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Abstract

The use of batteries is widespread in the industry, but they have various disadvantages, and in some applications, the
need for less weight or volume, higher power density or a better response to transient events is felt. Due to the practical
problems of batteries and with the advancement of technology, especially in materials science, supercapacitors were
introduced. Supercapacitors are advanced high-capacity electrical energy storage devices in relatively small volumes. A
supercapacitor consists of two thin, high-level electrodes (plates) separated by a diclectric, providing a high energy
storage density. In addition, supercapacitors have advantages over other energy storage technologies such as less carbon
footprint as well as lower cost of ownership and maintenance. Applications of supercapacitors can be to provide
temporary load until the backup generator is fully offline and thus reduce the need for fossil fuel generators, oscillation
and stabilization of frequency changes in power systems, smoothing solar and wind energy, support Short-term and
reduce the risk of breakdown in important facilities and thus improve the quality of electricity supply. Supercapacitors
are used in a wide range of applications, from the power grid to the transportation sector. This article provides an
overview of supercapacitors, including concepts, applications, features, advantages, and limitations.
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1. Introduction
2. Structure of the supercapacitor

Supercapacitors are fast-response, high-power energy

storage devices that store electrical energy and can Depending on the storage mechanism or cell

often be charged and discharged in a short time at high
currents. Supercapacitors have a longer life than
electrochemical storage systems such as lithium-ion
batteries and lead-acid batteries. In addition, they have
advantages such as faster charging and discharging
speeds, need for less maintenance, higher return
efficiency (rotation) and have a lighter mass and
smaller dimensions. Supercapacitors do not contain
harmful and toxic chemicals and produce less heat due
to their low internal resistance, which eliminates the
need for a cooling system. These equipments can work
in the temperature range of -45 to +65 degrees of
Celsius and can be used in combination with
electrochemical storage devices (batteries) to increase
the efficiency and life of their components. The main
use of supercapacitors is to improve the quality of
electricity and they are not used for long-term energy
storage [1] .The main purpose of this article is to
review the applications of supercapacitors in the world
and to introduce some of its practical applications,
especially in the electricity industry of developed
countries.

configuration, supercapacitors are divided into three
different types: double-layer -electrical capacitors
(EDLCs), quasi-capacitors, and hybrid capacitors [2].
It is classified in Figure 1 [3][4][5].

Supercapacitors

| |

Electric double
layer capacitors

! |

Activated carbon | |Carban nanotubes} Graphene

Hybrid Pseudocapacitors

—

Conducting
polymers

Types

Metal oxides

Electrode
materials

Figure 1. Classification of different types of
supercapacitors

3. Applications

Supercapacitors are able to provide a cost-effective
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strategy to network operators to meet the challenges of
voltage, frequency and power quality. According to a
2010 US Department of Energy report, energy storage
can be used in the power industry for decades [6],
including: Temporary load supply until the backup
generator is fully online, initial frequency response,
voltage drop reduction, Application in microgrids,
battery-supercapacitor hybrid systems, solar and wind
smoothing and electric transport.

4. Examples of practical cases of using
supercapacitors in the world

4.1. Power grid

In 2012, East Penn Manufacturing developed a 3-
megawatt supercharger-ultra-capacitive hybrid system
to regulate frequency and demand management. This
hybrid system is now used by one of the well-known
operators of the wholesale electricity market in the
United States called PJM Interconnection to distribute
the service storage system to the distribution company
when electricity is not supplied to the wholesale
market. Local Met-Ed offer. In 2020, to increase grid
stability, an MW 5 supercapacitor made by the
Spanish company Ingeteam was deployed in the UK
National Grid. Also in Germany, Skeleton container
supercapacitors are used alone or in combination to
modify peak networks over MW 50. In general,
supercapacitors can be used to consume reactive
power in transmission or distribution lines, improve
power factor and increase the overall efficiency of the
power system.

