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ABSTRACT 

The rising cost of energy, pollution, global warming, and geopolitical concerns are just a few of 

the issues associated with contemporary civilizations' reliance on fossil fuels. Reducing these 

problems is becoming a more essential objective, which may be accomplished by developing 

alternative energy sources and storage technologies. As a consequence, there has been a surge in 

interest in high-power, high-energy-density storage devices in recent years. To address this issue, 

more widespread use of renewable energy sources and improved transportation system efficiency 

are two key objectives to pursue. The technology and operating principles of several super 

capacitor materials are discussed in this overview. The most significant super capacitor active 

materials are addressed from both a research and an application standpoint, with short 

descriptions of their characteristics such specific surface area and capacitance values. A 

comparison of various super capacitor electrolytes is presented, along with their good and 

negative characteristics. Finally, cell configurations are discussed, with the benefits and 

disadvantages of each arrangement highlighted. 

 

KEYWORDS: Electric double-layer, Electrode material, Electrolyte, Pseudo capacitance, Super 

capacitor. 

INTRODUCTION 

Energy storage systems (ESSs) are essential for dealing with the intermittent nature of renewable 

energy sources and increasing the amount of electricity transferred into the grid from wind and 

solar power systems. Furthermore, increasing a vehicle's efficiency necessitates the storage of 

kinetic energy whenever the vehicle slows or stops. Although these activities have been 

successfully carried out on a low-power scale using batteries, new techniques for increasing 

efficiency will require huge quantities of power, which can only be supplied by alternative energy 

storage systems such as supercapacitors. Due to their high power capability and extended cycle 

life, they have garnered a lot of interest, and they provide a great opportunity to develop more 

sophisticated hybrid ESSs for both on-board and stationary applications[1]–[4]. 

Energy Storage Systems using Supercapacitors: 

In comparison to batteries, supercapacitors are devices that can manage high power rates. 

Supercapacitors offer hundreds to thousands of times more power in the same space, but they 

cannot hold the same amount of charge as batteries, which is typically 3–30 times less. As a result, 

supercapacitors are well suited to situations where power bursts are required but large energy 

storage capacity is not. Supercapacitors may also be used to decouple the power and energy 

characteristics of a battery-based ESS, allowing for better size while still meeting the power and 

energy needs, and perhaps extending its lifespan. 

Supercapacitors have a lower power output than electrolytic capacitors, but may reach about 10 
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kW kg
-1

. Their specific energy, on the other hand, is many orders of magnitude more than that of 

capacitors. These devices are intriguing because they bridge the gap between aluminum 

electrolytic capacitors and batteries, both of which are capable of storing huge quantities of energy 

but, owing to their storage method, do not provide extremely high power densities (o1 kW kg
-

1
)[5]–[8]. 

Double layer of electricity: 

When a charged item is dropped into a liquid, it forms an electric double layer. This charged 

surface's balancing counter charge will develop on the liquid, concentrating towards the surface. 

For this contact between a solid and a liquid, there exist many hypotheses or models. 

Model of Helmholtz: 

For describing the spatial charge distribution at double layer interfaces, this theory provides the 

simplest approximation. At a d distance from the solid, opposite sign ions neutralize the charge of 

the solid electronic conductor. This is the distance between the surface and the ion's core. The 

charges from the solid are counterbalanced by stiff layers in this hypothesis. As of today, this is 

considered the most basic hypothesis, yet it still fails to fully describe what happens in nature. 

Gouy–Chapman Model or Diffuse Model: 

According to Gouy, a liquid surrounding a charged solid has the same amount of opposing ionic 

charge, but the ions are not firmly bonded to the surface. These ions in the solution tend to diffuse 

into the liquid phase until their departure creates a counter-potential that prevents diffusion. The 

thickness of the diffuse layer will be determined in part by the kinetic energy of the ions in the 

solution. 

The ion concentration in the solution at the surface follows the Boltzmann distribution, according 

to Gouy and Chapman's ideas of this diffuse layer. For highly charged double layers, this concept 

fails. The thickness of double layers observed experimentally is higher than the predicted 

thickness. 

