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Abstract— Energy created beginning with renewable sources, 

which require exhibited stunning growth around the world, 

can once in a while rarely give lightning of interest 

concerning outline of these sources don’t deliver continues 

supply without disturbance for utilization needs. So, the 

growth of these decentralized handling technology more 

considerable system and load solidness Issus. Generally using 

lead acid batteries, for feasibility result. Hence, lead batteries 

can’t withstand secondary cycling rates, or may they store 

more energy in a small volume. That is the reason different 

category about capacity innovations is regularly formed 

moreover completed. This need cause the increase of 

capacity. Correspondingly as a critical component in the 

organization for energy storage with renewable sources, 

allowing energy to be given directly to the grid during the 

peak hours when it is additionally profitable. This paper 

highlights the furthermore review of energy storage 

technologies that are commonly used for power applications, 

containing pumped hydro, compressed-air energy storage 

(CAES), flywheel energy storage (FES), capacitor super 

capacitor, and thermal energy storage systems. The study 

compares the characteristics of these systems, and shoe their 

technological modification status and capital cost.  

Key words: Renewable Sources, General Supply, Grid, Load 

Level, Requisition 

I. INTRODUCTION 

Energy is fundamental and critical component in our modern 

global economy it is used through industries and households 

as some regarding the basic need of life. Today about 87% 

over global energy is supplied through three main sources to 

that amount include oil, coal and natural gas. These fossil 

fuels have limited lifespan and are available only in secure 

regions. About 1.3 billion people among the world 

neverthness work no longer have access according to 

electrical energy today, and greater than 2.6 billion depend on 

ordinary biomass for cooking and heating. Meanwhile global 

energy consumption is projected to increase by using more 

than 56% in 2040. 

As opposed according to fossil fired power plants, 

renewable energy technologies are considered according to 

keep sustainable and environment friendly. Some of these 

sources mainly wind and solar are suddenly rising and are 

becoming greater competitive to those conventional power 

generation technologies. In recent years, various researches 

have introduced the technical possibility about a power 

system this can be powered through renewable energy 

sources. This is expected by 2050.About 80% of total energy 

demand within U.S.A should be supplied through renewable 

technologies. 

Energy storage systems are stated in accordance 

with stay over short, medium to long scale sizing to cope with 

along various purposes within power system. As utilization 

of renewable sources creates problem about fluctuation of 

different power parameters which may also leading to 

damage over equipment other than power to networks and let 

thermal generators to follow scheduled generation to supply 

as much per degenerated loads. Some research because of 

ESS have been pointed out by authors, focusing 

characteristics and function concerning different ESSs 

teachnologies.Their research focused the technologies 

including batteries, pumped hydroelectric, flywheel 

compressed air and super-capacitors. Other authors have 

worked on the modeling and sizing of storage based 

concerning energy requirements for unconstrained electrical 

networks. Technical benefits of ESSs are substantial, even 

though their feasibility at utility scale size depends on 

choosing wise technology then the applications. The aim of 

that research is to come overview on different types of energy 

storage technologies and their sizing techniques that are 

currently being used into power system. This research will 

lead to the choosing and making of an optimized storage 

technology for utility scaled large PV plants. 

II. THE ROLE OF ELECTRICAL ENERGY STORAGE 

TECHNOLOGY 

A. The Roles to the Viewpoint of a Utility 

1) Time Shifting: 

Utilities constantly required to  put together supply power 

capacity and transmission / distribution lines according to 

manage through yearly rising maximum demand, so 

improves generating stations that generate electricity through 

main energy. For different utilities generation cost could be 

decreased through stored electrical energy during off peak 

hours, just like at night, and discharged during peak hours. 

Using storage to reduce the gap between day and night time 

might additionally permit generated output according to make 

smooth, which shows to an improvement in working 

efficiency and cost minimization in fuel. Due to this reason 

large components hold created pumped hydro energy storage 

system, and possess currently initiated installing large energy 

scale batteries at substations. 

2) Power Quality: 

A common situation may remain supplied through power 

utilities are continue to supply power, voltage and frequency 

inside the resilience, they can do through changing supply 

due to changing demand. Frequency is controlled by 

changing the output on power generators, Energy storage may 

supply frequency control functions. Voltage is generally 

changed through tapping of transformers, and reactive power 

including phase modifiers. Energy storage system situated at 

the end of heavily loaded line and also improves voltage 

drops through releasing electrical vitality and decrease 

voltage up gradation through charging electricity. 

