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Abstract— Energy storage in today’s world is becoming a 

vital part of renewable energy sector. With the drastic growth 

of renewable energy sources, energy storage is playing a 

crucial role in renewable energy development in India. It is 

advantageous for complete supply chain mainly due to 

enhanced electric power quality, dependability and better grid 

stability. Thus, reducing renewable energy irregularity, with 

increased adaptability and accessibility of electrical energy in 

rural places and decreased harmful emissions. This paper 

primarily depicts an overview of the selected energy storage 

technologies like Pumped hydro energy storage, Compressed 

air energy storage, Battery energy storage, Flywheel, Super 

capacitors, Hydrogen energy storage, Superconducting 

magnetic energy storage, and Thermal energy storage. It 

highlights driving factors for growing energy storage in India. 

A brief comparison of different technical characteristics and 

features of these technologies is also discussed. 
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I. BACKGROUND 

If solar-generated electricity is to be a reliable substitute to 

fossil or nuclear power it must have technical characteristics 

equal to those sources of energy; that is, it must be easily 

exercised in a modern industrial state, and its cost must be 

legitimate. Since renewable resources generally diffuse, 

remote from major demand centres, and intermittent, the 

issues of transmission and storage must be addressed. Indeed, 

access to and price of transmission and system reliability 

penalties are already having an impact on the assimilation of 

wind energy onto utility grids. 

 Wind turbines are by far the cheapest and most 

blooming new source of renewable electrical energy present 

today. This is due both to the best quality of the turbines 

developed over the past decades, and to far-sighted and 

effective government law that mandates a fairly high cost for 

wind electricity. These similar policies do have some 

degrading effects, however, which up to now have not 

hampered the swift increase of wind generated electricity. 

Utilities, mostly, are forced to absorb the prices of 

transmission line and substation reinforcement and of 

assuring overall system reliability. Given low wind turbine 

capacity factors (20–30%), transmission has already become 

a problem in some areas, while system integration is 

increasingly a problem as wind penetration grows above 15% 

of average electricity demand.  

 One way to work through these issues to the 

advantage of wind and other recurring renewable energy is to 

introduce storage on the system in a way that recognizes the 

wind/storage plant as a collective entity: that is, the output of 

the total system should be classified as renewable energy. 

This will solve transmission and reliability issues as well as 

allowing wind in the not too distant future to source up to 

about 80 per cent of total electricity demand. 

II. PUMPED STORAGE 

Pumped storage is extensively used all over the world. 

However, it is basically economical only in large installations 

(1000 MW), and the above ground reservoir has a 

representative environmental impact due to its size and 

changing behaviour. Additionally, many regions do not have 

any favorable sites for storage reservoirs or have sites only in 

areas where there is solid opposition to such a facility. And 

while the environmental impact of an underground pumped 

storage reservoir is nominal, the price is high. Lastly, the 

installed capital price of aboveground pumped storage is 

much higher than for a CAES system; seasonal storage, 

which requires 200–300 hours of storage capacity, is not 

economical. 

III. BATTERY STORAGE 

Battery storage is also a possible way. While the plant capital 

cost ($/kW) is low, the storage capital cost is higher, and the 

total installed capital cost, even for advanced batteries, is 

outrageous. Moreover, the volume of materials required for a 

utility scale facility raises environmental issues that are tough 

to overthrown. Surely the use of lead acid batteries, even in 

advanced systems, would be out of the question. In addition 

to that, the battery system price does not include the 

replacement cost. Undoubtedly, the use of batteries in a utility 

scale storage system is not realistic. 

IV. SUPERCONDUCTING MAGNETS 

Large scale superconducting magnets for energy storage are 

still developing, while small scale systems used for short term 

dropout safety on critical equipment like computers are 

already arranged. Again, the very high storage capital price 

($300/kWhopop) makes these economically impractical for 

utility scale systems. Additionally, the environmental impact 

of large solenoids and their associated unrestricted magnetic 

fields might be an issue. 

