[bookmark: _Hlk89538627]Energy Storage Systems

Pankaj Kumar Dubey, Bindeshwar Singh, and Varun Kumar
Kamla Nehru Institute of Technology, Sultanpur-228118 (U.P.), India
Email: pankajdubeysangamboy@gmail.com, bindeshwar.singh2025@gmail.com, and  varoon2008@gmail.com
ABSTRACTS
Energy usage is exactly proportional to population growth in the current environment. As a result, demand for power rises in tandem with population growth. However, daily and seasonal variations in electricity demand exist. So, we'll talk about energy storage systems for balancing generation and demand in this article. 
Because of growing concerns about rising energy prices, most renewable energy sources are being combined into the power grid as distributed energy resources (DER). This increase in DER penetration raises concerns about load stability and matching and reliability and power quality. The electric grid must be able to encounter customer demand. The energy storage system (ESS) can boost efficiency and reliability while also giving the PV system more power control options. 
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1. INTRODUCTION
As we all know, there are various types of distribution generations, which can include a wide range of electrical sources such as renewable, non-renewable, solar, wind, and other sources. However, there are many issues about energy usage after generating power, such as voltage fluctuations, reliability, harmonics, and so on. We can alleviate these issues to a considerable extent with the help of an energy storage system. Here, we'll look into ESS, their several varieties, and the current state of the power grid. In the power system, ESS is crucial for maintaining stable output. We'd like to reanalyze it after looking at the benefits and see if there's anything new, we can learn. ESS can be employed in PV inverter control techniques. Engineers can use it to optimize power systems. Modeling storage systems, including small and large-scale ESSs based on various uses, will be discussed in this article. 
1.1. ENERGY STORAGE SYSTEMS
The term "energy storage system" is used to characterize their work. It refers to the safe, efficient, and convenient capture and storage of numerous sources of energy. To put it another way, it is a collection of devices that transfer electrical energy from power systems and store it for later use. The output and energy storage device density can be accustomed to determine their performance. In most cases, energy is stored in DC form and then transformed to ac form using inverters. ESSs are powertrain components that can store chemical and mechanical energy and then be recharged multiple times.
 In general, the ESS operation is divided into the following categories:
· The period of charging: Throughout non-peak hours, when a source of electricity is accessible at reduced prices, this procedure is used with network electrical energy. 

· The period of discharging: Throughout peak hours, an ESS's deposited energy is utilized. It must be recorded that the net price of electricity is higher at this time, building the use of DGs more money-making. As a consequence, the utilization of an ESS system is mainly clarified by the need to reduce or even disregard the risks related to renewable DG. 
A variety of ESSs can be given in terms of technology, demand, adequacy, location, and investment prices. 
1.1.1 ISSUES OF INTERCONNECTION
DG-based power systems can be operated in both independent and grid-connected modes, in general. In the first mode, the volume of a DG unit is exclusively dictated by the load requirements. This constraint, on the other hand, has no bearing in the second case. Although the operation of grid-connected systems is normally favoured due to mutual transfers of energy, the islanding condition is a major worry that must be taken into account. 
Isolating one or more plants of power (DGs) from the national grid of power allows them to produce a part of the electric circuit autonomously and in answer to failures in the chief portion of the network. Functioning in an islanding mode is unwanted since it can outcome in problems such as protection hazards for care and reparation personnel and apparatus harm owing to voltage and instability of frequency. 
· Stability: The DG's connection to the grid contains an influence on the grid's voltage, angle of the rotor, and stability of frequency. DG advances or degrades the system's stability depending on the kind and size of the generators.

· Power quality: With the rising usage of power electronic gadgets, grid power quality has recently become a problem. Power electronic circuits connect the majority of circulated generators to the grid. The usage of these power electronic connections exacerbates the current quality of power issue. 
· Fluctuations of voltages: Certain DG pieces of knowledge, for example, wind turbines and photovoltaic power plants, inject variable power. As a result, the voltage fluctuates locally. 
The units of DG that can be linked to the system are limited. This limit is calculated by the size and kind of system. Provided reactive power must meet the reactive power claim to keep the system's voltage level within the permitted area. By connecting more DGs, the reactive power supplied can be increased, resulting in a huge rise in the voltage level of the system. Fig.1 shows a general overview of ESS, with systems grouped according to their uses. 
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Fig.1: General Overview of storage system
1.1.2 OPERATION MODE
The modes which are given below, each independent of the others and not essentially multifunctional, can be used with ESS placed on the side of modern energy power generating. 
· Power variation rate limitation. Using the real-time measurement of a wind power plant's output power, the power dissimilarity amount is restricted to a specific area. When the wind power plant's output power rises abruptly, the ESS begins to charge; when the output power cheap sharply, the ESS begins to discharge. This seeks to meet the grid's needs for a specific power fluctuation rate. The ESS should be located near the wind power plant in this mode.
 
