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Abstract— Energy can be transformed into different forms for 

example wind energy can be transformed into electrical energy. 

We need some storage equipment to store energy at the time of 

transient condition to save the onward elements from damage and 

at the time of low power demand so that we can provide some 

power when there is increase in power demand. There are 

different types of circuit equipment available to for the fulfillment 

of above mentioned goal. Few features we have to consider while 

installing storage set up and those are charge and discharge 

duration, efficiency and of course the cost on the basis of power 

demand. Recently super-capacitors came into picture and in the 

same context graphene and its derivative compounds are pondered 

over n over due to its easy availability and processing.  
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1. INTRODUCTION 

Electrical energy can be stored after making up into different 

forms, such as: a)gravitational potential energy can be stored in 

water reservoirs , b) in the form of highly pressurized air, c) in 

the form of electrochemical energy in electrostatic cells, d) in 

the form of chemical energy in fuel cells, e)kinetic energy in 

flywheels, f) in the form of magnetic energy in inductors, g) in 

the form of electric charge in capacitors [1]. 

 

2. Hydro Potential Kinetic Reserve  

 

HPKR operates on the principle based on usage of the 

gravitational potential kinetic forms’ inter-conversion, by 

pumping water from a lower level of reserve to an upper level 

of reserve while there is crest in power demand and while 

trough in power demand water is forced to flow from the upper 

level of reserve to the lower level of reserve, activates the prime 

mover that is rotary machine that uses the kinetic energy of a 

uninterrupted stream flow of fluid to generate electricity. The 

gravitational potential kinetic inter-conversion is directly 

related to the amount of water in the upper level of reserve and 

the distance between the upper level of reserve and water bed 

[1] [2]. 

 

3. Thermodynamically Profiled Air Energy Storage  

 

In TPAES highly pressurized air is stored in an underground 

storage cavern. When power is to be injected into the system, 

that highly pressurized air is drawn from cavern, heated and 

then sent in a set of high and low Pascal rotary machines that 

use the kinetic energy of an uninterrupted stream flow of fluid 

which then these convert highly pressurized air energy into 

rotational kinetic energy. Some air is mixed with natural gas for 

combustion. While the rotary machines that use the kinetic 

energy of an uninterrupted stream flow of fluid are connected 

to electrical rotary machines that mechanical to electrical path 

of energy conversion to get electrical energy, the rotary 

machine exhaust that uses the kinetic energy of an uninterrupted 

stream flow of fluid is used to heat the cavern air. The system 

set up is given in figure1. [1]. 

 

4. Chemical-Electrical Conversion Reserve System 

 

CECRSs are associated in both of these three ways: a] all 

anodes are at a certain point, b] anode of one is associated with 

cathode of another, c] consolidating previous two courses, 

keeping in mind the end goal to acquire the required power 

limit. Each electrostatic cell is a bundle of positive as anode and 

negative as cathode and an electrically dynamic compound. The 

electrically dynamic substance is utilized for exchange of 

cations and anions between the two anodes; while the electrons 

move through the outer circuit [3] [4]. Presently there are 

distinctive sorts of electrostatic cells, some of them are [1] [2]: 

 

a) Lead-Acid electrostatic cells: This electrostatic cells 

comprises of cells dunked in weaken sulphuric corrosive as 

electrically dynamic synthetic, lead dioxide as anode and lead 

as cathode. At the point when this electrostatic cells works in 

release state then both anode and cathode are changed over into 

lead sulfate while in control state both terminals return to their 

past frame that are Lead dioxide and lead [1] [2]. 

 

b) Nickel–cadmium electrostatic cells (Ni–Cd): This is an 

antacid rechargeable electrostatic cells. It comprises of nickel 

sort of thing and cadmium sort of thing as anode and cathode 

separately watery soluble base arrangement of KOH as the 

electrically dynamic substance. Amid the release mode, Ni 

(OH) 2 as anode, and Cd (OH) 2 as cathode. Amid the charge 

mode, Ni (OH) 2 as anode, and metallic Cd as cathode [3] [4]. 

 

c) Sodium–Sulphur electrostatic cells (NaS): NaS electrostatic 

cells comprises of anode of this sort of electrostatic cells is 

made of sodium (Na), while the cathode is made of Sulphur. 