V. FLYWHEELS 

Flywheels have been used to store energy in rotating 

machinery from long ago, and larger flywheels using 

advanced materials are under development. Once again, their 

expensive storage capital cost ($300/kWhopop) shows that 

while such systems may be useful in special applications like 

automobiles, bulk electricity storage using flywheels is 

highly impractical. 

VI. REGENERATIVE FUEL CELLS 

The new storage technology is made based on the recently 

developed regenerative cell. To charge the system, electricity 

is converted into chemical energy in two electrolytic 

solutions in fuel cell and pumped into storage tanks; during 

discharge, the method is reversed. System lifetime is assumed 



Energy Storage 

 (IJSRD/Vol. 10/Issue 2/2022/042) 

 

 All rights reserved by www.ijsrd.com 145 

to be greater than 15 years; overall system efficiency is nearly 

about 65%. 

 The technology has various benefits. The system is 

modular so that it can be expanded and repaired with ease; 

tens or hundreds of modules are connected in series and 

parallel. Storage capacity is individually adjustable from 

power output. The respond time of the system is less than 3 

seconds, so that applications such as spinning reserve, load 

levelling, and distributed generation (peak shaving) are 

likely. 

VII. COMPRESSED AIR 

CAES is works on the principle of gas turbine (or jet engine) 

technology that has developed enormously over the past 

decade; modern single cycle combustion turbines now are 

efficientt between 30 and 40%. 

 A turbine is, in principle, a simple machine having a 

compressor, a combustor, and an expander; it extracts energy 

from fuel in a thermodynamic Joule cycle. Air is first 

compressed at constant entropy (isentropic compression) in 

compressor, and then is heated at constant pressure (isobaric 

heating) in the combustor chamber. Energy is then extracted 

at constant entropy and heat is rejected at constant pressure 

into the expander; the extracted energy is used in both 

driveing a generator to produce electricity and running the 

compressor. CAES interruptts this thermodynamic cycle; 

rather than injecting the compressed gas directly into the 

combustor, it is stored in and below ground reservoir. When 

power is in demand, high-pressure gas is drawn from the 

reservoir and the remaining cycle completed. 

 A CAES system in its simplified form has a 

compressor, a turbo expander (a combustor and expander), a 

generator, and an underground storage volume such as a 

solution mined cavern in a salt deposit, a capped porous rock 

structure such as a depleted gas reservoir, or a hard rock 

cavern or deserted mine. To charge the reservoir, power is 

given to compressor which pumps air at a pressure of about 

80 bars into the underground storage container. When power 

is in demand the high-pressure air is drawn from the cavern 

and supplied with fuel to turbo expander electricity 

generation. 

 This system has many important advantages. Power 

generation is works on the basis of gas turbines, which are 

uncomplicated, reliable, and cheap. The storage medium is 

air, which is readily and easily available and free. The turbo 

expander, which does not drive the compressor, has a sky 

high ramp rate, so that the system can be brought on a line 

and respond to system changes very rapidly; in addition to 

that, the heat rate is steady over a wide range of output power. 

The compressor used to charge the storage reservoir is totally 

uncontrolled of the generator and can be figured to match the 

wind resource and wind turbine array.  

 There are many ways to advance upon the simple 

CAES system concept and reduce the energy ratio, the 

underground storage volume and the total installed capital 

price. These could decrease the price of energy from the 

enhanced CAES system upto 15–20%. 

 The wind resource can differ significantly annually, 

in various cases being much better in the winter or spring than 

in the summer, so that a system with a seasonal energy storage 

capacity would be a great benefit.  

VIII. CONCLUSION 

There are many other technologies emerging day by day as 

storage of the renewable energy produced is very important 

in case of any weather change or disruption. It is assured that 

future has many best and most efficient technologies for 

power storage. 
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