3) Making more Efficient use of Network 

In a power network, fulfillment may take place when 

transmission/distribution lines cannot keep strengthened in 

generation to meet increasing power demand. In this case, 

large-scale batteries installed at appropriate substations may 



A Review on Comparative Analysis on Energy Storage Techniques 

 (IJSRD/Vol. 6/Issue 02/2018/128) 

 

 All rights reserved by www.ijsrd.com 451 

mitigate the congestion and therefore help utilities to delay 

and suspend the reinforcement of the network. 

4) Isolated Grids: 

Where a utility company supplies electrical energy inside a 

small, isolated power network, for example on an island, the 

power output from small-capacity generators such as diesel 

and renewable energy need to suit the power demand. By 

installing EES the utility may supply stable power according 

to consumers. 

5) Emergency Power Supply for Protection and Equipment 

Controller: 

A reliable power supply for protection and control is 

completely necessary into power utilities. Numerous batteries 

are utilized as an emergency power supply if there should be 

an occurrence. 

B. The roles from the viewpoint of consumers 

1) Time Shifting/Cost Saving: 

Power utilities may also provide time-changing electricity 

costs, a lower cost at night time and a higher one at the day 

time, to provide consumers an incitement as per smooth 

power load. Customers may decrease their electricity costs by 

utilizing EES to decrease maximum power required from the 

grid during day time and to buy the required electricity during 

off-peak times. 

2) Emergency Power Supply: 

Consumers may also utilize equipment requiring continuity 

of power supply, for example, fire sprinklers and protection 

equipment.EES is periodically installed as an option for 

emergency generators to operate during blackout condition. 

Semiconductor and liquid-crystal makers are significantly 

influenced by even a transient outage (due to lightning) in 

maintaining up the quality of theirs items. For this situation, 

EES technology, for example, large scale batteries, double 

layer capacitors and SMES can be installed to keep away 

from the effects of a transient blackout by directly turning the 

load off the system to the EES supply. A movable battery may 

serve in an emergency supply power to electrical equipment. 

3) Electric Vehicles and Mobile Appliances: 

Electric vehicles (EVs) are being increased for CO2 

minimization. High performance batteries, as like, nickel 

cadmium, nickel metal hydride and lithium particle batteries 

are kept on EVs and utilized as power sources. EV batteries 

are additionally anticipated that would be utilized to power in 

home appliances connected with combination of solar power 

and fuel cells; in the meantime, studies are being directed 

outside to see whether they can usefully associated with 

power systems. These opportunities are frequently shortened 

as much "V2H" (vehicle to home) and "V2G" (vehicle to 

grid). 

C. The roles from the viewpoint of generators of renewable 

energy 

1) Time Shifting: 

Renewable energy sources, like, solar based and wind power 

is subjected to climate, and some surplus power may also be 

directed outside when not required over demand side. Hence 

valuable energy can be effectively utilized through putting 

away surplus power in EES and utilizing it when essential; it 

performs furthermore keep offered when cost is high. 

2) Effective Connection to Grid: 

The output of solar and wind power generators changes 

altogether depending upon the atmosphere and wind speed, 

which can make connecting them to the grid troublesome. 

EES utilized for time changing may this take in that 

fluctuation more prominent cost-effective than other, single-

purpose minimize measures (e.g. a stage shifter). 

III. CLASSIFICATION OF EES SYSTEMS 

A widely-used method for classifying EES systems is the 

determination according to the form of energy used. In    fig.1 

EES systems are classified into mechanical, electrochemical, 

chemical, electrical and thermal energy storage systems. 

A. Pumped Hydroelectric Storage (PHS) 

PHS is an EES technology close by a long history, high 

technical development and widespread power limit with an 

installation capacity of 127– 129 GW in 2012. PHS shows to 

more than 99% with respect to worldwide volume storage 

capacity and contributes as indicated to about 3% of 

worldwide generation. As appeared in fig.2, a common PHS 

plant utilizes two water reservoirs, isolated vertically during 

off-peak electricity demand hours, the water is pumped in the 

higher level reservoir during peak hours, the water execute 

stay discharged back more into the lower level reservoir. 

During process, the water powers turbine units as power the 

electrical machines to produce electricity. The amount of 

energy saved depends upon the including the peak difference 

among the two reservoirs and the total quantity of water 

stored. The rated power of PHS plants depends upon the 

water pressure and stream rate through the turbines and 

generated energy of the pump/turbine and generator/engine 

units. Different PHS plants occupy with control appraisals 

running from 1 MW -300MW with efficiency 70-85% and 

greater 40 year life. 

 
Fig. 1: Classification of Energy Storage System 

 
Fig. 2: Layout of a Pumped Hydro Electric Storage 

The properties about the method on PHS systems 

imply that their applications generally contain energy 

management in the fields of time shifting, frequency control, 
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non-turning reserve and supply reserve. Be that as it may, 

including the limit point concerning of site selection, PHS 

plants presences experience long development period and 

unreasonable capital investment. 