Al2O3 goes about as both the electrically dynamic substance and 

the separator. Amid the release method of operation, the 

metallic anode-sodium is oxidized, discharging Na+ cations, 

while the cathode is decreased, discharging S2sulphur anions. 

The electrically dynamic synthetic is as medium of exchange of 

sodium cations and anions to the cathode where they 

consolidate with Sulphur anions and create sodium 

polysulphide NaSx. Amid the charge  
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Figure 1. Compressed Air Energy Storage [1] 

 

Method of operation, the inverse response happens; sodium 

polysulphide is disintegrated into sodium and Sulphur [4] [5] 

 

d) Lithium-particle electrostatic cells (Li-particle):  

The Li-particle electrostatic cells working depends on the 

electrochemical responses between lithium cations and anions 

(Li+) with anodic and cathodic dynamic materials. The Li-

particle electrostatic cells are made of anodic and cathodic 

plates, loaded with fluid electrically dynamic compound. The 

anode regions are set in points of confinement by a permeable 

separator of polyethylene or polypropylene, which permits the 

travel of Li+. The cathodic material is generally in light of 

lithium metal oxide, as lithium cobaltate (LiCoO2), while the 

anodic material is graphite [4] [5].  

 

5. Stream Electrostatic Cells Energy Storage System 

 

Stream electrostatic cells usefulness, in view of bidirectional 

electrochemical responses that happen in an arrangement of 

cells associated in arrangement, parallel or both, keeping in 

mind the end goal to accomplish the craved voltage level. It 

comprises of two watery electrolytic arrangements and anions 

in partitioned tanks. Amid the ordinary capacity of the 

electrostatic cells, these watery arrangements are compelled to 

move through the electrochemical cell where the responses 

happen. Three sorts of stream electrostatic cells are there, for 

the most part: Vanadium Redox Electrostatic cells (VRB), Zinc 

Bromine Electrostatic cells (ZBB) and Polysulphide Bromide 

Electrostatic cells (PSB) [5].  

 

 

Vanadium redox stream electrostatic cells (VRB)-The 

framework life is around 15–20 years, with more than 1000 

charge and release cycles at 100% of (DOD). The framework 

can accomplish work capacity of 78%. The cost per kWh 

diminishes as Energy stockpiling limit increments, 

accomplishing costs as low as 150$/kW h for at least 8 hours of 

capacity gadgets [4] [5].  

 

Zinc–bromine stream electrostatic cells (ZBB)-It is accessible 

in sizes of 1 MWh to 3 MWh for utility-scale applications, with 

the capacity to give its appraised energy to 2–10 hrs. A lot of 

Energy can be put away for drawn out stretches of time because 

of for all intents and purposes no self-release of the electrostatic 

cells. Other vital elements of this electrostatic cells are its 

moderately high particular Energy of 75–85 Wh/kg (in the 

vicinity of 2 and 3 times that of Lead-Acid electrostatic cells), 

a high work capacity of 75–85% and a more drawn out cycle 

life than 2000 charge and release cycles at 100% of (DoD) with 

no harm. As far as greenness, these items are essentially made 

of reused plastics, permitting minimal effort creation and high 

recyclability [6] [7].  

 

Polysulphide–bromide stream electrostatic cells (PSB) - The 

appraised power and Energy limit of this framework are 15 MW 

and 120 MW h separately, which give an obligation cycle of 10 

hrs. The framework has a measured plan. Every module has 100 

kW of appraised power. The work capacity of the framework is 

75%, with a moderately long life, over 15 years [4] [5].  

 

 

6. Hydrogen-based Energy Storage System 

 

Hydrogen, in wind control plants, can be put away with a 

specific end goal to utilize specifically in power devices, or to 

be transported to utility unit through pipelines to create power. 