Diffuse Double Layer has been Sternly Modified: 

The Gouy–Chapman model is closer to reality than the Helmholtz model, although its quantitative 

applications are restricted. It presupposes that the ions are point charges that may freely reach the 

surface, which is not the case. The Gouy–Chapman model was updated by Stern, who stated that 

the ions had a limited size, restricting their approach to the surface. The Gouy–Chapman model 

implies that the initial ions are at a distance from the surface, while the Stern model considers that 

there may be particularly surface-adsorbed ions in plane; this is known as the Stern layer. Within 

this so-called compact layer, ions are firmly adsorbed by the electrode. There are particularly 

adsorbed ions (creating the inner Helmholtz plane) and nonspecifically adsorbed counter-ions in 

the compact layer (forming the outer Helmholtz plane). 

To address the inadequacies of the Gouy–Chapman model for the diffuse layer, Stern proposed 

combining the two preceding models, resulting in an inner Stern layer (e.g. the Helmholtz layer) 

and an outer diffuse layer (e.g. the Gouy–Chapman layer). 

Electric double layer in supercapacitors: 

Although the aforementioned models adequately describe the electrical double layer on flat 

surfaces, they fall short of accurately representing the actual charge distribution in supercapacitor 

nanoporous electrodes. The difficulties of charge storage are exacerbated by the idiosyncrasies of 

ion electrosorption in porous media, and there is still a lack of full knowledge of ion behavior in 

nanopores. 

When a supercapacitor is charged, electrons are pushed to travel via an external circuit from the 
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positive electrode to the negative electrode. As a result, the electrolyte's cations concentrate in the 

negative electrode while anions concentrate in the positive electrode, creating an EDL that 

compensates for the external charge imbalance. During the discharge, electrons flow via an 

external circuit from the negative electrode to the positive electrode, mixing both types of ions in 

the pores until the cell is discharged. 

Ions in the bulk electrolyte do not travel in the same manner that they do in the pores of an 

electrode material. The pore size has a big impact on ion mobility into the pores, which if it's too 

tiny, makes the pores inaccessible and doesn't contribute to double layer capacitance[9], [10]. 

Pseudocapacitance: 

Pseudocapacitance is a charge storage mechanism based on rapid and highly reversible redox 

processes at the surface or near the surface. Importantly, the electrical response of a 

pseudocapacitive material is ideally the same as that of a double-layer capacitor, in that the state of 

charge changes continuously with potential, resulting in a proportionality constant that may be 

officially referred to as capacitance. Some materials, such as functionalized porous carbons, may 

store a large charge in a double layer, combining capacitive and pseudocapacitive storage 

processes. 

Materials for the electrodes include: 

Here are the most significant electrode materials, along with a short description of their properties. 

Carbon-based materials, metal oxides, and conducting polymers are the three subsections of this 

section. 

Carbon materials: 

Carbon-based materials are utilized in a broad variety of applications. They are widely available 

because to their cheap cost and well-established industrial manufacturing methods. This section 

covers supercapacitor carbons, from the most common to the most recent innovations. 

i. Activated carbon:  

Because of its large surface area and cheap cost, activated carbon is the most commonly utilized 

active material for supercapacitor electrodes. These are made from carbon-rich organic precursors 

that have been heated and activated in an inert environment, leading in the development of 

porosity. Natural renewable materials such as coconut shells, wood, fossil fuels and their 

derivatives such as pitch, coal, or coke, or synthetic precursors such as polymers may all be used 

to make these precursors. 

ii. Carbide derived carbons (CDC): 

Carbide derived carbons (CDCs) are made by extracting metals from carbides that serve as 

precursors at high temperatures. High temperature chlorination and vacuum decomposition are the 

most prevalent techniques for CDC synthesis. Because carbide precursors allow for finer tailoring 

of porosity networks and greater control over surface functional groups than activated carbons, 

CDCs have been hailed as potential for supercapacitors. 

iii. Carbon Nanotubes (CNT): 

Carbon nanotubes (CNTs) and carbon nanofibers: Catalytic breakdown of certain hydrocarbons 

produces carbon nanotubes (CNTs) and carbon nanofibers. Various nano-structured formations 

may be obtained by altering different factors and regulating their crystalline arrangement. Single-

walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) may be 

made depending on the synthesis conditions. These feature a large exterior surface area that is 

completely accessible and a strong electrical conductivity. The purity and shape of CNTs have a 

significant impact on their specific capacitance. CNT electrodes have a mostly mesoporous surface 
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that is connected to the tubes' exterior face. 

iv. Graphene: 

A one-atom-thick sheet of sp
2
 linked carbon atoms in a polyaromatic honeycomb crystal structure 

is known as graphene. Due to its rate and cycle capabilities, increased capacity, and good 

physiochemical characteristics, this material is ideal for high-performance energy storage systems. 