Currently, along the enhance over technology, a few 

PHS plants utilizing overflowed hollow shafts, underground 

caves and seas as reservoirs have been planned or are in under 

development ,, for example, the Okinawa Yanbaru in Japan, 

a 300 MW seawater-based PHS plant in Hawaii, the Summit 

venture in Ohio and the Mount hope project in New Jersey. 

What's more, wind or solar based power generation related 

along PHS is currently being developed. This could help the 

taking with respect to renewable energy source is isolated and 

distributed networks systems. For example, the Ikaria Island 

power station will coordinate a 3900 kW wind farms with 

availability of PHS. 

B. Compressed Air Energy Storage (CAES)                    . 

Besides PHS, CAES is another kind of EES technology 

which can give power output of more than 100 MW with a 

single unit. A schematic diagram of a CAES plant is shown 

in fig.3. 

 
Fig. 3:  Schematic diagram of a CAES 

At a time of low power demand, the surplus electric 

drives a reversible motor/generator unit to run a chain of 

compressors for introducing air into a storage vessel, which 

is either an underground natural hollow or over ground tanks. 

The Energy is saved compressed air is discharged and heated 

by a heat source which could be from the burning of non-

renewable energy source and the heat recovered from the 

compression procedure. The compressed air energy is 

eventually caught through turbines. The waste heat from the 

exhaust can be reused through recuperated unit (fig.3).The 

world's first utility-scale CAES plant, the Huntorf control 

plant, was installed in Germany in 1978. It utilizes two salt 

vaults so the capacity cavers and it keeps running on an 

everyday cycle with 8 h of compressed air charging and 2 h 

of task at an rated power of 290 MW. This plant gives black 

start power to nuclear units; go down as per local power 

systems and more electrical power to fill the hole between the 

power generation and demand. Another commercial CAES 

plant started operation in McIntosh, the US, in 1991. The 110 

MW McIntosh plant can work for up to 26 h at full power. 

The packed air is put away in a salt cavern. A remunerator is 

worked to reuse the exhausted heat energy. This reduces the 

fuel utilization by 22– 25% and enhances the cycle efficiency 

from 42% to 54%, in examination including Huntorf plant. 

These two CAES plants have reliably indicated best 

performance with 91.2– 99.5% beginning and running 

reliabilities.CAES system can be worked to have small to 

large size of capacities. The sensible utilization of large scale 

CAES plants contains grid applications for load shifting, top 

shaving, and frequency and voltage control. CAES execute 

work with irregular renewable power source applications, 

usually into wind power, to smooth the power output, which 

have pulled in numerous considerations beyond education 

researchers and industrial sectors. The major barrier to 

implementing large-scale. 

Recently, the newly rising Advanced Adiabatic 

CAES (AA-CAES) is pulling into consideration. AA-CAES 

technology commonly incorporated with a thermal energy 

storage subsystem, which has no fuel ignition stressed inside 

the development mode. The world's first AA-CAES showing 

plant – ADELE – is in the change organize, at Saxony-Anhalt 

in Germany. The plant will have a storage capacity of 360 

Mwh and an electrical output of 90 MW, going for 70% cycle 

efficiency. Due to its compression mode will be powered by 

wind energy, the ADELE plant transmits no CO2 in a full 

cycle. The US based Light Sail Vitality Ltd. is furthermore 

building up the AA-CAES facilities by utilizing reversible 

reciprocating piston machines. In 2007 Luminant and Shell-

Wind Vitality proposed wind farm projects including CAES 

in Texas, meaning to assess the capability of incorporating 

CAES benefits between join with the wind farm; after quite a 

while, in 2013 the project got in progress and facilitating 317 

MW of CAES has been leave to be specific the present target. 

Likewise, an assessment among various adiabatic CAES 

plant designs was recently published. CAES used for both 

electrical energy and natural gas so its efficiency is difficult 

to impersonation of quantity. It is evaluated that the 

efficiency depends upon the compression and expansion 

cycle with in the region from 50 MW-300 MW.CAES utilizes 

both electrical energy and natural gas so its efficiency is 

hardly to impersonation of quantity. It is predicted that the 

efficiency of the cycle based upon the compression and 

expansion cycle with in the region of 68% to 75%.Generally 

plant capacity for CAES are in the region of 50 MW-300MW. 