At the point when hydrogen is put away, this is known as 

Regenerative Fuel Cell (RFC).As shown in figure, it includes 

the following components: a water electrolyser system, a fuel 

cell system, a hydrogen storage and a power conversion system 

[5].  
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Figure 2.Stream Electrostatic Cells Energy Storage System [1]  

 

 

 

 

 
 

Figure 3. Regenerative fuel cell [1]

 

 

This innovation is in charge of doing the electrochemical 

change so as to store Energy as hydrogen and infuse it as power 

into the matrix, when required. They are planned in a measured 

way, high Energy frameworks with more than 100 MWh and 

with high pinnacle control, more than 10 MW, can be 

accomplished [4] [5].  

 

 

7. Rotational Energy Storage of Flywheel 

 

A RESF is an electromechanical framework that stores Energy 

in type of active Energy. A mass pivots on two attractive 

orientation so as to reduction rubbing at rapid, combined with 

an electric machine. The whole structure is set in a vacuum to 

lessen wind shear. The framework is introduced in figure 

4.Energy is exchanged to the flywheel when the machine works 

as a rotating machine which change electrical to mechanical 

type of energy means flywheel quickens brings about charging 

of RESF and it is released when the electric machine recovers 

through the drive implies flywheel backs off. Truth be told, the 

Energy put away by the flywheel is reliant on the square of the 

pivoting rate and its dormancy. Financially, the two noteworthy 

sorts of machines utilized for flywheels frameworks are the 

pivotal flux and the outspread flux changeless magnet machines 

[8].  

8. Superconducting magnetic energy storage 

 

The SMES's operation depends on putting away energy in an 

attractive field, which is made by DC current through a large 

superconducting coil at a cryogenic temperature. The energy is 

figured by multiplying the self-inductance of the coil and the 

square of the current moving through it. In this manner, the 

portrayal of the loop has a focal part in the framework outline.
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Figure 4. Flywheel Energy Storage System [1] 

 

 
Figure 5. Super capacitor energy storage system [1] 

 

 

Contingent upon the framework working temperatures, 

superconducting loops can be delegated: High Temperature 

Coils (HTS), which work at temperatures around 70Kelvin, and 

Low Temperature Coils (LTS), a more elevated amount of 

innovation, with working temperatures around 5Kelvin. Flux 

densities around 10Tesla at 4.2Kelvin have been tentatively 

revealed, permitting Energy densities of 40 MJ/m3. So higher 

Energy densities can be acquired. The cooling framework must 

be considered as a center component of the framework, since it 

is crucial to get a superconductor curl in its cryogenic state. In 

this sense, the framework has two cryo-coolers, the first is in 

charge of cooling the superconductor loop by method for fluid 

helium or nitrogen shower, and the second is required to cool 

shields outside the shower. Luckily, the energy required for 

these cooling frameworks is considerably littler than the energy 

put away in the framework [12] [14].  

 

 

 

 

9. Super capacitor energy storage system 

 

Super capacitors are otherwise called ultra-capacitors or 

twofold layer capacitors. Like electrostatic cells, super 

capacitors depend on electrochemical cells which contain two 

transmitter terminals, an electrically dynamic substance and a 

permeable film whereby particle travel between the two 

cathodes is allowed. Be that as it may, no redox response 

happen in the cells, in light of the fact that the working voltage 

is lower, keeping in mind the end goal to electrostatically store 

charge on the interface between the surfaces of the electrically 

dynamic compound and the two transmitter anodes and 

henceforth makes two capacitors (because of both interfaces, 

electrically dynamic substance negative terminal and 

electrically dynamic chemical positive cathode), thus they are 

called twofold layer capacitors. The energy put away in the 

capacitors is specifically corresponding to their ability and the 

square of the voltage between the terminals of the 

electrochemical cell, while the limit is identified with the anode 

surface zone and contrarily identified with the separation 

between the cathodes.  

http://www.jetir.org/


© 2019 JETIR March 2019, Volume 6, Issue 3                                                             www.jetir.org (ISSN-2349-5162) 

JETIREL06248 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1662 
 

There are two methods for planning of supercapacitors 

cathodes: symmetrical and unbalanced supercapacitors. 

Symmetrical supercapacitors use a similar material for their 

positive and negative anodes. Another method for 

categorization can be made for anodes based upon their 

materials and those are empowered carbon cathodes, metal-

oxide terminals and electronically directing polymer cathodes 

[12] [14].  
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