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Abstract: Super capacitors, also known as ultra capacitors or electric double-layer capacitors (EDLCs), are 

advanced energy storage devices that bridge the gap between conventional capacitors and batteries. They 

are characterized by their high power density, rapid charge-discharge capabilities, and long cycle life. These 

attributes make super capacitors an attractive choice for applications requiring high power bursts and 

frequent cycling. The present section provides a detailed overview of the various types of super capacitors 

and their applications, highlighting their underlying mechanisms, advantages, and current advancements. 

 

Index Terms - EDLCs,  Supercapacitors, conventional capacitors, batteries.  

 

I. INTRODUCTION 

 

Super capacitors can be broadly classified into three categories based on their energy storage mechanisms: 

electric double-layer capacitors (EDLCs), pseudo capacitors, and hybrid capacitors. Each type has distinct 

characteristics and applications, making them suitable for different operational needs. 

1.1 Electric Double-Layer Capacitors (EDLCs) 

EDLCs operate on the principle of electrostatic charge storage. They consist of two electrodes separated by 

an electrolyte, where an electric double layer forms at the electrode-electrolyte interface. This layer creates a 

capacitance that is proportional to the surface area of the electrodes and the distance between them. The 

materials commonly used for EDLC electrodes include activated carbon, carbon nanotubes, and graphene. 

Activated carbon, with its high surface area and porosity, is the most widely used material due to its 

excellent performance and cost-effectiveness. 

1.2 Pseudo capacitors 

Pseudo capacitors store energy through reversible redox reactions at the electrode surface, in addition to the 

electric double-layer capacitance. This mechanism provides a higher energy density compared to EDLCs. 

The electrodes in pseudo capacitors are typically composed of transition metal oxides, conducting polymers, 

or metal hydroxides. Materials like ruthenium oxide (RuO₂), manganese dioxide (MnO₂), and poly pyrrole 

are popular choices for pseudocapacitors due to their high capacitance values and good cycling stability. 

http://www.ijcrt.org/


www.ijcrt.org                                                  © 2024 IJCRT | Volume 12, Issue 10 October 2024 | ISSN: 2320-2882 

IJCRT2410144 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b210 
 

Pseudocapacitors offer the advantage of higher specific capacitance and energy density compared to 

EDLCs, although they often come with trade-offs in terms of power density and cycle life. 

1.3 Hybrid Capacitors 

Hybrid capacitors combine the characteristics of both EDLCs and pseudocapacitors, aiming to achieve a 

balance between high power density and energy density. These devices typically use a combination of 

materials from both EDLCs and pseudocapacitors, such as activated carbon for one electrode and a 

pseudocapacitive material for the other. This hybrid approach enables the device to offer better performance 

across a wider range of operating conditions. For example, lithium-ion capacitors (LICs) are a type of 

hybrid capacitor that integrates a lithium-ion battery electrode with a carbon-based EDLC electrode. They 

provide higher energy density than traditional EDLCs while maintaining reasonable power density and 

cycle stability. 

2. Literature Review 

Table 2.1 Empirical Review of Existing Methods 

Reference Method Used Findings Results Limitations 

[1] Zhenxiao Yi 

et al. 

Predictive 

modeling 

Proposed a model for 

predicting supercapacitor 

lifespan. 

Demonstrated 

accurate 

prediction of 

remaining useful 

life with high 

precision. 

Model validation 

requires extensive 

real-world data for 

broader 

applicability. 

[2] Senthil 

Kumar et al. 

Synthesis of 

ternary composite 

electrodes 

Developed high-

performance 

GO/PPy/Ziziphus/Prunus 

composites. 

Achieved 

enhanced 

capacitance and 

stability for 

sensor 

applications. 

Limited 

scalability due to 

complex synthesis 

process. 

[3] Kai Wang et 

al. 

State of charge 

estimation for 

hybrid systems 

Developed a method for 

estimating the state of 

charge in hybrid storage 

systems. 

Improved 

accuracy in 

predicting state 

of charge and 

energy 

management. 

Model complexity 

may limit real-

time application. 

[4] Li Zhang et 

al. 

Electrode 

material 

development 

Investigated TiO2/MnO2 

core/shell arrays for 

supercapacitors. 

Achieved high 

specific 

capacitance and 

excellent rate 

Limited 

scalability due to 

complex material 

synthesis. 

http://www.ijcrt.org/


www.ijcrt.org                                                  © 2024 IJCRT | Volume 12, Issue 10 October 2024 | ISSN: 2320-2882 

IJCRT2410144 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b211 
 

performance. 

[5] Rui Zhu et 

al. 

Energy storage 

performance 

model 

Proposed a model for wind-

solar hybrid energy storage 

systems. 

Demonstrated 

improved 

performance in 

grid-connected 

systems. 

Model assumes 

ideal conditions 

which may not 

always be met in 

practice. 

[6] Tang et al. Optimization of 

asymmetric 

supercapacitors 

Optimized negative 

electrode material and mass 

ratio for asymmetric 

supercapacitors. 

Enhanced energy 

density and 

power 

performance 

observed. 

Optimization 

process is 

material-specific 

and may not 

generalize. 

[7] Zong et al. Nanostructure 

and 

heterostructure 

construction 

Improved electrochemical 

properties of NiCoP via 

Mo/W incorporation. 

Enhanced 

electrochemical 

performance and 

stability. 

Limited to 

specific types of 

heterostructures. 

[8] Hepel Electrochemical 

analysis 

Conducted advanced 

electrochemical 

characterization. 