C. Flywheel Energy Storage (FES) 

A latest FES system is aggregated concerning five 

fundamental parts: a flywheel, bearings group, a reversible 

electrical motor/generator, a power electronic unit and a 

vacuum chamber. Fig.4 shows the improved state of a latest 

FES facility. FES systems utilize electricity to accelerate or 

decelerate the flywheel, that is, the energy stored is 

exchanged to or from the flywheel through a coordinated 

motor/generator. FES can be characterized into two groups: 

(1) low speed FES: it utilizes steel as the flywheel material 

and rotated below 6000 rpm; (2) high speed FES: it utilizes 

propelled composite materials for the fly-wheel, for example, 

carbon-fiber, which can keep running up to 105 rpm. Low 

speed FES system is generally utilized for short term and 

medium/high power applications. High speed system utilizes 

non-contact magnetic bearing in impersonation to decrease 

the wear over bearings, consequently enhancing the 

efficiency. 
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Fig. 4: Flywheel Energy Storage System 

The application areas of high speed FES are 

continousely increasing, usually in high power quality and 

ride-through power benefit in traction and the aerospace 

industry. The specific energy of low speed flywheels is 5 W 

h/kg, and the high speed various rotor can accomplish 

specific energy up to 100 W h/kg. The cost of rapid speed 

multiple system can be considerably higher than that of 

conventional metal flywheel systems. A progress in FES 

technology is the High Temperature Superconductor (HTS) 

bearing which is a promising alternative for improving 

bearing performance. The US Argonne National Laboratory 

raised a 2 kW h FES system utilizing high-temperature 

superconductors and permanent magnets as like non-resistive 

bearing for an attainability study. A model-based power flow 

control technique has been considered for enhancing flywheel 

performance in high power pulse systems. The track 

fascination industry has inspected FES devices for trackside 

voltage support. Enhancing flywheels for moderately term 

operation up to a few hours are being examined by using of 

vehicle and power plants. 

D. Battery Energy Storage (BES) 

There are two important types of large‐ scale BES. These are 

1) Lead‐ Acid (LA) 

2) Nickel‐ Cadmium (NiCd) 

These work similarly as ordinary batteries, except 

on a large scale i.e. two electrodes are dip into an electrolyte, 

which permits a chemical reaction occur so current can be 

delivered when required. 

1) Lead Acid (LA) battery: 

This is the most successive energy storage system. Its 

prosperity is because of its development (explore has been 

progressing for an expected 140 years), generally minimal 

cost, long lifespan, quick response, and low self‐  discharge 

rate. These batteries are may stand utilized for both short‐
term applications (seconds) and long‐ term applications (up 

to 8 hours). 

There are two types of lead‐ acid (LA) batteries; 

overflowed lead‐ acid (FLA) and valve‐ regulated lead‐
acid (VRLA). FLA batteries are comprised of two electrodes 

that are built utilizing lead plates which are dipped in a 

mixture of water (65%) and sulphuric corrosive (35%), see 

Figure 5. VRLA batteries have a same operating principle as 

like FLA batteries, however they are sealed together with a 

pressure‐ regulating valve. This wipes out air from entering 

the cells and furthermore preventing venting concerning the 

hydrogen. VRLA batteries have low maintenance costs, 

consider less and involve less space. Hence it advantages are, 

it preferences are related along higher initial costs and shorter 

lifetime. LA batteries can react within milliseconds at entire 

power. The normal DC‐ DC efficiency of a LA battery is 

75% to 85% at a time of operation, with duration approx. 5 

years or 250‐ 1,000 charge/discharge cycles, depends upon 

the depth  of discharge. 

 
Fig. 5: Lead‐ Acid Battery 

2) Nickel Cadmium (NiCd) battery: 

A NiCd battery is comprised of a positive with nickel ox 

hydroxide as the active material and a negative terminal 

comprised of metallic cadmium. These are isolated by a nylon 

divider, see Figure 6. The electrolyte, which experiences no 

incredible adjustment during changes operation, is fluid 

potassium hydroxide. During discharge, the nickel ox 

hydroxide together with water and produces nickel hydroxide 

and a hydroxide ion. Cadmium hydroxide is produced at the 

negative electrode. To charge the battery the procedure can 

be reversed. Hence, for the time of charging, oxygen can be 

delivered at the positive electrode and hydrogen can be 

developed at the negative electrode. There are two NiCd 

battery designs: vented and fixed. Fixed NiCd batteries are 

the normal, regular rechargeable batteries utilized as a part of 

a remote control, light and so on. No gases are discharged 

from these batteries, unless a fault occurs. The DC‐ DC 

efficiency of a NiCd battery is 60%‐ 70% during typical 

operation in spite of the fact that the lifetime of these batteries 

is moderately high at 10 to 15 years, dependent upon the 

application. 