· Support for grid power variations. To make extra grid adjustments, the ESS is utilized for charging and discharging power according to the grid's dispatch orders. The ESS does not have a goal a specific wind power plant in this style. As a result, the ESS does not need to be built close to the wind power plant. 

· Regulation of voltage. The ESS regulates transmission voltage by absorbing or releasing reactive power as needed in real-time.

· Regulation of frequency. The ESS can charge or discharge power conferring to the indication got every time. The ESS can function in this mode for a long peri at a fixed condition of charge value. 
· Cheap-voltage ride-through. The ESS is involved in cheap-voltage ride-through power electronic equipment. Power electronic apparatus is installed in the majority of wind power installations. As a result, there is no need for additional assistance. 

1.1.3 TECHNOLOGICAL CHALLENGES

· The public's interest in and care for the progress of the ESS. 
· Incentives for investment and growth in the ESS. 
· Working flexibility and safety. 
· The price of electricity delivery should continue to fall. 
· ESS is also reliant on power electronics-based integrating systems. 
· The progress of international ethics for ESS choice and deployment is now underway. 
· Markets with an unstable grid and unwell arranged markets 
· To assure the project’s long-term viability and access to component materials. 
· The fitting necessitates infrastructure and upkeep.
 
1.1.4 ADVANTAGES OF ENERGY STORAGE SYSTEMS

· Increase the market value of distributed generation sources by improving power quality and delivering power reliably. 
· Enhance the accessibility of distributed generations 
· Electricity customers that install ESS in their homes save money by balancing energy generation and demand. The grid's productivity is upgraded by advancing the adequacy factor of the existing sources. 

1.1.5 DISADVANTAGES OF ENERGY STORAGE SYSTEMS

· A battery management system is required. 
· Round trips waste energy. inefficiencies 
· Added expense and complexity 
· Installing it necessitates a certain amount of space. 
· Due to the risk of an explosion, there are safety concerns. 

1.1.6 ENVIRONMENTAL IMPACT OF ENERGY STORAGE SYSTEM
Energy demand rises in unison with population growth and industrial expansion, as we all know. The rising demand causes environmental problems such as air and water pollution, which has poor health implications. In energy storage devices, batteries are regarded to be a good way to store energy. Batteries are made up of a large number of different components, including metals and non-metals. The extensive usage of batteries is a major source of pollution. Batteries can produce considerable amounts of pollutants during production and recycling, including hazardous trash, noxious gases, and chemicals in the water. Other storage methods, including hydro and compressed air storage, are less likely to contaminate the environment than batteries. These should be encouraged because of their cheap environmental impact. The temperature might be an issue in a thermal storage system. 
2. ENERGY STORAGE SYSTEMS CLASSIFICATION 
ESS used in the industrial sector are:
· Mechanical energy storage
· Electromagnetic energy storage
· Electrochemical energy storage
· Chemical energy storage
· Thermal energy storage
· Biological energy storage

2.1 MECHANICAL ENERGY STORAGE
Using pumped-storage methods, energy can be deposited in water that has been pushed to a higher elevation or in solid stuff that has been transferred to higher elevations (gravity batteries). Compressing the air and using flywheels to transform the energy offer electrical into interior energy or dynamic energy and back again when the demand of electrical peaks are two more practical mechanical approaches. 
2.1.1 PUMPED HYDROELECTRIC STORAGE 
Pumped hydro-type storage is one of the most extensively used energy storage systems in the biosphere, and it is a theoretically reasonable technique for packing significant amounts of energy for an extended per. In contrast to a traditional hydropower plant, this storage method works in the opposite direction. Pumped hydro storage systems are categorized as underground or upper-ground depending on where they are built (conventional). A classic pure PHS system has two reservoirs at diverse raises: an upper storage reservoir that supplies head to the hydropower turbine, and a cheaper storage reservoir that collects water and returns it to the top reservoir during off-peak hours using surplus electricity. Throughout the highest hours, the liquid is permissible to drift from the upper reservoir to the cheaper reservoir, driving a turbine with the alternator and therefore producing electrical energy, whereas, in the pump back PHS arrangement, only one reservoir is employed.
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Fig.2: Pumped hydroelectric storage system block diagram
2.1.2 ADVANTAGES

· This technology can offer reliable power in a matter of minutes. 
· This storage method has high efficiency of 70-85 percent. 
· PHS is extremely dependable and adaptable, and it can be utilized for power control as well as stabilization of frequency. 
· It can store a large amount of energy and has a virtually limitless installation cycle. 
· This system has a long life, minimal operation and maintenance prices, and very sluggish ejection rates (from rare hours to rare).
 
