Moreover, the use of manganese and cobalt promotes
thermal stability. NMCs work great in powering electric powertrains like scooters, e-bikes, etc.

Lithium Nickel Cobalt Aluminum Oxide NCA

NCA also uses higher nickel proportions, promoting energy density and power. However, these batteries use
aluminum to promote stability, making them pricier and less safe. NCAs are used to power high-performance,
high-load EV models like Tesla.

Lithium Manganese Oxide LMO

LMO batteries use lithium manganese electrodes as cathodes. It promotes safety, fast charging, and thermal
stability. However, they have a shorter lifespan. Hence, in EVs, LMOs are often paired with NMCs to help with a
longer drive range.

Lithium Titanate LTO

In all the above-mentioned batteries, the cathode composition differs. However, LTOs have a unique chemistry
where they replace the anode surface from graphite to lithium titanate. This, with the cathode arrangement of



LMO and NMC, offers better safety and longer life. Such batteries are used for uninterrupted power backups
like emergency solar energy storage.

Key applications of lithium batteries
Let's look at a few key areas where lithium batteries are commonly used.
1. Uninterrupted power supply backups

These batteries are a great emergency backup for power outages and inconsistencies. Vulnerable equipment
like medical instruments, telecommunication setups, and technical setups gets an uninterrupted power supply
with Li-ion batteries.

2. Electric vehicle industry evs

Lithium batteries have revolutionized the electric vehicle industry. Today, high and low-load electric vehicles
use such arrangements to ensure a longer running life. Currently, these batteries are used in Tesla Model X,
Model S, and Model 3 for power generation.

3. Mobile vehicles

Today, mobile vehicles like e-bikes and wheelchairs use lithium batteries. It helps compact vehicles with longer
lifespans, lightweight, and energy performance.

4. Digital personal assistance

The high energy density and fast charging of rechargeable Li-ion batteries also make them excellent for charging
gadgets like smartphones, smartwatches, etc. You will also find them being used in day-to-day handheld
appliances like streamers, irons, and more.

5. Energy storage

Lithium batteries are used for solar and wind energy storage. It helps in stockpiling surplus energy for
emergencies like sunless days, unexpected maintenance issues, etc.

Benefits of lithium-ion batteries

Most consumer products today use lithium batteries as a selling feature. Here is what makes them attractive
for buyers and sellers.

1. High energy density

Lithium-ion batteries are top performers in energy density. Simply put, this density is the ability of a battery to
store energy. Generally, lead-acid batteries have an energy density around 50-100 wh/kg, compared to lithium
batteries with a range of 260-300 wh/kg.

2. Lightweight

An average lithium-ion battery has 50-60% of the weight of the traditional batteries. Hence, these substitutes
work best for compact solutions like smartphones, e-bikes, e-readers, etc.

3. Long lifespan and fast charging

Lithium-ion batteries have no mattery effect. Batteries with a memory effect tend to remember repeated partial
discharges, which causes them to lose their energy-storing capacity. Hence, with no backing memory, these
batteries offer longer lifespans.

For instance, a lithium iron phosphate LiFePO4 used to power a boat lasts around 1000 to 10,000 cycles. In
comparison, an SLA lead battery only lasts between 50 and 500 cycles. Moreover, the chemistry of Li-ion
batteries also helps them accept current faster, promoting quicker charging than their counterparts.



4. Low self-discharge

Traditional batteries lose charging or self-discharge gradually. However, lithium batteries only have a 1.5-2%
discharge rate while lead-acid batteries discharge at a 5% rate. Hence, using a lithium alternative in your
electronics helps you retain the charge for the longest time.

Lithium vs. other battery technologies

The advent of rechargeable batteries has entirely transformed the consumer market. Today, be it personal
digital assistance, the electric vehicle industry, or emergency backups, Lithium batteries are desired, despite
being expensive. But, why? Let's understand how these batteries compare to popular alternatives across the
market.

Lithium vs lead-acid batteries

e Lead-acid batteries usually have a lower energy density, around 50-90 wh/ kg compared to their lithium
counterparts with a range between 260 and 300 wh/ kg.

e The size of the lithium battery is much lower than lead-acid batteries.

e Lead batteries are easy to install and cheaper. Comparatively, lithium-ion batteries are double the price
with the same capacity, yet lighter and more efficient.

e Lithium batteries offer 85-100% storing capacity with little discharge. In contrast, lead counterparts
have less usable energy with 50% discharge.