 
Fig. 6: Ni-Cd Battery 

E. Flow Battery Energy Storage (FBES) 

There are three primary types of FBES: 

1) Vanadium Redox (VR) 

2) Polysulphide Bromide (PSB) 

3) Zinc Bromine (ZnBr) 
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1) Vanadium Redox (VR) Flow Battery: 

A VR battery is comprised of a cell stack electrolyte tank 

system; power system and a PCS (see Figure 7). These 

batteries store energy through interconnecting two types of 

vanadium ions in a sulphuric acid electrolyte at every 

electrode; with V2+/V3+ in the negative electrode, and 

V4+/V5+ in the positive electrode. The shape of the cell stack 

calculates the power capacity (kW) though the volume of 

electrolyte (size of tanks) shows the energy capacity (kWh) 

of the battery. 

As the battery discharge, the two electrolytes move 

from their different tanks to the cell stack where H+ ions are 

passed between the two electrolytes through the porous layer. 

This technique actuates self‐  partition inside the solution 

hence changing the ionic type of the vanadium as much the 

potential energy is converted to electrical energy. At a time 

of recharge this procedure is reversed. VR batteries work at 

normal temperature with an efficiency as high as 85%. As a 

similar chemical reactions produce for charging and 

discharging, the charge/discharge ratio is 1:1. The VR battery 

has a fast response, close to charge to discharge in 0.001 s and 

furthermore a high over-load capacity with some asserting it 

can reach twice its rated capacity with  a few minutes [2]. VR 

batteries can work for 10,000 cycles giving them an expected 

lifetime of 7‐ 15 years depending upon the application. 

 
Fig. 7: Vanadium Redox Flow Battery Storage System 

2) Polysulphide Bromide (PSB) Flow Battery: 

PSB batteries work correspondingly to VR batteries. The unit 

is taken up about similar parts; a cell stack, electrolyte tank 

system, control system and a PCS (see Figure 8). The 

electrolytes utilized as a part of PSB flow batteries are sodium 

bromide as much the positive electrolyte, and sodium 

polysulphide as the negative electrolyte. At a time of 

discharge, the two electrolytes spill out of their tanks to the 

cell where the reaction occur at a polymer film that permits 

sodium ions as indicated by skip through. As VR batteries, 

self‐ separation occur at the time of discharge procedure and 

as much previously, as per energize the battery this technique 

is absolutely reversed. The voltage over every cell is 

approx.1.5 V. 

PSB batteries work between 20°C and 40°C; hence 

a large scale can be utilized if a plate cooler is utilized inside 

the system. The efficiency of PSB flow batteries 

approximates 75%. As along VR batteries, the discharging 

ratio is 1:1,due to equal chemical reaction occur at the time 

of charging and discharging. The presence delay is assessed 

at 2,000 cycles however when , it is totally needy over the 

application. As including VR batteries the power and energy 

capacity are decoupled of PSB batteries. 

 
Fig. 8: Polysulphide Bromide Flow Battery (PSEB) 

3) Zinc Bromine (ZnBr) Flow Battery: 

These flow batteries are marginally unique to VR and PSB 

flow batteries. Despite of the fact that they contain similar 

components: a cell stack, electrolytic tank system, control 

system, and a PCS (see Figure 9) they don't work similarly. 

At the time of charging the electrolytes of zinc and bromine 

ions (that only differ in their grouping of essential bromine) 

flow to the cell stack. The electrolytes are isolated by methods 

for a small scale permeable film.  Unlike VR and PSB flow 

batteries, the electrodes in a ZnBr flow battery fill in as 

substrates to the reaction. As the reaction happens, zinc is 

electroplated on the negative terminal and bromine is 

available at the positive terminal, which is to some degree like 

conventional battery operation. A specialist is added to the 

electrolyte to decrease the reactivity of the essential bromine. 

This decreases the self‐ discharge of the bromine and 

enhances the security of the whole system. At the time of 

discharge the reaction get reversed; zinc breaks up from the 

negative terminal and bromide is shaped at the positive 

anode. ZnBr batteries can work in a temperature range 

between the 20°C to 50°C. 

The film however, experiences from small 

generation at some point of operation, giving the system a 

cycle lifetime approximately 2,000 cycles. The ZnBr battery 

can be 100% discharged with no dangerous outcomes. The 

efficiency of the system is around 75% or 80%. Again and 

again, namely the similar reaction happens throughout 

charging and discharging, the charging/discharging ratio is 

1:1; however a slower rate is regularly used to build 

efficiency. At last, the ZnBr flow battery has the higher 

energy density of all the flow batteries, together with a cell 

voltage of 1.8V. 