2.1.3 COMPRESSED AIR
Air compression and subterranean cavern storage are the two main components of this technology. Because it uses combustion in a gas turbine, it is classified as a hybrid generation/storage system. Heat is produced when air is compressed; if this hotness is not deposited, compressed air must be rewarmed and exploded before being expanded in a turbine that is linked to a generator. To avoid turbine blades from cooling and bristling, some extra energy is invested in preheating stored air (through a recuperator), which improves combustion efficiency and hence increases the CAES plant's efficiency. Diabetic CAES is the name for this procedure. It's crucial to realize day that if the heat produced isn't stored, it will be considered a waste. As a result, a sophisticated adiabatic compressed energy storage system is employed, with the hotness generated throughout firmness moved to further heat storage. 
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Fig.3: Compressed Air Energy Storage 
2.1.4 COMPRESSED AIR STORAGE’S ADVANTAGES

· CAES enhances the efficiency and speed of a gas turbine plant's start-up. 
· This technology can store a significant amount of energy. 
· It has lightning-quick response times. 

2.1.5 FLYWHEEL ENERGY STORAGE
Electric energy is deposited as kinetic energy in flywheel energy storage systems (FESS). The motion of a spinning object is known as a rotor, and kinetic energy is characterized as "motion energy." In a near-frictionless environment, the rotor rotates. The inertia of the rotor permits it to remain to spin and convert kinetic energy into electricity when utility power changes or goes out. A huge turning roll (a rim attached to a shaft) is whispered on a stator – the fixed component of an electrical alternator– by magnetically levitated bearings in most recent high-speed flywheel energy storage devices. The flywheel system is run in a blankness to reduce strain and preserve proficiency. The flywheel is attached to a motor alternator that utilizes current power electronics to interface with the utility grid. 
A flywheel is a high-speed spinning disc with a particular mass. 
Flywheels require little maintenance and have a long lifespan. When flywheels are in use, no greenhouse gases or harmful materials are produced, making them very environmentally beneficial. The response time is quite quick. The disadvantages of flywheels are their cheap adequacy and substantial power loss, which can range from 3% to 20% per hour.
The formula of energy storage
Moment of inertia (J) = 
Angular velocity,  
Deposited rotational energy,    

2.2 ELECTROMAGNETIC ENERGY STORAGE
Magnetic energy can be deposited in a variety of ways, including as an electrical arena or a magnetic arena engendered by a flow of charge rate carrying coil. Two technologies that can stock electrical energy directly, are electrical double-layer capacitors (EDLCs) and superconducting magnetic energy storage (SMEs). An EDLC captures energy in an electric arena between two charged electrodes parted by an electrically insulating material, whereas a SMES captures energy in a magnetic arena created by current flowing through a superconducting wire. Both of these storage devices have high power compactness, small energy compactness, high productivity, and little or no deprivation after repeated charging and discharging rounds. 
2.2.1 SUPERCONDUCTING MAGNETIC STORAGE
In superconducting magnetic energy storage (SMES) devices, energy is deposited in a magnetic arena formed by the flow of DC via a superconducting coil. Their key benefit over other forms of energy storage is their fast response time and adequacy to produce significant power for a quick peri. Because they can be turned on with nearly no delay, SM systems can offset rapid swings in mandates for implementations. Disturbances of any kind are not cheap. They have high round-trip productivity, even when cooling losses are taken into account (see below): 95 percent or more for the superconducting coil itself, demerit a limited percent lost in the power electronics converter. Because of this, SME systems have a benefit in implementations with a high number of charge/discharge rounds.
A current-carrying coil's stored energy (E) is: 

where L is the coil's inductance, and I denote the current (the flow of charge rate). This is true for every coil, but only superconducting coils can endure currents high enough to deliver practical energy storage adequacy.
Now consider a cylindrical coil with rectangular cross-section conductors. R is the coil's mean radius, and a and b are the conductor's breadth and depth. f stands for form function, and it is dissimilar for dissimilar coil shapes. (xi) and (delta) are two parameters that describe the dimensions of coils. As a result, we can write the magnetic energy contained in a cylinder-shaped coil like the one depicted below. Coil dimensions, the number of turns, and carrying current all influence his energy. 