LiFePO4 vs lithium-ion batteries

o LiFePO4 uses lithium, iron, and phosphate ions, which are generally safer and more stable. However,
lithium batteries have metallic lithium composites as cathodes - power-dense and suitable for high-
load applications.

e LiFePO4 batteries tend to have longer lifespans and can last up to 10 years if properly used, as
compared to lithium-ion batteries that last up to 3 years.

e LiFePO4 batteries can operate between -4 to 140 degrees Fahrenheit. In comparison, lithium-ion
batteries have a narrower range of 32 to 113 degrees Fahrenheit.

Lifepo4 Vs Lithium-lon Batteries: What Makes Them Different from Each Other?

As you know, the market has a wide range of batteries available for different purposes. Each product comes
with a different energy storage capacity, lifespan, warranty, and price. Considering all these parameters, it is
crucial to know which battery suits your requirements the best. For this, you must look at what type of
appliances you want to power up with the battery.

Once you are familiar with the right battery type, you will be able to get the most out of it. This article
specifically focuses on two battery types: lithium-ion and lithium iron phosphate. It presents a detailed
discussion on LiFePO4 vs lithium-ion batteries.

Read more to get familiar with which battery is right for you. In addition, this read presents a brief comparison
between lithium and non-lithium batteries. Let's get into deeper specifics.

LiFePO4 vs lithium-ion batteries: What are the prominent differences?

When we compare lithium iron phosphate vs lithium-ion batteries, we can see that both are rechargeable
and can be used multiple times by charging them every time they get discharged.

On the other hand, they are different from each other in terms of safety, lifespan, temperature range, chemical
composition, energy density, weight, and voltage. Let's look at how each parameter makes them different from
each other.



1. Safety

A lithium iron phosphate battery is safer than a lithium-ion battery. The reason behind this fact is that LiFePO4
batteries are less prone to exploding and overheating.

Though lithium-ion batteries come with extended safety when installed and used properly, they are still prone
to fire catching and overheating (when they are not installed correctly or are damaged).

Therefore, lithium iron phosphate batteries are recommended for applications where there is a need for extra
safety, such as industrial applications.

2. Lifespan

The lifespan of LiFePO4 batteries is longer than a Li-ion battery. A lithium iron phosphate battery can last for
over 10 years, even with daily use. On the other hand, the average lifespan of a lithium-ion battery is between 2
and 5 years. But, advanced Li-ion batteries can last for up to 10 years, but this is not the case with every unit.

Similarly, a LiFePO4 battery comes with more than 4,000 charge cycles, whereas a Li-ion battery supports
between 2,000 and 3,000 charge cycles. Generally, the materials used during the battery's construction affect
the lifespan. But remember, the usage pattern also has a direct impact on the life cycle of a battery.

3. Temperature range

The temperature range at which LiFePO4 batteries can work perfectly is between -20 degrees Celsius and 60
degrees Celsius. In comparison, 0 degrees Celsius to 45 degrees Celsius is the optimal temperature range for
lithium-ion batteries. This means that lithium iron phosphate batteries have a wider temperature range than
lithium-ion batteries.

LiFePO4 batteries can operate better in colder and hotter environments (without any performance degradation)
than Li-ion batteries. Therefore, lithium iron phosphate batteries are the ideal choice for applications where
stable battery performance is required in extreme temperatures, e.g., marine applications.

4. Chemical composition

As the name and formula depict, lithium iron phosphate batteries are made up of phosphate, iron, and lithium
ions. This composition makes a LiFePO4 battery more stable, reliable, long-lasting, and safer than all other
conventional batteries.

In comparison, Li-ion batteries are made up of composite cathode materials (manganese, nickel, and cobalt)
and metallic lithium. This composition makes lithium-ion batteries more efficient and energy-dense.

5. Energy density

The term “energy density” refers to how much energy a battery can store within its structure. The energy density
of LiFePO4 batteries is lower than Li-ion batteries. However, lithium iron phosphate batteries are safer and
long-lasting.

LiFePO4 batteries are recommended for specific applications where extended life and safety are necessary,
e.g., backup power storage. On the other hand, lithium-ion batteries are more commonly used in electric
vehicles and consumer electronics. This is because of their higher energy density.

6. Weight

The capacity and size of the battery determines its weight. In terms of weight, lithium ion batteries are lighter
than lithium iron phosphate batteries. If you prefer safety over weight and size, it is better to buy a LiFePO4
battery. If you need a lighter option, go for a lithium-ion battery.

7. Voltage

Traditional lithium-ion batteries offer higher voltage than lithium iron phosphate batteries.



You may see it as a disadvantage of a LiFePO4 battery because it offers lower voltage, but it means that it lasts
longer than a Li-ion battery. This is due to the slow discharge rate.