 
Fig. 9: Zinc‐ Bromine Battery 

F. Super capacitor Energy Storage (SCES) 

Super capacitors, also known as electric double layer 

capacitors or ultra-capacitors, contain two channel terminals, 
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an electrolyte and a permeable film separator. Because of 

their structures, super capacitors can have both the attributes 

of conventional capacitors and electrochemical batteries. The 

energy is stored in form of static charge on the surfaces 

between the electrolyte and the two conductor anodes. The 

super capacitors along high performance on Nano materials 

to expand anode surface area for improving the capacitance. 

Capacitors comprise of two parallel plates so much are 

isolated by a dielectric insulator, see (Figure 10). The plates 

contain opposite charges which induced an electric field, in 

which energy 

Ec = 1/2CV
2 

Where E is the energy can be stored. The energy 

inside a capacitor is given by stored inside the capacitance (in 

Joules), V is the voltage connected, and C is the capacitance. 

Along these lines, to build the energy is stored inside a 

capacitor, the voltage and capacitance must be rising. The 

voltage is restricted by method for the maximum electric field 

strength (after this the dielectric separates and begins 

leading), and the capacitance depends upon the dielectric 

steady of the material utilized. 

Super capacitors are made by method for the use of 

thin film polymers for the dielectric layer and carbon 

nanotube electrodes. They make utilize polarized liquid 

layers between leading ionic electrolyte and a directing anode 

to build the capacitance. They may remain associated in 

arrangement or in parallel. SCES systems normally have 

energy densities of 20 MJ/m3 to 70 MJ/m3, with a efficiency 

of 95%. 

 
Fig. 10: Super capacitor Energy Storage device 

G. Superconducting Magnetic Energy Storage (SMES) 

A SMES device is comprised of a superconducting coil, a 

power molding system, a refrigerator and a vacuum to keep 

the coil at lower temperature. Energy is stored in the magnetic 

field made by the flow of direct current in the coil wire. 

Generally, when current is gone through a wire, energy is 

released as heat due to protection of the wire. In any case, if 

the wire utilized is taken from a superconducting material, for 

example, lead, mercury or vanadium, zero protection occurs, 

therefore energy can be stored practically no losses occur. 

With a specific end goal to accomplish this superconducting 

state in a material, it must be kept at a low temperature. There 

are two types of superconductors; low‐ temperature 

superconductors that must be cooled from 0 K to 7.2 K and 

high‐ temperature superconductors that have a temperature 

range of 10 K to 150 K, however are normally into 100±10K 

region. The energy is stored inside the coil (in Joules), EC, 

can be obtain from 

EL=1/2LI
2 

Where L is the inductance of the coil, and I is the 

current going through it. In this manner, material properties 

are extremely essential as temperature, magnetic field, and 

current density are critical factors in the plan of SMES. 

The overall efficiency of SMES is in the region of 

90% [to 99%. SMES has quick discharge times and just for 

short period of time, mainly taking less than one minute for a 

complete discharge. Discharging is conceivable in 

milliseconds on the off chance that it is economical to have a 

PCS that is capable for supporting this. Storage capacities 

with respect to SMES can be anything up to 2 MW, while its 

cycling capacity is its primary fascination. SMES devices can 

keep running for a great many charge/discharge cycles with 

no change to the magnet, giving it an existence of 20+ years. 

H. Solar Fuels 

Solar fuel is a very new technology as indicated by EES. 

Ways to deal with deliver sunlight based energizes include: 

(1) natural photosynthesis; (2) artificial photosynthesis; (3) 

thermochemical approaches. An amount of fuels can be 

created through solar powered energy, for example, sunlight 

based hydrogen, carbon-based powers, and solar chemical 

heat pipe. These fuels may store and in this manner give the 

establishment due to later power generation. 

For the initial two techniques to produce solar fuels, 

sun based sin chemical bonds, i.e., the sunlight are utilized to 

change over water and additionally carbon dioxide into 

oxygen and other materials.Fig.12 demonstrates an 

assessment on regular and manufactured photosynthesis. The 

simulated system since water-splitting by and large depends 

on rare elements,e.g., Ruthenium (Ru), Palladium (Pd) and 

Rhenium(Re).For illustration, daylight can be caught by 

Ruthenium (Ru) as like an impetus, or electrons moves from 

the donor(marked as "D") to the accept (Fig.11)Solar based 

fuel technology is right now at the development stage. The 

power rating of sunlight based fuels is conceivably up to 20 

MW and the particular energy is approx. from 800 W h/kg to 

100,000 W h/kg. The capacity time can run from a couple of 

hours to a while. One disadvantages and artificial 

photosynthesis is that the water splitting normally. 

