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Abstract— The peak generation of wind farms and peak load 

demands typically do not occurs at the same time due to the 

variations in speed of wind and gives a stochastic output. 

The main aim of this paper is to study a wind farm 

integrated with an energy storage device at turbine level in 

order to shift the wind power generation to peak demand 

period. In order to measure the effect of integration, actual 

profiles of load ,wind energy and other power source is 

studied and  the effective load carrying capability for wind 

energy. The effective load carrying capability (ELCC) is 

calculated after and before adding the storage device 

(Battery). It results that the battery can make significant 

improvement in the ELCC of wind energy and also it gives a 

higher efficiency. 
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I. INTRODUCTION 

Wind energy is a supply of renewable power that produces 

from air that blows across the surface of the globe. This 

created energy is converted into some useful power then the 

power generated is supplied to load (consumer) through 

transmission lines and distributed. The wind generation is 

fastest growing sources of electrical energy and one all told 

the fastest growing markets on the globe about 25 % power 

is developed annually, wind is that the fastest-growing 

sector of the energy business all over the earth. The 

development of wind energy unit varied and clear, and so 

the technology itself has taken a breakthrough in recent 

years. The value proposition of wind farms are going to be 

significantly exaggerated if their peak power is shifted from 

light-weight demand hours in early mornings to serious 

demand in late afternoon and early evening. Energy storage 

systems can provide this capability. Many more researchers 

had performed research work on integration of energy 

storage to support wind energy. One work has shown that 

just in case of weak grids, the optimum alternative for useful 

alternative energy is battery-based systems with several 

minutes of run time. The applications vary from transient 

stability support. 

 The ability of a renewable energy supply to 

effectively increase the generating capability out there to a 

utility or a regional installation while not increasing the 

utility’s loss of load risk is outlined as Effective Load 

Carrying Capability (ELCC). For wind energy, the ELCC 

may be a operate of location, time, wind penetration, wind 

speed and so the sort of rotary engine. This capability is 

going to be evaluated for any location supported 

accessibility of wind from hills on mountains to offshore 

locations. Early analysis shows that probabilistic approach 

can capture the key aspects of the need for energy storage. 

once combined with energy storage, the ELCC of wind 

turbines are going to be dramatically exaggerated. The 

energy from the grid is going to be hold on throughout off-

season times (such as night time) and be used to support 

wind energy in feeding the load throughout peak demand. in 

addition, if there is excess energy, it'll be hold on at intervals 

the battery and injected into the grid once required. The 

EELCC of wind turbine with energy storage are going to be 

calculated. This calculation will then be used for filler of the 

rotary engine and energy storage to comprehend higher 

EELCC. Loss of load chance (LOLP) and EELCC for an 

influence plant system integrated with utility scale energy 

storage  the loss of load expectation (LOLE) is calculable in 

three varied method:- 

(1) Without wind. 

(2) With wind. 

(3) With wind integrated with energy storage. 

 And then wind farm output is supplied to the 

system. The output power profile is calculated victimization 

the wise electricity output of a vicinity power house. The 

LOLE is recalculated for the new system with the facility 

station. Then, a utility scale battery is given to the system. 

This battery stores the wind energy and returns it to the 

system throughout peak load conditions. Therefore, the 

danger of loss of load is decreased. An influence station and 

battery could also be combined with an accurate 

management technique to realize higher EELCC 

II. ENERGY STORAGE DEVICES 

 
Fig. 1: Equivalent electrical circuit for a zinc-bromide 

battery system. 