Improved 

understanding of 

supercapacitor 

behavior under 

various 

conditions. 

The study lacks 

detailed material 

synthesis 

information. 

[9] Zhang et al. Hybrid electrode 

design 

Developed a 

Ti3C2Tx/redox-active 

organic-molecule hybrid 

electrode. 

Achieved high 

energy density 

and capacitance. 

Hybrid design 

may involve 

complex 

fabrication 

processes. 

[10] Yaqoob et 

al. 

Overview of 

electrode 

materials 

Reviewed metal-organic 

frameworks for 

supercapacitors. 

Identified key 

trends and future 

perspectives in 

electrode 

materials. 

Review lacks 

experimental 

validation of 

discussed 

materials. 

[11] Gong et al. Supercapacitor 

performance 

review 

Reviewed various 

supercapacitor types and 

performance metrics. 

Provided a 

comprehensive 

overview of 

current 

Review is broad 

and lacks focus on 

specific 

technological 
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technology and 

improvements. 

advancements. 

[12] Yazar et al. Development of 

aqueous 

electrolyte 

supercapacitor 

Built a supercapacitor with 

polypyrrole/aniline 2-

sulfonic acid modified 

electrodes. 

Achieved high 

energy density 

and wide 

potential 

window. 

Practical 

application 

limited by the 

aqueous 

electrolyte's 

stability. 

[13] Li et al. Preparation of 

MOFs and 

derivatives 

Prepared and tested metal-

organic frameworks for 

supercapacitors. 

Enhanced 

performance 

with high 

specific 

capacitance. 

Preparation 

methods may not 

be commercially 

viable. 

[14] R. R. et al. Chemical 

synthesis 

Investigated chemical 

methods for electrode 

improvement. 

Achieved 

significant 

performance 

enhancement. 

Method may not 

be applicable to 

all supercapacitor 

designs. 

[15] X. Zhang et 

al. 

Performance 

evaluation 

Evaluated performance of 

various supercapacitor 

designs. 

Provided insights 

into performance 

metrics and 

efficiency. 

Limited by the 

scope of designs 

evaluated. 

[16] H. Mittal et 

al. 

Development of 

flexible 

supercapacitor 

Developed a flexible 

supercapacitor with a DNA 

gel electrolyte. 

Achieved high 

flexibility and 

good 

electrochemical 

performance. 

Flexibility may 

affect long-term 

durability. 

[17] Mitta et al. DNA gel 

electrolyte 

supercapacitor 

Designed a supercapacitor 

using a pure DNA gel 

electrolyte. 

Demonstrated 

high 

performance 

with a unique 

electrolyte. 

Long-term 

stability of the 

DNA gel is 

uncertain. 

[18] Liu et al. Ultrahigh voltage 

window super 

capacitor 

Achieved an aqueous 

supercapacitor with a 

voltage window beyond 2.0 

V. 

Improved 

voltage stability 

and energy 

density. 

Limited by the 

electrolyte's 

practical 

applications. 
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[19] Abdul-Aziz 

et al. 

Laser-induced 

graphene 

Developed high-

performance super 

capacitors using laser-

induced graphene. 

Achieved 

excellent energy 

density and 

performance for 

wearable 

devices. 

Scalability of the 

laser-induced 

process remains a 

challenge. 

[20] Yıldırım et 

al. 

Physical 

simulator for 

traction motors 

Created a simulator for 

super capacitor integration 

in traction motors. 

Enhanced 

understanding of 

super capacitor 

performance in 

public transport. 

Simulation results 

may not fully 

reflect real-world 

conditions. 

 

 

Recent research suggests that an MMC-HVDC grid links low moment of inertia may be useful for the 

operation of offshore wind farms. At least, that is the story going around. This statement requires a footnote. 

Inertia reduction is an urgent need for offshore wind energy installations. According to the information 

provided in this article, adding a UESS to an MMC may have financial benefits in addition to the previously 

indicated advantages of scale and dynamics. The findings of this study suggest that MMC-UESS should be 

used by HVDC offshore wind farms to provide inertial correction. The study conclusions provide the basis 

for this advice. Due to its high power density and short inertial reaction time, an ultra capacitor is often used 

as the energy storage component (ESE). The size of an MMC sub module should significantly grow with the 

installation of an ESE. For this use, batteries with a high power density but a low energy density are 

inappropriate. Along with various potential solutions, the appropriate operating voltage of the UESS and the 

control between the MMC loops and the inertial emulation are also examined. Both a scaled-down prototype 

and a simulation run in real-time use scenarios demonstrate the concept practicality for different use cases. 

 

Conclusion: 

The field of carbon-based electrode materials is evolving rapidly, driven by advancements in material 

science, nanotechnology, and sustainable production practices. Carbon materials such as activated carbon, 

graphene, carbon nanotubes, and their composites offer diverse benefits for energy storage applications, 

each contributing unique properties to enhance performance. The ongoing research into hybrid materials, 

sustainable production methods, and structural optimization is paving the way for more efficient and cost-

effective energy storage solutions. These innovations are not only improving the performance of 

supercapacitors and batteries but also addressing broader challenges related to scalability and environmental 

impact sets.  

As the demand for advanced energy storage technologies continues to grow, the role of carbon- based 

electrode materials will remain crucial. The development of new materials and technologies, combined with 

improved production techniques, will drive further progress in the field and contribute to more efficient and 

sustainable energy storage systems. The trends and advancements highlighted in this section underscore the 

dynamic nature of carbon-based materials research and its potential to shape the future of energy storage 

technology. 

http://www.ijcrt.org/