Large surface area, excellent flexibility, good electrical conductivity, good chemical and thermal 

stability, broad potential window, and numerous surface functional groups are just a few of the 

benefits of this material. 

v. Mesoporous Carbons: 

Mesoporous carbons may be made using a variety of techniques. High surface organized meso-

structures, in particular, are intriguing because they can handle high power ratings without 

substantial capacity fading. Microporosity often includes bottlenecks that significantly reduce ion 

mobility, lowering the electrode's power capacity. Mesopores are not narrow channels that impede 

ion transport, thus they can retain capacitance even when the current density is large. 

Oxides of Metals: 

Metal oxides have a high specific capacitance and conductivity, making them ideal for high-

energy and high-power supercapacitor electrode construction. RuO2, IrO2, MnO2, NiO, Co2O3, 

SnO2, V2O5, or MoOx are some of the metal oxide compounds utilized in electrode 

manufacturing. Ruthenium and manganese oxides are the most researched. 

 Ruthenium Oxide: 

Due to its benefits over other materials, ruthenium oxide (RuO2) is one of the most researched 

electrode materials. This substance, with a specific capacitance of approximately 1000 F g
-1

, has 

the greatest specific capacitance among pseudocapacitive materials. It also possesses a broad 

potential range, highly reversible redox processes, strong conductivities, excellent thermal 

stability, cycle life, conductive permeability, as well as higher percentage capability. 

Polymers: 

High electric conductivity (up to 104 S cm
-1

 for doped polyacetylene), high electroactivity (the 

capacity of the an electrode covered with a polymeric membrane to transiently change its redox 

potential in a remedy under the application of an external electric field), the ability to form neutral 

layer upon layer on metal surfaces, and the semiconducting band structure are all characteristics of 

polymer electrodes. 

DISCUSSION 

A supercapacitor (SC), sometimes known as an ultracapacitor, is a high-capacity capacitor that 

bridges the gap between electrolytic capacitors and rechargeable batteries by having a capacitance 

value considerably greater than conventional capacitors but lower voltage limitations. The 

supercapacitors are used by operators to collect energy produced when a bus brakes for one of its 

numerous stops, then discharge the power to assist the vehicle in starting from a dead stop. 

Supercapacitors may completely replace batteries in hybrid buses for this purpose, whereas all-

electric buses need fewer batteries. The author of this review collected several electrode and 

electrolyte materials and discussed their benefits and drawbacks in supercapacitors. 

CONCLUSION 

Supercapacitors are a fascinating technology for a variety of applications that need high power 

ratings, extended cycle and calendar life, and dependability. Renewable energy systems, such as 

wind power conversion and solar systems, provide these criteria. The first needs a burst of high 
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power to alter blade pitch or improve low voltage ride-through capabilities. The second 

necessitates output power smoothing, which is often done using batteries that are only good for a 

few years. 

The author of this review collected several electrode and electrolyte materials and discussed their 

benefits and drawbacks in supercapacitors. In order to obtain excellent capacitance ratings, 

considerable attention must be paid to ensuring a suitable electrode–electrolyte match. Optimizing 

the electrode–electrolyte interface is critical for optimizing performance, particularly in 

supercapacitors' capacitance and rate capabilities. 

The ultimate application's requirements, such as cycle life, specific energy and powers, energy and 

power densities, and calendar life, must all be considered while selecting materials. Aside from 

materials, a major area of possibilities for creating hybrid battery/supercapacitor systems is the 

design and optimization of novel cell topologies. In situations where a battery or supercapacitor 

alone cannot satisfy particular requirements like as energy density, cycle life, or power rating, such 

systems will be in high demand. 
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