Another drawback is that solar powered facilities 

require an wide area to put devices to focus sunlight, 

particularly when utilizing the thermochemical technique to 

acquire sunlight based energizes. Research among sun 

powered energizes has nowadays experienced significant 

advances, making it practical on account of it to wind up 

minimal effort for utility EES applications soon. There are 

on-going examination extends in the U.S., the Netherlands, 

South Korea, Singapore, Japan and China. In the US, there 

are different organizations concentrating on that region, for 

example, Energy Development Center point at DoE, the MIT 

turn out Sun  Catalytic and Princeton University turn out 

Fluid Light. The ''Towards Bio Sun oriented Cells'' research 

about program has focused on rising the photosynthetic 

efficiency and creating sunlight based collectors. Concerning 

the issue of the dependence on uncommon and costly 

components, one essential advance forward into the 

changeover utilizing earth-bounteous, very low-valued 

catalysts (e.g. cobalt and phosphate) and silicon-based 

semiconductors due to the water-splitting procedure has been 

right now proposed by the Nocera's group from MIT. Asia's 
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pioneering solar powered fuel lab at Nan yang Technological 

University of Singapore has also required effort on the 

examination of reasonable strategies to take out required 

amount of hydrogen from water utilizing sunlight for 

designing applications. 

 
Fig. 11: Comparison of Artificial and Natural 

Photosynthesis 

Another disadvantage is that solar fuel facilities 

need a large area to place devices to concentrate sunlight, 

especially when using the thermochemical method to obtain 

solar fuels. Research among solar fuels has these days 

undergone substantial advances, making it feasible because 

of it to become low cost for utility EES applications in the 

near future. There are on-going research projects in the U.S., 

the Netherlands, South Korea, Singapore, Japan and China. 

In the US, there are various companies focusing on that area, 

such as Energy Innovation Hub at DoE, the MIT spin-out Sun 

Catalytic and the Princeton University spin-out Liquid Light. 

The ‘‘Towards Bio Solar Cells’’ research programme has 

targeted on rising the photosynthetic efficiency and 

developing solar collectors. Concerning the problem of the 

reliance on rare and expensive elements, one necessary step 

forward into the improvement over using earth-abundant, 

highly low-priced catalysts (e.g. cobalt and phosphate) and 

silicon-based semiconductors because of the water-splitting 

technique has been currently suggested by the Nocera’s group 

from MIT. Asia’s pioneering solar fuel research laboratory at 

Nan yang Technological University of Singapore has 

additionally taken effort on the investigation of affordable 

methods to eliminate significant amounts of hydrogen from 

water using sunlight for engineering applications. 

I. Hydrogen storage and fuel cell 

Hydrogen Energy Storage System utilizes two separate 

procedures for saving energy and generating energy. The 

utilization of a water electrolysis unit is a typical method to 

deliver hydrogen which can be put away in high pressure 

vessel or potentially transmitted by pipelines for some time 

later. When utilizing the put away hydrogen for power 

generation, the energy unit (otherwise called regenerative 

power module) is taken, which is the essential innovation in 

hydrogen EES. Power modules can change over particular 

energy into hydrogen (or hydro-gen-rich fuel) and oxygen 

(from air) into power. The general response is: 2H2 + O2? 

2H2O + energy. Electrical and heat energy are discharged at 

the time the procedure (Fig.12). Dependent upon the decision 

of fuel and electrolyte, there are six major groups of fuels, 

that is: Alkaline Fuel Cell (AFC), Phosphoric Acid Fuel Cell 

(PAFC), Solid Oxide Fuel Cell (SOFC), molten Carbonate 

Fuel Cell (MCFC), Proton Exchange Membrane Fuel 

Cell(PEMFC) and Direct Methanol Fuel Cell(DMFC). 

 
Fig. 12: Topology of Hydrogen Storage and Fuel Cell 

Recently, hydrogen EES including fuel cell 

technology is in the improvement and demonstration stage. 

Continues power applications are generally develop. In 2012 

approx. 80% of total interest in the worldwide energy 

component industry was made by the U.S. organizations. 

Value decrease and durability change are necessary to 

eliminate this technology in large scale EES applications. 

Some research or project exhibition are set up and developing 

all throughout the world. The world's first utility-scale trial of 

a stand-alone renewable energy source system joined with 

hydrogen storage and fuel cells was installed in Norway, 

which provided energy of required quality and high 

reliability. One of the world's biggest biogas energy 

component power plants was built up in 2012 in California 

(2.8 MW), which changes over biogas into power and usable 

good quality of heat. In 2013, the US Maritime Air War-

passage Center Weapons Division in California effectively 

tried a novel 5 kW trailer-mounted regenerative energy unit 

system to utilize sun energy to deliver hydrogen with power 

devices. Since 2013, Mc Phy and Enertrag AG in Germany 

have worked together to create economic wind hydrogen 

solutions for EES and for transportation energy component 

applications. Right now, the developing hydrogen storage and 

fuel cell relevant activities incorporate IdeaHly (the 

Netherlands), RE4CELL (Spain), Sapphire (Norway), 

Shrewd Feline (France), and so forth. 