In comparison, lithium-ion batteries come with a rapid energy discharge rate, which is why they don't last as
long as LiFePO4 batteries.

LiFePO4 vs lithium-ion: Which battery is right for you?

If you want to ensure effective and reliable energy storage, it is important to choose the right battery for your
solar energy system. When it comes to selecting a good battery, a couple of factors should be considered, as
listed and briefed below.

o Battery type: Considering the type of the battery is most important when making a worthy battery
choice. Some are bigger in size but last longer, such as LiFePO4 batteries. On the other hand, some
batteries come with high energy density and high voltage, such as lithium-ion batteries.

o Safety: Batteries are prone to overheating and fire hazards; therefore, considering their safety is
another important thing. A good battery comes with potential safety features, including overcharge
prevention, thermal management, and short-circuit protection.

o Life cycle: Since batteries are expensive, you will always want to see the lifespan when choosing one. A
good battery comes with a warranty and a lifespan of several years with no notable performance
degradation. It is always recommended to invest in a battery with a longer life cycle to ensure peace of
mind.

e Capacity: The capacity of a battery means the amount of energy it can store within its case. The higher
the capacity, the better the battery will be. Before you choose a specific battery, don't forget to assess
your energy requirements. Then, select the battery that can provide you with enough power to fulfill your
energy needs.

Which one to choose? LiFePO4 or Li-lon battery?

Well, it all depends on your requirements. If you are looking for a safer option, you should prefer a LiFePO4
battery over a Li-ion battery. If your requirements demand high voltage, a lithium-ion battery should be
preferred over a lithium iron phosphate battery.



Similarly, if you need a battery with a longer lifespan, install a LiFePO4 battery, as it lasts longer than a Li-ion
battery. If your system requires a battery with a high energy density, configure none other than a lithium-ion
battery.

If your system has no issues with space, sizing, and cost, installing a lithium iron phosphate battery will be
worth it for sure. On the other hand, if you are looking for a portable and cost-effective energy storage solution,
a Li-ion battery will be a suitable option, as they are lightweight and affordable compared to their counterparts.

Lithium-ion batteries are preferred for home solar electric systems, as they come with a decent lifespan,
decent energy capacity, high voltage, competitive price, and high energy density.

In comparison, LiFePO4 batteries are recommended for industrial and other bigger applications where there
are no budgeting issues and extended safety is necessary. This is how, considering your requirements, you can
choose the right battery for your system.

Best lithium iron phosphate batteries

Today, people prefer rechargeable LiFePO4 batteries for added safety and mobility. However, most feel hesitant
while buying one, especially considering the hefty prices. In this case, look for benefits and features such as;

e AReputable Brand

o Available specifications sheets, the higher the Grade the better. A Grade =top level, B grade, 3 and so
on. The higher the grade the higher and more frequent loads the battery can handle. The lower the grade
the less load requirement, better for Standby.

e Good cell capacity rate. This is the C rating, again the higher this rating the more CURRENT the battery
will deliver if required. For example, a 2C 100Ah Lithium Battery can delivery x2 the CURRENT (200Ah).
This is particularly handy if you have devices attached to the battery that may spike when turned on or
during operation.

e Built-in Bluetooth 5.0 for easy monitoring with apps are a very handy addition to monitor and set
alarms/alerts.

e Automatic self-heating feature to survive harsh winters and ensure safe charging in sub-zero
temperatures are also excellent feature additions (Obviously not essential).

¢ Flame-resistant casing, which is waterproof (IP67) and corrosion-resistant, making it protected against
abuse.

e Vibration-proof built to counter overlanding in off-grid locations.
e 60+ EV-grade BMS protection, offering precise monitoring in all kinds of weather.

o Easily replaceable BMS design with easy-to-follow replacement guides (A good Feature for those how
know what they are doing -we do not recommend this feature for those without training or experience).

Conclusion

Lithium batteries are more popular today than they ever were. Be it your cell phones, laptops, scooters, and
compact power tools, these rechargeable solutions are easily accessible. However, not all lithium batteries
work the same. Depending on their chemical composition, these batteries have different applications and
uses.

For instance, most transportation and charging solutions use lithium-iron phosphate batteries. This is because
they are safe, thermally stable, and apt for low-load applications. So, do your research and find one that fits
your criteria best.



FAQs
How long do lithium batteries last?

An average lithium-ion battery has a lifespan of 2 to 3 years. This is anywhere around 300-500 charge/ discharge
cycles under normal conditions. A single charge cycle is defined as the period of use, from a fully charged
battery till it is charged again. So, the higher your batteries Cyclic rate is, the longer that battery should last.
This is based on the correct application, correct use, Type of Lithium Battery and following other
recommendations as supplied by Different brands and suppliers.

