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The Unique Advantages
of High-Power-Density
Supercapacitors

Supercapacitors bridge the application gap between rechargeable batteries and

electrolytic capacitors.

Supercapacitors possess a high cycle efficiency (more than
a million cycles), a large number of charging cycles higher
than 95%, and a faster discharge time with a longer life. The
high value of a supercapacitor is usually measured in farads
as compared to other capacitors, which are measured in mi-
crofarads or nanofarads.

Supercapacitors can be used in a range of applications
from a battery alternative in uninterruptible power supplies

(UPS) to improving linear voltage regulator operation.
What's the Difference Between Capacitors and Superca-

pacitors?

Capacitors are excellent as energy-storage devices. Take
an electric double-layer capacitor thats able to store more
charge or energy than standard capacitors. This unique
device enables the plates used in the capacitor, which have
a larger surface area and a shorter distance between the
plates as compared to standard capacitors. Because of the

high stored charge, these capacitors are uniquely known as
supercapacitors.

Supercapacitor construction has two metal plates that
consist of porous material like activated charcoal or carbon.
No separate dielectric is utilized in a supercapacitor. The
metal plates get soaked in an electrolyte and then separated
via a thin insulator made out of carbon or paper.

The high surface area of the electrode along with a rela-
tively thinner dielectric medium will result in the storage of
a high charge within less space. When the plates reach a full
charge, an opposite charge will form on either side of the
dielectric, thus creating an electric double layer.

Supercapacitors are employed in applications such as
power conditioning, industrial lasers, medical equipment,
UPS, wireless communication systems, and wind turbines.
Supercapacitors can be connected in series to produce high-
er voltages for more powerful equipment.
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Kinds of Supercapacitors

Supercapacitors divide into three categories based on their
charge storing mechanism: electrochemical double-layer capaci-
tors, pseudo-capacitors, and hybrid electrochemical capacitors
(see figure).

Supercapacitors have emerged over a few decades from an in-
triguing, preferred design choice to a consistently relied on tech-
nology for applications that span from battery backups to pre-
venting unintended storage memory loss. Engineers are drawn
to supercapacitors due to their multiple benefits, which includes
excellent reliability and performance.

An important supercapacitor characteristic is that it can be
charged and discharged virtually hundreds of thousands of times
under normal conditions. Electrochemical batteries differ from
supercapacitor batteries in that they have a defined cycle life; how-
ever, wear and tear remains low by cycling the supercapacitor. In
addition, supercapacitors offer faster charge/discharge cycles than
batteries, and they maintain effective current-handling capability.

Power Density and Supercapacitors

Supercapacitor high power density leads to fast charge and
discharge cycles, which makes possible fast energy bursts. These
electrochemical capacitors can bridge the gap between batteries
and traditional capacitors, having unique advantages in energy
storage of power (i.e., energy per unit time) that enables a device
to deliver relative to its weight or size.

Main features of supercapacitors include:

« High power density: Supercapacitors reach power densities
significantly higher than that of conventional batteries, al-
lowing them to quickly deliver energy. This trait is quite use-
ful in applications such as power backup systems and regen-
erative braking in electric vehicles.

« Energy density: Although supercapacitors will excel in pow-
er density, they range between 30 to 50 Wh/kg in advanced
designs. This is lower than batteries, but ongoing research
will lead to enhancing these figures.

« Construction and materials: Supercapacitor pow-
er density is influenced by their construction, as well
as the choice of electrode materials (such as carbon nano-
tubes and graphene) and the proper electrolyte.

The Future of Supercapacitors in Applications

Research efforts today focus on progressive performance met-
rics through the use of new materials and solid structural designs.
The evolution of nanotechnology and advanced nanomaterials
such as metal-organic frameworks (MOFs) holds considerable
promise in terms of available surface area for charge storage.

In addition, manufacturing processes aimed at produc-
ing supercapacitors with reduced environmental impact while
maintaining efficiency are under development. As technologies
converge and mature, it’s anticipated that supercapacitors will
continue to carve out a unique niche within the energy space,
demonstrating access to high-performance energy storage so-
lutions for both industries and consumers. One example is the
development of supercapacitors that can be made from low-cost
wearables.
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