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Supercapacitor Overview

Supercapacitors store energy Allows for rapid charging and Higher power density than batteries
electrostatically discharging Delivers more power per unit mass due to
Charges are separated at the interface Since there is no slow chemical reaction, electrostatic storage mechanism
between the electrodes and electrolyte power can be delivered in bursts

Supercapacitors fill a useful niche between batteries and

capacitors due to their unique energy storage mechanism.




Advantages of Supercapacitors

e High power density

Supercapacitors can charge and discharge energy
very quickly, enabling high power density.

Fast charging

Supercapacitors can be fully charged within seconds,
much faster than batteries.

Long lifespan

Supercapacitors can withstand hundreds of
thousands of charge/discharge cycles with little
degradation.

e Temperature resilience

Supercapacitors function well in a wide temperature
range from -40°C to +65°C.

Environmentally friendly

Supercapacitors contain no hazardous chemicals and
are more recyclable than batteries.



Applications of Supercapacitors

e Energy storage

Supercapacitors can store energy efficiently for uses
like backup power and energy harvesting.

Transportation

Supercapacitors are used in electric vehicles and
public transport to provide burst power for
acceleration and regenerative braking.

e Electronics

Supercapacitors provide backup power for consumer
electronics and smooth out power fluctuations.

Industrial

Supercapacitors have industrial uses like cranes, lifts
and for smoothing variable power from renewable
sources.
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Traditional Storage Solutions

Batteries

Store chemical energy and
convert to electrical energy.
Widely used but have limited
cycle life.

Pumped Hydro Storage

Stores energy by pumping
water uphill into a reservoir, then
releasing it through turbines to
generate electricity.

Flywheels

Spinning cylinders store kinetic
energy for short bursts of high
power output.

Compressed Air Energy Storage

Use excess energy to compress air in underground
caverns which is expanded to drive turbines when

needed.

Thermal Energy Storage

Excess electricity heats or cools a storage medium
like molten salt or ice which provides energy later.




Supercapacitors

How Supercapacitors
Work

Unlike batteries, supercapacitors store energy in an
electric field rather than through chemical reactions. This
allows supercapacitors to charge and discharge much
faster than batteries.



The Potential of Lithium lon Capacitors
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Lithium ion capacitors combine Lithium ion capacitors use graphite
lithium ion batteries and anodes
supercapacitors The graphite anode enables the storage of
Lithium ion capacitors have higher energy lithium ions like in a lithium ion battery.

density than traditional supercapacitors
while maintaining fast charge and discharge
capabilities.

Lithium ion capacitors have long
lifetimes

Lithium ion capacitors retain 80% of their
capacity after 10,000 charge/discharge
cycles.

Lithium ion capacitors are a promising energy storage technology that

bridges the gap between lithium ion batteries and supercapacitors.




Lifespan Comparison

Number of cycles

Supercapacitors -l,OO0,000

Batteries 750
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The Samsung S Pen is a stylus that uses
supercapacitors to store energy. Supercapacitors

allow the S Pen to be powered without batteries, ®
enabling convenient wireless charging and p :;é‘i;dgfg'f‘;en
operation for note-taking and other applications. 7 7



Temperature Resilience

Supercapacitors have high operating temperature ranges,
allowing them to perform at extreme temps. Supercapacitors can
operate from temperatures as low as -40°C up to 70°C without
damage or performance loss. This wide range of operating
temperatures makes supercapacitors highly suitable for use in
harsh environments and extreme climate conditions.

Supercapacitors
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Environmental Impact

Supercapacitors are a promising alternative to
traditional batteries. They use materials like activated
carbon and electrolytes that are non-toxic and
recyclable. This makes supercapacitors an
environmentally-friendly technology.
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The Potential of Supercapacitors
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Transportation Consumer Electronics Energy Storage

Supercapacitors can provide bursts of power Supercapacitors allow for quick charging and Supercapacitors can store energy from
for acceleration in electric vehicles. discharging in phones and laptops. renewable sources like solar and wind.




The Potential of

Electrolyte .
Supercapacitors
Supercapacitors are energy storage devices that store
Current Collector B Cation energy through static electricity. Compared to batteries,
supercapacitors can charge and discharge faster, last
&1 Anion longer, and provide higher power density. Using

supercapacitors to store energy from renewable sources
like solar and wind can help overcome intermittency
issues and improve grid stability.
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Supercapacitors for Consumer Electronics
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Longer battery life

Supercapacitors provide quick bursts of
power to supplement batteries, allowing
them to last longer between charges.

Faster charging

Supercapacitors can charge up in seconds,
enabling devices to recharge much faster
than regular batteries.

Higher power density

Supercapacitors provide more power per
unit volume than batteries, allowing for
smaller, lighter devices.




Using Supercapacitors
INn Industrial
Equipment

Supercapacitors can store and deliver energy in
industrial equipment like cranes, forklifts, and
automated guided vehicles. Their high power density
makes them well-suited for applications requiring
frequent charge/discharge cycles.




Backup Power Systems

Supercapacitors are electrochemical energy storage
devices that have an unusually high energy density
compared to common capacitors. They can be used to
provide backup power for critical systems like hospitals,
data centers, and telecom networks in the event of a
power outage.
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Self-power Supercapacitor

Supercapacitors Enhance Wearables

Supercapacitors store energy through electrostatic charge rather than chemical reactions. This allows them to charge and
discharge much faster than traditional batteries. When used in wearable technology like smartwatches and fitness
trackers, supercapacitors enable quick bursts of power for features like logging steps and transmitting data.




Regenerative
Braking

Regenerative braking captures
kinetic energy during deceleration
and braking to charge
supercapacitors. Supercapacitors
store this energy which can then be
used to accelerate electric vehicles.
This improves energy efficiency and
driving range.

Electric Motor

Battery




Conclusion

With high power density, fast
charging speed, long lifespan, and
wide operating temperature range,
supercapacitors provide exciting
possibilities for energy storage
across transportation, grid, and
consumer electronics applications.
Supercapacitors can complement
batteries in hybrid energy storage
systems and enable rapid energy
delivery beyond the capabilities of
batteries alone.

Electrolyte

Current Collector
+ Separator +
Electrode Material

-
. ~
= Anion < Cation = Solvent ion aH\

1957 Stage |

Electric Double Layer Capacitor
(Carbonous Material)

Electrolyte

-

-

Electrolyte

Electrode Material

H*

gl

aa a dha aa et
Electrode Materi

Current Collector
%
+ Separator .

o

BT T T T
r ¥ * "F et s

"= Redox Activity
4 = Electric Double Layer

Current Collector

Hybrid Capacitor- Stage il

-1 Separator

';EH*J
+H*
SR
Ry
LH‘
;H’.
LH*
- JH

R (Metal Oxide, Hydroxide,

“« Redox Activity (Electron Transfer) S sulfide, Conducting Polymer
/ Carbonous Material)

Pseudocapacitor- Stage Il

(Metal Oxide, Hydroxide, Sulfide,

Conducting Polymer)

Development History and advances in supercapacitors

Microcapacitor
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Recent Smart Application of Supercapacitor

Portable Patch

Biodegradable