However, please keep in mind that rechargeable Lithium batteries do deteriorate. Hence, they gradually lose
their charging capacity, which is irreversible. Once the battery loses capacity, its run time also decreases.

Battery Type Typical Applications Avera(i:::fsspan
Lithium-lon (Li-ion) Portable electronics, electric vehicles 2-10
Lithium Iron Phosphate Applications requiring safety and 515
(LiFePOA4) durability
Lithium Polymer (LiPo) Drones, remote-controlled devices 2-5
Lithium(bljliﬁfsgi?e Oxide Power tools, specialized equipment 3-7

What Factors Affect Lithium Battery Lifespan?
Temperature

Extreme temperatures play a major role. High temperatures speed up the internal chemical reactions,
accelerating degradation, while very cold conditions can reduce a battery's efficiency and overall capacity.

Depth of Discharge (DOD)

How much of the battery's capacity you use during each cycle matters. Shallow discharges—using only a small
portion of the battery before recharging—tend to prolong lifespan compared to deep discharges, which put
extra strain on the battery cells.

Charging Habits

Overcharging, using high currents, or charging too rapidly can stress the battery and lead to a faster decline in
capacity. Adhering to recommended charging practices helps maintain the health of your battery. Using or not
using the correct lithium Charger for your lithium battery. (YOU MUST USE A LITHIUM ALGORITHM CHARGER
FOR LITHIUM BATTERIES)

Usage Patterns

Batteries used heavily or continuously tend to wear out faster than those used intermittently. High current
draws or rapid discharge rates can contribute significantly to battery degradation over time.

Battery Management System (BMS)

A robust BMS monitors and regulates the charging and discharging processes, protecting against issues like
overcharging or deep discharging. A quality BMS ensures that your battery operates within safe parameters,
which is key to maximizing its lifespan.



Storage Conditions and Physical Integrity

Proper storage is equally important. Keeping batteries in a cool, dry place at a partial charge can help prevent
premature degradation. Additionally, avoiding physical damage such as impacts or exposure to moisture will
protect the battery's internal structure and extend its useful life.

How to Extend the Lifespan of Your Lithium Batteries?

Maximizing the longevity of your lithium batteries isn't rocket science—it's about adopting smart usage habits
and proper care. By following a few key strategies, you can help ensure that your batteries remain efficient and
reliable for years to come.

1. Manage Temperature Wisely

Extreme temperatures are one of the biggest enemies of lithium batteries. Keep your batteries away from
prolonged heat or freezing conditions. Storing them in a cool, dry environment helps slow down chemical
degradation and maintains optimal performance.

2. Do Partial Discharges

Avoid draining your battery completely on a regular basis. Instead, aim for partial discharges. Recharging before
the battery is fully empty minimizes stress on the battery cells, preserving their capacity and extending overall
lifespan.

3. Charge with Care

Use chargers that are specifically designed for lithium batteries and follow the manufacturer's
recommendations on charging rates and voltage settings. Overcharging or rapid charging can generate excess
heat and accelerate wear, so stick to a routine that supports gradual, consistent charging.

4. Store Properly When Idle

If you're not using your lithium batteries regularly, store them at a partial state of charge—ideally around 40-
60%. This storage strategy, combined with a cool, dry location, prevents both the risks associated with
overcharging and deep discharges during periods of inactivity.

5. Rotate and Regularly Use Your Batteries

Regular use helps keep lithium batteries active. If you have a set of batteries, consider rotating their usage to
avoid having one sit idle for too long. This practice not only maintains performance but also helps you monitor
any potential degradation over time.

6. Avoid Overloading and Physical Damage

Ensure you're not pushing your batteries beyond their intended power capacity. Overloading can lead to
overheating and accelerated degradation. Similarly, handle your batteries with care to prevent physical damage
from impacts or exposure to moisture, both of which can compromise their internal structure.

Can lithium batteries be recycled?

Yes, lithium-ion batteries have approximately a 99% recycling rate. Recycling these batteries can recover pricey
materials like nickel, manganese, lithium, and cobalt. But, currently, less than 5% of these batteries are
recycled globally, The process is VERY costly and hazardous, it costs much more than mining the raw materials
(currently).

How can | extend the lifespan of my lithium-ion battery?

Extend the lifespan of your Li-ion battery by avoiding high and low temperature extremes. This is because
overheating results in deteriorating the health of a lithium battery.

Moreover, the batteries should be stored at a partial charge when stored. As Li+ batteries slowly recharge,
turning them off and checking every few months won't lose the charge significantly.