Some of the energy storage systems units are ultra-

capacitors, superconducting magnetic energy storage 

systems (SMES), flywheels, batteries, gas, pumped-up 

hydro, fuel cells, and flow batteries. Throughout this paper, 

we have a tendency to ar employing a battery as energy 

storage for the ELCC study. Market place for batteries with 

short amount discharge ability and activity high power unit 

of measurement expected to expand inside the approaching 

back years. Batteries also are used to mitigate irregularity of 

wind power generation. to boot it's really necessary to stay 

in mind that operative atomic number 30 bromide  battery at 

a SOC below 200 isn't potential since the terminal voltage 

drops significantly. Therefore, it's safe to forestall practice 

the battery once it reaches low. the ability rating of the 

battery is restricted at 25kW for every charging and 

discharging. 

 The storage device utilized in this paper is Zinc-

Bromide flow battery. Its atomic number is thirty, bromide 

battery energy storage devices with pumped-up answer unit 

of measurement generally applicable for high scale power 
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utility, transport and industrial applications with energy 

storage needs of 50 kWh and on top of. This type of battery 

uses continuous circulation of electrolytes to feed reactants 

to the battery stacks. Element metal is chemically plated 

onto the electrodes throughout charging and is re-dissolved 

into the electrolytes throughout discharging. The reaction is 

reversible and non-destructive. Element bromide batteries 

can exceed 2000 full charge and discharge cycles 

throughout their operating life compared with 750 cycles for 

typical lead acid batteries. Element bromide batteries are 

capable of full discharge (100% of keep energy) with none 

injury to the battery. Their energy density is among the vary 

of 65-84 Wh/Kg which they're going to operate at an 

outsized vary of temperatures whereas not degradation. The 

materials of the elements area unit typically created entirely 

with plastic to chop back costs and provide at once usage or 

disposal and utile plastic battery stacks compared with 

plenty of toxicant lead and vitriol. After proper verification 

of material, then the materials are used for wind turbine 

constructions. 

A. Advantages: 

Wind power is that the foremost mature and worth effective 

renewable energy technologies out there these days, 

accounting between 3 and 5 cents per kilowatt-hour, relying 

upon the wind resource and funding of the particular project. 

it's competitive with ancient power plants. in distinction to 

electricity from fuel power-driven  sources that depends on 

fuels whose prices are costly and can vary considerably, the 

worth of different energy is relative stable. Wind could be a 

regenerate sort of star energy. Energy is inexhaustible and 

wishes no "fuel". Wind turbines don't manufacture 

greenhouse gasses that may cause heating. Wind turbines 

are erected on farms or ranches, therefore benefiting the 

economy in rural areas. Farmers and ranchers will still work 

on the land as a result of the wind turbines use solely a 

fraction of the land 

B. Disadvantages: 

Good wind sites are generally placed in remote house, it 

ought to want important infrastructure improvement to 

deliver the sufficient energy to the load centre. Energy 

plants have relatively little impact on the environment 

compared to various typical power plants, there is some 

concern over the noise, aesthetic (visual) impacts, and 

customarily birds are killed by flying into the rotor blades. 

Most of these problems are resolved or greatly reduced 

through technological improvement or by properly sitting 

wind plants. as a result of its intermittent in nature and half 

unpredictable, energy production introduces lots of 

uncertainty into operational and influence grid. The most 

challenge to use wind as a provider of power is that energy 

may not be available once electricity is needed. Figure 2 

shows the correlation between the duration and energy 

output. Mutually can see, the surplus wind generation has 

driven the wholesale electricity worth to the negative 

territory within the morning whereas reduction of the wind 

power has caused worth spike within the afternoon. 

 The integration of energy storage system and rotary 

engine to cut back the uncertainty of alternative energy can 

enhance the grid trustiness and security. Energy storage 

system will shift the generation pattern and swish the 

variation of alternative energy over a desired time horizon. 

It’s even be accustomed mitigate potential value hikes or 

sags. This paper discusses the advantages of mixing the 

selection energy generation system with energy storage to 

cut back each fluctuation of alternative energy and expense 

and build energy with scores of reliable capability. Per the 

wind quality, the study estimates a budget quantity of 

energy storage capacities for the required operations. 