{\displaystyle E=RN^{2}I^{2}f(\xi ,\delta )/2}Where E = energy computed in joules
            I = current computed in amperes
            F (ξ, δ) = form function, joules per ampere-meter
            N = the number of turns of the coil
A SMES coil must be cooled below the superconducting material's "crucial temperature" (Tc). Depending on the substance, the crucial temperature varies. Cheap-temperature superconductors (LTSCs) are basic metals or alloys having serious temperatures of less than 20 K (–253°C). High-temperature superconductors are complex ceramics with crucial temperatures up to 133 K (–140°C) (HTS). The current (I) is restricted by the crucial current compactness (J C) of the superconducting material: if the current overdoes this crucial level, the material will rudely or steadily exit its superconducting state, depending on the material nature. Recent ceramic superconductors are premeditated to yield greater crucial current thicknesses by creating inhomogeneities in the material, permitting for currents high sufficient for practical SMES devices to be continued.
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Fig.4:  Superconducting Magnetic Storage
2.3 ELECTROCHEMICAL ENERGY STORAGE
Fuel cells, batteries, and electrochemical capacitors are examples of electrochemical energy storage and conversion systems. We'll look at various electrochemical energy storage examples in this section. Fig.5 shows a schematic depiction of a typical electrochemical energy storage device. 
2.3.1 PROCESS OF CHARGING
When an external source (see Fig.5) is allied to the electrochemical energy system, the source charges it and stores a finite charge Q. As a result, the mechanism converts electric energy into deposited chemical energy throughout the charging process.
2.3.2 PROCESS OF DISCHARGING
When the system is joined to an exterior resistant circuit (see Fig.5), the deposited charge Q is released and a flow of a charge rate(current) is generated through the exterior circuit. During the discharging phase, the system turns the deposited chemical energy into electric energy. 
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Fig.5: Electrochemical energy storage system
2.3.3 SUPERCAPACITOR
A supercapacitor is an electrochemical capacitor with a very high energy density relative to other capacitors, generally hundreds of periods higher than a high-adequacy electrolytic capacitor. Supercapacitors, in general, increase the density of storage. The electrolyte is immersed in two porous electrodes with an extreme-high surface area. An electric duple layer arises at the boundary among an electrolytic solution and an electronic conductor, storing electrical energy. 
Assume an asymmetric situation with two identical porous electrodes of thickness L and attention on only one in the 0 x L province. 
[image: ]
[image: ]
Fig.6: Supercapacitor
The electrolyte-filled pore space contains a constant capacitance per unit length c and a constant volume-averaged resistance per length r. Any resistance in the porous electrode, as well as the narrow gap among the electrodes, should be ignored. 
 The linear diffusion equation is fulfilled by the mean potential in the pores. 

The current response can be approximated as follows, if we put on a rapid modification in voltage V for t>0 at x=0. 


2.3.4 BATTERY STORAGE SYSTEM
Regulation of frequency, the response of demand, transmission, and distribution infrastructure deferral, renewable energy integration, and microgrids are just a few of the uses for battery energy storage systems (BESS). The Services of utility, independent system operator (ISO) services, regional transmission organization (RTO) services, and consumer services can all benefit from different battery pieces of knowledge. This research focuses on the two most common battery technologies: lithium-ion and flow batteries. While individual knowledge contains advantages and disadvantages, lithium-ion has experienced the most rapid development and price reductions, owing in fragment to the widespread use of electric vehicles. In the coming years, both lithium-ion and flow battery technologies are expected to enjoy important price reductions. Enlarged use of fluctuating renewable energy will necessitate the storage of electricity generated while it is not in use. In the center of the night, for example, wind energy generation is at its peak. Advancement of maintainable business and finance models, overwhelming technical presentation ambiguity, calculating complete and accurate price assessments, warranties, and insurance, and mixing battery energy storage with current utility systems are all substantial problems. Some of these problems will be resolved as the technology matures, while others will necessitate a larger effort to build targeted programs, initiatives, tools, and resources. 
2.3.5 BASIC CONCEPT OF BATTERY
Electrochemical reactions occur at the electrodes of a cell, which turn chemical energy into electricity. If the reactions are unalterable, the cell (battery) is called primary; if they are alterable, the cell (battery) is called secondary since it can be refilled. Three active components make up a cell: 
· Negative electrode. This is where a chemical component (M) or a compound (M —>• M+ + e) endures electrochemical oxidation throughout cell discharge. The electrode is thus referred to as an anode. The generated electron passes via the external cell circuit on its way to the reverse electrode. If the cell is rechargeable, however, the same reaction can be reversed, resulting in a diminution and the electrode being referred to as the cathode. 

