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ABSTRACT 
The generation of power is really a challenge now a days with 

the increase in demand for Electricity due to increase in 

industrialization. It is necessary to meet the energy needs by 

utilizing the renewable energy resources like wind, biomass, 

hydro co-generation, etc. Injection of the wind power into an 

electric grid affects the power quality. The main power quality 

issues are voltage sag, swell, flickers, harmonics etc. In this 

proposed scheme STATic COMpensator (STATCOM) is 

connected at the point of common coupling with a battery 

energy storage system (BESS) to mitigate the power quality 

issues. The battery energy storage is integrated to sustain the 

real power source under fluctuating wind power. Here two 

control schemes for STATCOM are compared: Bang-Bang 

current controller and control in d-q reference frame. Bang-

Bang controller is a hysteresis current controlled technique. 

The operation of the two STATCOM control schemes for 

maintaining the power quality of the grid connected wind 

energy system is investigated using MATLAB/SIMULINK. 

Keywords 
STATCOM, power quality, wind generating system, Battery 

Energy Storage System (BESS),Bang –Bang current controller 

1. INTRODUCTION 
 “Any power problem manifested in voltage, current and 

frequency that result in failure or maloperation of the customer 

equipment” is defined as power quality [1]. Injection of the 

wind power or any other renewable energy resources into an 

electric grid affects the power quality [2]. 

The devices used for mitigation of power quality problems are 

known by the name of Custom Power Devices (CPDs). The 

compensating devices mainly are: Static Synchronous 

Compensator (STATCOM), Dynamic Voltage Restorer (DVR) 

and Unified Power Quality Conditioner (UPQC). The work 

analyses the performance of STATic COMpensator 

(STATCOM) with a battery energy storage system (BESS) 

which is connected at the point of common coupling of wind 

energy generating system and the existing power system to 

reduce the power quality issues [1]. 

Wind turbine produces a continuous variable output power 

during normal operation. These power variations are mainly 

caused by the effect of turbulence, wind shear, and tower-

shadow and of control system in the power system. Thus, the 

system needs to manage for such fluctuations. The voltage sag, 

swell, flickers, harmonics etc. are the main power quality 

issues[2]. One of the simple methods of running a wind 

generating system is to use the induction generator connected 

directly to the grid system. The induction generator has 

inherent advantages of cost effectiveness and robustness. 

However; induction generators require reactive power for 

magnetization. When the generated active power of an 

induction generator is varied due to wind, absorbed reactive 

power and terminal voltage of an induction generator can be 

significantly affected [3]. A STATCOM based control 

technology has been proposed for mitigating the power quality 

issues when we are integrating wind farms to the grid. In the 

event of increasing grid disturbance, a battery energy storage 

system for wind energy generating system is generally required 

to compensate the fluctuation generated by wind turbine. Here 

two control schemes for STATCOM is analysed and compared: 

Bang-Bang current controller and control in d-q reference 

frame. 

2. POWER QUALITY IMPROVEMENT 

TOPOLOGY 
The Static Compensator (STATCOM) is a three- phase voltage 

source inverter having the capacitance on its DC link and 

connected at the point of common coupling. The STATCOM 

injects a compensating current of variable magnitude and 

frequency component at the bus of common coupling [4]. Here 

the utility source, wind energy system and STATCOM with 

BESS is connected to the grid. The STATCOM based current 

controlled voltage source inverter injects the current into the 

grid in such a way that the source current are harmonic free and 

they are in phase-angle with respect to source voltage. The 

injected current will cancel out the reactive part and harmonic 

part of the load and induction generator current, thus it 

improves the power quality [5]. This injected current 

generation is by proper closing and opening of the switches of 

voltage source inverter of STATCOM and is different for the 

two control schemes proposed. To accomplish these goals, the 

grid voltages are sensed and are synchronized in generating the 

current command for the inverter.  

2.1  Wind Energy Generating 

System(WEGS) 
Here, wind generations are based on constant speed topologies 

with pitch control turbine. The induction generator is used in 

the proposed scheme because of its simplicity, it does not 

require a separate field circuit, it can accept constant and 

variable loads, and has natural protection against short circuit. 

The available power of wind energy system is presented as: 

             Pwind = ½ ρAVwind
³                                      (1) 

Where   ρ = air density (kg/m3) , A = area swept out by turbine 

blade (m 2), Vwind = wind speed ( m/s). 
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It is not possible to extract all kinetic energy of wind. Thus it 

extract a fraction of power called power coefficient „Cp‟ of the 

wind turbine, and is given by:-  

                            Pmech   = Cp Pwind                                          (2)  

 The mechanical power produced by wind turbine is given by:-  

                            Pmech    =  ½ρΠR²Vwind
3 

 Cp                           (3)                      

Where,  R   =  Radius of the blade (m). 