Moreover, energy storage for reducing the variations of the 

studied power plant throughout the wind blow is as well 

studied. Simulation results showed the impact of the energy 

storage equipment’s on suppressing angle, voltage, and 

frequency fluctuations 

III. STUDIED SYSTEM DESCRIPTION AND WIND FARM 

MODELLING 

A. New Wind Farm Configuration: 

The projected powerhouse contains sort of wind turbines 

that unit of measurement clustered and connected to a 

station through underground cable and use a twenty 

2.8/161kV transformer to the 161kV system 

B. Model of the Wind Turbine and Energy Storage: 

A study system consisting of rotary engine and energy 

storage devices is inside the program; dynamic modules 

connected to the projected alternative energy are 

established. the gathering of wind turbines, wind speed 

information, wind rotary engine parameters, generator 

parameters, and conjointly the characteristics of the 

management systems are closed in. The dynamic model is 

shown on Fig 2. A user-written model is accustomed 

simulate a wind blow by varied input wind speed to the 

rotary engine model. 

 
Fig. 2: Electrical block diagram of a wind turbine with 

battery integrated turbine level 

IV. SYSTEMS CONFIGURATION 

Figure 2 shows the configuration of single turbine of the 

system. The battery is integrated with the rotary engine at 

grid level. The variable frequency at the output of the 

generator is converting again to DC by the AC/DC rectifier. 

This device is conjointly in charge of inserting the rotary 

engine at most Power purpose following (MPPT). The 

bidirectional inverter converts the DC power to 60Hz AC 

power and interfaces the turbine with the grid. In a typical 

wind rotary engine, this electrical converter regulates the 

DC bus voltage by adjusting the output power and controls 

the output reactive power. Within the system shown in 

Figure 1, a part of incoming energy will be hold on within 

the device. The hold on energy will be free once the active 

power support is needed at the output. The arrows mark 

within the figure show the flow direction for power. 

Alternative energy will be sent on to the grid or a part of it 
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will be stored in the battery. Grid power can also be used 

during light demand to charge the battery. However, as a 

result of practical reasons the capacity of battery compared 

with the rating of an oversized turbine isn't significant. so all 

alternative energy can't be charged to the battery. On the 

other hand, since the energy storage system will be put in on 

all turbines, the mixture impact of the storage will be 

important. For energy storage model, EPRI battery model 

CBEST is employed. It’s the flexibility to simulate the 

dynamic characteristics of electric battery. This model 

simulates power limitations going into and starting up of the 

battery additionally as ac current. Limitations of the device. 

The model assumes that the battery rating is massive enough 

to hide all energy demand that happens throughout the 

simulation. Battery efficiencies each within the retrieval and 

within the storage of energy are taken into thought. 

A. Wind Power Profile: 

Due to the randomness of wind speed, turbine output power 

contains a heap of variations. the ability variations of one 

rotary engine will be reduced by connecting many wind 

turbines in a very powerhouse. However, the output power 

still fluctuates. Wind farm output has less fluctuation in the 

short term, whereas the future fluctuation still exists. 

V. SIMULATION RESULT DURING WIND GUST 

When wind blows in Wind Park, system power flow, 

generator angle, voltage and frequency can fluctuate. During 

this section, we tend to simulate combining the turbine with 

energy storage equipment’s throughout a brief wind in study 

case to mitigate the negative have an effect on of power grid 

fluctuation. In this study case, the wind park consists of an 

outsized number of turbine generators in a very large area 

and that we assume that the configuration of energy storage 

is connected to wind collector bus. The energy storage is 

sculptured because the EPRI CBEST battery with the 

charging/discharging ratings of ±39.6MW, and ±22.8Mvar. 

VI. METHODS OF REDUCING WIND POWER FLUCTUATION 

Figure (3) shows the response of the wind energy facility 

and energy memory device throughout wind current of air 

variation. The border is wind speed, yellow line is the power 

output of wind generator, and blue line is that the response 

of the energy memory device and pink line indicates the 

entire power flow at Power of Common Coupling (PCC). As 

shown in Figure, the entire active power injection from the 

wind energy facility (pink line) remains constant. 