4.2. Transportation

In hybrid capacitor-battery systems, supercapacitors are
used to absorb power pulses, thus reducing battery
degradation and increasing their lifespan. For example,
ultra-high charge and discharge speeds in transportation
systems make supercapacitors very suitable for
regenerative braking applications, brake energy
absorption, and propulsion support. This is very
effective in transportation based on an electric system
such as the subway. One of the cases in which
supercapacitors are suitable for fast charging or
discharging in their short intervals is in the electric
vehicle to reduce current fluctuations and harmonic
frequencies caused by charging.

Examples of large emerging markets for 0.1 kWh to
1 MWh supercapacitors in different parts of the
network and transportation can be seen in Table 1 [7].

Table 1. Examples of large emerging markets for 0.1
kWh to 1 MWh supercapacitors

(Ve (kWh)

On- and off-grid
inverter battery - 1/7 Arvio
replacement

Locomotives 500 60 Aowei

Tram, marine
charger,
electricity
compensator

500 5/9 Aowei

City bus, mining
locomotive,
tunnel 500 32
locomotive, port
truck

Aowei

pLIqAH

Complete
battery
replacement in
mild hybrid car,
peak shave in
full hybrid car

Shanghai

7/2 1/0 Greentech

Self-propelled
mobile robots,
power grids, 32 1/1
electric vehicles,
trains, elevators

Jianghai

Emergency
power supply,
microgrid
balancing

1300 235/0 Maxwell

Photovoltaic
smoothing and - 8
load shifting

Maxwell+partner

Microgrid - 150 Maxwell-Freqcon

Hybrid buses,
trams, trolleys,
heavy duty
transport,
harbour cranes,
in combination
with energy
storage systems

6/129 145/0 LS Ultracapacitor

J1a4

Hospital
emergency
power supply 62 900 Eaton
and peak
shaving

Dongguan

Heavy transport 48 5/7 Gonghe

Large mining
excavator

Integrator

) 33/0 Oerlikon

Office of Naval

Rail gun - 2/8 Research USA

Type Application Voltag Energy Supplier
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5. Conclusions

Supercapacitors, due to their unique structure
consisting of two thin, high-surface electrodes
separated by a dielectric, provide very high
capacitance in relatively small volumes, or in other
words, high energy storage densities. In addition,
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supercapacitors have advantages over other energy
storage technologies such as less carbon footprint as
well as lower cost of ownership and maintenance.
Applications of supercapacitors can be to provide
temporary load until the backup generator is fully
offline and thus reduce the need for fossil fuel
generators, oscillation and stabilization of frequency
changes in power systems, smoothing solar and wind
energy, support Short-term and reduce the risk of
breakdown in important facilities and thus improve
the quality of electricity supply. Selection of suitable
materials for optimizing the life, power and energy
density of supercapacitors, design and optimization of
new cell  configuration, development  of
supercapacitor-battery hybrid systems, etc. are among
the important branches in future research on Are
considered supercapacitors.
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Abstract

The use of batteries is widespread in the industry, but they have various disadvantages, and in some applications, the
need for less weight or volume, higher power density or a better response to transient events is felt. Due to the practical
problems of batteries and with the advancement of technology, especially in materials science, supercapacitors were
introduced. Supercapacitors are advanced high-capacity electrical energy storage devices in relatively small volumes. A
supercapacitor consists of two thin, high-level electrodes (plates) separated by a dielectric, providing a high energy
storage density. In addition, supercapacitors have advantages over other energy storage technologies such as less carbon
footprint as well as lower cost of ownership and maintenance. Applications of supercapacitors can be to provide
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temporary load until the backup generator is fully offline and thus reduce the need for fossil fuel generators, oscillation
and stabilization of frequency changes in power systems, smoothing solar and wind energy, support Short-term and
reduce the risk of breakdown in important facilities and thus improve the quality of electricity supply. Supercapacitors
are used in a wide range of applications, from the power grid to the transportation sector. This article provides an
overview of supercapacitors, including concepts, applications, features, advantages, and limitations. Then, their
applications in different sectors of the industry, including use in the power grid and microgrid, especially their benefits
in combination with renewable energy and transportation systems, are discussed. Moreover, some examples of universal
implementation of supercapacitors and the benefits obtained will be explained.

Keywords: Supercapacitor, Energy storage, Application, Electricity network, Transportation.
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