J. Thermal Energy Storage (TES) 

This system usually contains a storage medium 

reservoir/tank. Heat energy storage system depends on 

working temperature, This system is classified into two 

groups: low-temperature TES (comprising of mineral low-

temperature TES and cryogenic energy storage) and high-

temperature TES (including latent heat of fusion, sensible 

heat TES and economic thermal storage).Low-temperature 

TES for the most part utilize water cooled/iced and heating 

procedures, which is more reasonable for diminishing 

electrical power utilization at the time of the maximum 

demand on power utility and modern cooling loads. 

Cryogenic energy storage utilizes a cryogen (that is fluid 

nitrogen or fluid air) to get the electrical and heat energy 

changes. For example, liquid energy storage (LAES) is high 

due to high multiplication ratio from the liquid state to the 

gaseous state and the high power density of liquid compared 

with the gaseous state. Latent heat TES take phase Change 

Materials (PCMs) as the storage media and utilizations the 

energy taking up or end in liquid solid transition of these 

PCMs at consistent temperature. Concrete thermal energy 

storage contains cement or cast capable ceramics e to store 
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heat energy, ordinarily hold up by synthetic oil as a heat 

exchange liquid. The above TES technologies have distinct 

properties with different applications. As like, latent heat 

storage can introduced a high storage density with a small 

dimension reservoir, so the utilization of this technology in 

building taking consideration. Notwithstanding, cryogenic 

energy storage is depend upon to be utilized for future grid 

power management. 

The TES system can store large amounts of energy 

without any dangerous risks and its day by day self-discharge 

loss is small ( 0.05– 1%); the supply offers maximum energy 

density and specific energy (80– 500 W h/L, 80– 250 W h/kg) 

and the system is  economically considerable with generally 

low capital cost (3– 60 $/kW h). In any case, the cycle 

efficiency of TES systems is generally low(30– 60%). TES 

has been utilized as a large spectrum of application, for 

example, load shifting and power generation for heat engine 

cycles. With specific focus on utilizing TES for power system 

and grid applications, there are numerous active research 

projects worldwide and, additionally, various projects are 

worked, under development or planned. The UK based 

organization High view Power Storage planned and gathered 

a pilot LAES facility (300 kW/2.5 MW h stockpiling limits) 

which has been in activity at Scottish and Southern energy 80 

MW biomass plant since 2010. In February 2014, this firm 

has been granted £8 million financing from the UK 

government for a 5 MW/15 MW h showing LAES project; 

the planned LAES system will be as one land-fill gas 

generation plant in the UK. A TES system in an facility 

building was worked by a joint U.S. also, China show project 

in Beijing, which can diminish large electric energy 

utilization of 6100 kW h for each month. A new central 

energy plant including an ice-based TES system is being 

worked in South Florida. The totally constructed plant will 

have an total capacity of 11,500 tons of chilled water with 

68,000 ton-hour of TES. A 15 MW commercial power plant, 

named ''Sun based Tres Power Tower'', is being worked in 

Spain by Torresol Energy, and it utilizes liquid salt as the 

working liquid to store heat energy. A wind power generation 

system joined with a sensible heat storeroom had been 

proposed (Fig.13). A UKERC supported task, ''the future part 

of TES in the UK energy system'', has found the potential for, 

and constraints of, the part of TES in the change to a 

manageable low carbon energy supply system; the project has 

likewise study the reasonableness of TES in overseeing 

energy generation and circulation systems with large scale 

penetration. 

 
Fig. 13: A sensible heat storage system for wind power 

generation 

IV. FUTURE SCOPES 

Technology offers flexibility, value in today’s energy market. 

Energy storage delivers advantages to the power grid and our 

customers. Projects require little land, provide many benefits. 

Interest in battery energy storage is growing. Costs are 

expected to decline. Energy storage is safe and reliable. 

V. CONCLUSION 

Energy storage is the most favorable technology currently 

available to meet the increasing demand for energy. Energy 

storage is critical when looking at higher penetration rates of 

renewable energy. Storage can help to improve quality of 

utilities and reduce cost. Many technologies are available-

limited number on economic scale .Pumped Hydro, Thermal 

Storage and Lead Acid batteries have been used for grid 

support and back up applications. The storage technology is 

coupled to the application. 
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