· Positive electrode. As the cell discharges, the electron from the negative electrode causes an electrochemical reduction (X + e —• X") As a result, the electrode acts as a cathode. The corresponding oxidation occurs during charge in a rechargeable cell, resulting in an anode electrode.
 
· Electrolyte. The electrolyte allows cations and anions to go towards electrodes of reverse signs during cell operation, closing the circuit. An aqueous or nonaqueous solution of salts, alkalis, or acids can be employed as an electrolyte, although polymeric or solid electrolytes can also be used. For all types of batteries, it is common to call the negative electrode anode and the positive electrode cathode, however, this is only true for primary batteries. As previously stated, the terminology for rechargeable batteries should be inverted during charge, or the terms negative electrode or positive electrode should always be utilized to avoid confusion. 
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Fig.7: Basic Operation of Battery
2.3.6 LEAD ACID BATTERY
This sort of secondary cell is commonly utilized in cars and other implementations that require high load current values. Its key benefits are cheap investment prices, technological maturity, and operative reutilizing. 
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Fig.8: Diagram of a lead-acid cell
Sulfuric acid is the electrolyte, and it ionizes as follows: 

Discharging process

The freed electrons move to the positive electrode via the external circuit, where they participate in the reaction: 

Table 1: Merit and demerit of Lead acid batteries.
	MERIT
	DEMERIT

	Manufacturing is cheap-price and straightforward.
	Little precise energy; worst weight-to-energy relation

	cheap per-watt-hour price
	Sluggish charging: Fully flooded charge takes 14–16 hours

	Large specific power and high discharge currents are possible.
	Prerequisite for storage in charged condition to stop sulfation

	Manufacturing is simple and inexpensive.
Cheap price per watt-hour
It is feasible to achieve high discharge currents and high specific power.
At both cheap and high temperatures, the product performs well. 
	Cheap weight-to-energy ratio; cheap specific energy 
Sluggish charging: It takes 14–16 hours to reach full saturation. 
To avoid sulfation, it is necessary to store the product in a charged state. 
Battery life is limited due to continuous deep cycling. 



2.3.7 TYPES OF ACID BATTERIES

Table2: Types of Acid batteries
	Type
	Description

	Starter
	Considered to eccentric an engine with a brief high-power demand that lasts around a second. The battery delivers strong currents for its size, however, it cannot be deep-cycled.

	Deep-cycle
	Built to give wheelchairs, golf carts, and forklifts, among other things, continuous power. This battery is designed to have large adequacy and a high cycle count.

	Sealed, or maintenance-free
	Developed to eccentric an engine with a brief high-power demand that lasts around a second. The battery delivers strong currents for its size, however, it cannot be deep-cycled. 
Built to give wheelchairs, golf carts, and forklifts, among other things, continuous power. This battery is designed to have huge adequacy and a high cycle count. 
In the mid-1970s, it was initially published. Engineers deemed the term "sealed lead–acid" to be a misnomer because lead-acid batteries cannot be entirely sealed. If the pressure builds up, valves have been installed to switch venting during stressful charges and speedy discharge by all cheap gases.



2.3.8 USES

· Wheelchairs, a small UPS, and emergency lighting The SLA is still the favoured choice for health protection in hospitals and senior homes due to its cheap price, dependable service, and cheap maintenance requirements. 
· Cellular repeater towers, internet hubs, banks, hospitals, airports, and other sites require power backup. 
· Motorcycle starter battery, micro-hybrid automobile start-stop function, as well as marine type vehicles and RVs that require processing. 