 
Fig. 3: Wind farm and energy storage power output 

A. Improving Power System Fluctuation: 

Fig 4 and Fig 5 shows the generator angle, frequency, and 

voltage variations throughout wind blow. The green (angle), 

yellow (frequency) and blue (voltage) lines of those 3 

figures indicate the system response while not energy 

storage equipment’s. The opposite color lines show the 

development with energy storage devices. One will see that 

combining the wind power generation system with energy 

storage equipment’s is a sensible resolution to improve 

power system fluctuation throughout the wind blow 

variation 

 
Fig. 4: Simulation result about Generator power Variation 

 
Fig. 5: Simulation result about Frequency Variation 

VII. CONTROL OF THE OUTPUT POWER OF WIND ENERGY 

PLANTS 

To calculate the output power of wind energy plants 

(PWEP) and its influences, the following 

Equations are used. 
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Where, 

β = pitch angle of blades 

  = Rotational speed of blades 

  = Air density 

  = angular speed 

      =Coefficients of a wind turbine 

   = power coefficient 

R = Rotor power 

   =wind speed 

X = exponent of pitch angle 
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VIII. SAFETY FACTOR 

To give management power, the power plant has to supply a 

constant power atleast for four hours. This is the therefore 

referred to as “scheduled energy”. If a wind energy plant 

participates at the control power market, it also needs to 

provide constant power for 100% of the time, the CP is 

provided. Fluctuating energy sources like wind energy don't 

have the power to produce this scheduled energy because 

the forecast of following day's wind speed isn't so accurate. 

The prediction of the created energy is feasible, but during 

the day the wind power may not occur once it is required. 

Attributable to wind delay, the expected power could shift 

by one hour. 

 Because of this forecast uncertainty, the wind farm 

owner cannot trade the whole created wind energy. therefore 

he needs to insert a security issue, by which the maximal 

possible wind power is reduced. By reducing the ability, the 

wind farm owner is in a position to offer a (lower) scheduled  

power, but won't violate his supply contract when the 

alternative energy is apart from what's predicted. At an 

energy exchange, he has to pay a penalty or have to obtain 

the deficit at e.g. a equalization energy market, wherever the 

energy during this time is probably dearer than the worth, at 

that the power plant owner sold  it at the exchange. By this 

situation, the power plant owner needs to decide, whether or 

not it's cheaper for him to pay the penalty and sell the 

highest attainable scheduled energy or if he reduces the 

scheduled energy by a security issue (e.g. he sells only 80 

maximize the maximum). Doing the last option, he loses 

financial gain as a result of he cannot sell this energy at a 

stronger worth, but on the other side he does not have to pay 

penalties. this might work with Associate in Nursing energy 

exchange, however at the management power market the 

provider is pledged by contracts to be in a position to offer 

the scheduled  power at one hundred the troubles of the time 

he offers. If he violates the contract, he are going to be 

excluded from additional auctions at the management power 

market. 

IX. CONCLUSION 

Traditional energy sources (non-renewable) on Earth have 

bit by bit cared-for dry up for many years, consumption. 

Therefore, the employment of latest and renewable energy 

has become the agreement of the planet. Hostile traditional 

non-renewable energy, wind energy is a renewable energy 

supply that is conjointly a kind of clean energy. Its notable 

options area unit non-polluting and clean and it's terribly 

contributive to environmental protection. Wind is that the 

quickest growing energy supply within the world. Supported 

info from studies and operational experiences, the report of 

European Wind Energy Association (EWEA) concludes that 

it's dead possible to integrate the targeted alternative energy 

capability of 300GW in 2030 in United States comparable to 

a median penetration level of up to twenty percentages. 
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