2.3.9 NICKEL-CADMIUM BATTERY 
A rechargeable nickel-cadmium battery (Ni-Cd) is utilized in transportable computers, drills, camcorders, and other small battery-functioned equipment that require an even power discharge. 
2.3.10 ADVANTAGES

· With regular care, it can withstand a lot of use and have a high cycle count. 
· The only battery that can be charged extreme-speedily and securely. 
· Decent load demonstration; tolerant when abused 
· Lengthy shelf-life; can be deposited discharged but must be primed before use. 
· Storage and transportation are simple, and there is no regulatory oversight. 
· Cheap-temperature demonstrations are excellent.  
· Sizes and demonstration options are presented in a variety of dimensions.

2.3.11 DISADVANTAGES

· In judgment to contemporary systems, it has a cheap specific energy. 
· Memory impact; requires full discharge regularly and can be revitalized 
· Cadmium is a dangerous metal that can't be thrown away in a landfill. 
· Self-discharge is high; after storage, it must be recharged. 
· To generate a high voltage with a less cell voltage of 1.20 V, several cells are required. 

2.4 CHEMICAL ENERGY STORAGE

2.4.1 HYDROGEN STORAGE
The fact that hydrogen has a molecular weight of just two creates a bottleneck in the growth of hydrogen-based energy systems. The molar quantity of hydrogen for a given mass of fuel calculates to be more than the number of moles for fuel with a higher molecular weight. As a result, the container for storing a given mass of hydrogen must be built to resist higher pressures than those for higher molecular weight fuels. Normally. It is necessary to store hydrogen to use it as an energy source. There are several storage options available.
· Gaseous storage
· Liquid storage
· Solid-state storage

2.4.2 COMPRESSED GAS STORAGE (GASEOUS STORAGE)
Hydrogen can be kept in subterranean reservoirs in a compressed gaseous condition, comparable to natural gas, or high-pressure cylinders. The method of storage is expensive since it takes a lot of steel to hold a small amount of hydrogen. Gaseous hydrogen storage is not economically practical for commercial usage of hydrogen as a fuel. 
2.4.3 LIQUID STORAGE
Hydrogen storage in liquid form is price-effective for both stationary and mobile applications. Because liquid hydrogen fuel has the highest density of energy (energy per unit mass), it is employed as a rocket propellant in space vehicles. To avoid air condensation on the surface of liquid hydrogen [boiling point (–253°C)], vacuum insulated cylinders must be used. A fire threat exists when there is a high concentration of liquified air (high in oxygen) around a liquid hydrogen cylinder. 
2.4.4 SOLID-STATE STORAGE
The most appealing way of storing hydrogen is solid storage in the form of metallic hydrides. The metal hydride system works on the idea that when a few metals are exposed to hydrogen, they absorb it in an exothermic reaction and release it when the metal hydride is heated. The following are the chemical equations: 
Stored gas                         H2 + Metal Charge                  Hydride + heat 
 Released gas                 Metal hydride + heat Discharge                 Metal + H2   
In this method, hydrogen gas reacts with powdered metallic alloy in a pressure vessel that is closed and evacuated. Because hydride production is accompanied by a negative enthalpy shift, the surplus heat is eliminated during charging. After the charging cycle is done, the cylinder is held at room temperature by adjusting the cylinder pressure to the hydride's maximum equilibrium vapour pressure. When hydrogen gas is needed, the cylinder is heated to a temperature that is appropriate for the discharge pressure to maintain the required gas flow rate. A few metallic alloys with high hydrogen storage capacities exist, such as magnesium–copper and iron–magnesium–titanium. When metal hydride is heated, hydrogen is released, making the reaction reversible. The following equations show how reactions are represented: 
H2 + FeTi                 FeTiH1(1.7) + heat
Ti.H1(1.7) + heat              Fe.Ti.H0.1 + 0.8H2
Hydride storage tanks for hydrogen-powered vehicles are small, and the engine's waste heat is used to dehydrate the fuel. Buses and automobiles powered by hydrogen are acceptable for short journeys of up to 160 Km. These cars are comparable to electric vehicles, which are environmentally friendly and run on fuel cells or batteries. 
2.4.5 ECONOMICS OF HYDROGEN FUELS AND THEIR USE
To reduce pollution, the transformation of the energy economy from fossil fuels to hydrogen is a top goal. Hydrogen derived from biomass plays a major role. When compared to hydrogen produced electrolytically, hydrogen produced from biomass and given to consumers in the transportation industry prices are half as much. Hydrogen produced from biomass can compete effectively with gasoline-powered buses in a fuel-cell bus. It is a better fuel for turbojet aircraft since it has a higher fuel efficiency, cheaper noise level, and produces fewer pollutants. Hydrogen as a vehicle fuel can help to minimize reliance on fossil fuels, which are becoming more expensive every year. Nissan has begun production of a gas-electric hybrid version of its Altima vehicle. Toyota and Honda hybrid vehicles are in high demand. In the United States, almost 88,000 hybrid light vehicles were sold in 2004. Though they are now considered a "niche" product, prominent automakers envision hydrogen fuel-cell vehicles as the industry's next great technological breakthrough in the years to come, due to high fossil fuel prices and push for environmentally friendly automobiles. 
Pipelines can easily carry and distribute hydrogen, just as they can be natural gas. Because hydrogen is a high-density fuel, its cheap transportation prices would offset its high product prices, making it an economically feasible fuel. 
2.4.6.   FUEL CELL 
A fuel cell converts electrical energy into chemical energy. These cells require an uninterrupted supply of fuel and oxidants to sustain the process that generates electricity. As a result, these elements can generate electricity indefinitely as long as the fuel and oxygen supply is not cut off. Fuel cells were first used commercially by NASA to power space capsules and satellites, 100 years after their introduction in 1838. The cathode, anode, and electrolyte of a fuel cell are similar to those of an electrochemical cell. The electrolyte in this cell allows the protons to move freely.
A fuel cell comprises of four main elements:
a) Anode: This is a negative post about fuel cells. The anode conducts electrons that are not bound to the hydrogen molecule so that they can be used in an external circuit. 
b) Cathode: This is a positive development for fuel cells. It recombines H and O ions to form water and sends electrons back from an external circuit to the catalyst.
c) Electrolytes: It's a proton exchange membrane that's been specifically treated. It just permits positively charged particles to go through. Electrons are blocked by the membrane.
d) Catalyst: Catalysts promote the reaction of oxygen and hydrogen in fuel cells. This will speed up the reaction time.
e) 
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Fig. 9: Schematic diagram of a fuel cell.


Working of the fuel-cell
A hydrogen atom enters the anode. Atoms remove electrons from the anode. Protons travel through the partition to the cathode and negative charge particles go through the   circuit, generating electricity. After passing through the circuit, the electrons combine with protons and O2 in the air to create H2O and heat, a by-product of the fuel cell.
Advantages of the fuel cells
The energy efficiency is about 80%. It has good dependability. Fuel cell technologies are eco-friendly. Compact in size and lighter in weight.
Disadvantages of the fuel cells
Manufacturing costs are high. Lack of infrastructure for hydrogen transportation. Fuel cells are less-durable.
Fuel cells are expensive.
Table 3: Comparison of the various fuel cell.

	S.
No.
	Fuel Cell
	Electrolyte formula
	Temperature (°C)
	Output
	Electrical efficiency
	Uses

	1
	PEMFC
	Cn F(2n+1) SO3H
	55-85
	1-250KW
	50-62%
(Transportation)
	Backup power, portable power, and transportation, etc.

	2
	AFC
	Aq. KOH
	85-105
	10-100KW
	61%
	Military and space etc.

	3
	PAFC
	H3PO4
	145-205
	50KW-
1MW
	>38%
	Distributed generation.

	4
	MCFC
	Li2CO3, Na2CO3, K2CO3
	601-702
	1KW-
1MW
	40-45%
	An electric utility, large distributed generation, etc.

	5
	SOFC
	Yttria stabilized zirconia Samarium doped ceria.
	605-1010
	>1KW- 3MW
	30-45%
	Auxiliary power, electric utility,
large distributed generation, etc.




2.5 THERMAL ENERGY STORAGE
A variety of knowledge can be utilized to achieve thermal energy storage (TES). Excess thermal energy can be deposited and utilized hours, days, or months later, depending on the technology, at gauges reaching from the individual procedure to the constructing, multiuser constructing, district, town, or section. Implementations include regulating energy demand day and night, capturing summer heat for winter heating, and collecting winter cold for summer air cooling (Seasonal thermal energy storage). Storage media include water or ice slush tanks, native earth or bedrock masses retrieved through boreholes with hotness exchanger, deep aquifers contained between impermeable strata; shallow, lined pits filled with gravel, and water and insulated at the top, as well as eutectic solutions and phase-change materials.
All other resources of thermal energy for storage are heat or cold produced by warmth pumps using off-peak, cheaper-price electric power, a practice known as peak shaving; and heat from combined heat and power plants.
. 
2.5.1 CLASSIFICATION AND CHARACTERISTICS OF TESS
Fig.9 depicts the various forms of solar energy TES. The following features can be used to characterize an energy storage system:
· The adequacy of a scheme's energy storage is calculated by its storage technique, medium, and system size.
· The term "power" refers to how quickly energy deposited in an arrangement may be discharged (and charged). 
· The percentage of energy given to the user to the energy required to charge the storage system is known as efficiency. It takes into consideration the energy lost throughout storage and the charging/discharging round. 
· The storage time, which can range from hours to months (i.e., hours, days, weeks, and months for seasonal storage), indicates how long the energy is deposited.
· The amount of period required to charge and discharge, the system is defined by the charge and discharge times. 
· Price relates to the storage system's adequacy (V/kWh) or power (V/kW) and is calculated by the storage equipment's capital and working prices, as well as its period (i.e., the number of rounds). 
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Fig.10: A general overview of the thermal energy storage system (TESS)
2.5.2 SENSIBLE HEAT STORAGE
Sensible heat storage (SHS) (Fig. 10) is the most basic technique for packing thermal energy, which involves a heating system or chilling a melted or compact storage medium (e.g., water, sand, molten salts, or rocks), with water being the most price-active alternative. Water is the most widely utilized and commercially available heat storage medium, with several domestic and industrial applications. For large-scale utilizations, covert storage of practical(sensible) heat in both liquid and solid mediums is also utilized. SHS has two key prizes: it is inexpensive and avoids the hazards associated with harmful ingredients. 
[image: ]
Fig.11: Approaches of TES (A) sensible heat; (B) latent heat; (C) thermochemical reactions.
2.5.3 WATER STORAGE 
For TES, hot-water tanks are a well-recognized knowledge. Hot-water tanks are used to deposit energy in solar-powered liquid (water) heating systems and cogeneration (i.e., heat and power) energy supply systems. Water tank storage is a price-efficient storage solution, and its efficiency can be enhanced even further by guaranteeing good water delamination and extremely effective thermal padding in the tank. The focus of today's R&D work is on Fig.11 depicts a typical setup that includes a water tank. 
[image: ]
Fig.12: A typical system using water tank storage

2.6 BIOLOGICAL ENERGY STORAGE
Photosynthesis, which allows plants to develop, and the storage of solar energy in oxygen are both components of the biological energy system. Photoautotrophs absorb energy from the sun, as well as CO2 (carbon dioxide) and water, to produce glucose and oxygen during photosynthesis. The biological energy storage system is where the entire process takes place. Some biofuels are liquids or gases that can be utilized in internal combustion engines, making them useful for transportation in place of traditional petroleum fuels. Glycogen is one of two types of energy reserves, with glycogen being used for brief-term storage and triglyceride captures in adipose tissue (i.e., body fat) being used for lengthy-term storage. Glycogen is produced and deposited predominantly in the liver and skeletal muscle cells in humans. It is also referred to as a biological energy system.
3.  CONCLUSION
The analysis of DG impacts on the network is becoming increasingly important as the DG idea gains traction. The technological consequences are one of the many challenges that continue in joining distributed generators to the grid. The DG's energy storage device is a crucial component. Energy storage devices are crucial components, particularly in systems that utilize renewable energy sources like solar and wind energy. The EES was described in this chapter. The first replicas of energy storage devices were described for this purpose. The technological and financial implications of using energy storage devices with DGs were then examined. Using existing storage techniques like pumped storage hydropower plants, which pump water back to the reservoir during periods of cheap demand of electricity, efficient electricity storage in bigger measures is only conceivable indirectly. This well-famous storage method may become even more crucial in the future. However, for such big systems, the availability of suitable sites with little environmental effect is the most significant limiting factor for future growth. Similarly, big-scale CAES will rely on the growth of systems with artificial storage tanks. Smaller-scale electricity storage solutions have come a long way in the last two decades. Flywheel-based energy storage systems hold a lot of promise, especially when combined with other storage knowledge to provide continuous electrical supply systems, boosting dependability and worth. Batteries are still chief for tiny utilization and applications that require grid power independence. Supercapacitors have been created as a new electricity storage technology to help keep the grid stable and meet peak power demands. As the amount of electricity generated from intermittent renewable energy sources grows, more electrical storage adequacy, including the aggregate of all smaller-scale devices, will be required. To donate to the smooth operation of energy supply markets and systems, energy storage should be light, safe, and dependable. For all segments of the socio-economic system to manage with interruptions produced by various technical, economic, or political events, some redundant energy storage adequacy is required. 
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