2.2 Bess-statcom 
The battery energy storage system (BESS) is used as an energy 

storage element for the purpose of voltage regulation [6]. The 

BESS will naturally maintain dc capacitor voltage constant and 

is best suited in STATCOM since it rapidly injects or absorbs 

reactive power to stabilize the grid system[6]. It also controls 

the distribution and transmission system in a very fast rate. 

 

Fig.1 System operational scheme in grid system. 

When power fluctuation occurs in the system, the BESS can be 

used to level the power fluctuation by charging and discharging 

operation. The battery is connected in parallel to the dc 

capacitor of STATCOM. 

2.3 System operational scheme 
The shunt connected STATCOM with battery energy storage is 

connected with the interface of the induction generator and 

non-linear load at the PCC in the grid system [7]. The Fig. 1 

represents the system operational scheme in grid system. The 

STATCOM compensator output is varied according to the 

control strategy, so as to maintain the power quality norms in 

the grid system. A single STATCOM using insulated gate 

bipolar transistor is proposed to have a reactive power support, 

to the induction generator and to the nonlinear load in the grid 

system. 

 

2.4 Control System 
The first control scheme approach is based on injecting the 

currents into the grid using “bang-bang controller” [8].The 

controller uses a hysteresis current controlled technique as 

shown in Fig 2. Using such technique, the controller keeps the 

control system variable between boundaries of hysteresis area 

and gives correct switching signals for STATCOM operation. 

In this scheme the hysteresis band selected as 0.08. The control 

algorithm needs the measurements of several variables such as 

three-phase source current, DC voltage inverter current with 

the help of sensor. The current control block, receives an input 

of reference current and actual current are subtracted so as to 

activate the operation of STATCOM in current control model 

[8]. 

The second control scheme is control in d-q reference 

frame.Control of PWM-VSI has been implemented in the 

rotating (synchronous) d-q reference frame because the 

synchronous frame controller can eliminate steady state error 

and has fast transient response by de-coupling control.The 

output is switching signals for IGBTs of STATCOM. 

2.5 Grid synchronisation 
In three-phase balance system, the RMS voltage source 

amplitude is calculated at the sampling frequency from the 

source phase voltage (Vsa, Vsb, Vsc) and is expressed as sample 

template (sampled peak voltage),V sm 

                     Vsm =√{2/3(Vsa²+Vsb²+Vsc²)}                           (4) 

The in-phase unit vectors are obtained from AC source phase 

voltage and the RMS value of unit vector as shown below. 

                                                 Usa =Vsa/Vsm 

                                          Usb =Vsb/Vsm                             (5) 

        Usc =Vsc/Vsm 

The in-phase generated reference currents are derived using in-

phase unit voltage template as shown below. 

                 isa*=I* Usa,  isb*=I*Usb,  isc*= I* Usc                     (6)  

where „I‟  is proportional to magnitude of filtered source 

voltage for respective phases. This ensures that the source 

current is controlled to be sinusoidal [9].  

2.6 Hysteresis current controller  
It is also named as Bang- Bang Current controller and is 

implemented in the current control scheme. The reference 

current is generated as in (6) and actual current are detected by 

current sensors and are subtracted for obtaining a current error 

for a hysteresis based bang-bang controller. Thus the ON/OFF 

switching signals for IGBTs of STATCOM are derived from 

hysteresis controller [9] .The switching function SA
  for phase 

„a‟ is expressed as: 

0)(

1)(

*

*









Asasa

Asasa

Sii

Sii

HB

HB

             (7) 

. 
This is same for phase „b‟ and „c‟. 
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Fig.2. Control System 

2.7 Control in d-q Reference Frame 
Due to drawbacks of the conventional vector control strategy, a 

direct-current vector control strategy is used. A cascade control 

in the d-q frame is proposed. Control of PWM-VSI has been 

implemented in the rotating (synchronous) d-q reference frame 

because the synchronous frame controller can eliminate steady 

state error and has fast transient response by de-coupling 

control. However, synchronous frame controller is more 

complex than the stationary frame controller and requires 

transforming of measured stationary frame ac current to 

rotating frame dc components, and transforming the result of 

control back to the stationary frame for implementation. It 

consists of outer voltage loop and inner current loop. 

Synchronization with the grid voltage is performed through a 

phase locked loop (PLL). Fig.3 shows the PLL block diagram 

where the input is the measured three-phase voltage at PCC. 

The output signals Vd, θgrid, and ω are obtained to use in the d-q 

frame inverter control. 

The proposed control methodology is depicted in fig. 4. The d-

axis outer loop controls the DC bus voltage, and the inner loop 

controls the active AC current. Because the inverter allows 

bidirectional power flow, increments in the DC bus voltage can 

be produced from negative or positive current direction and 

vice versa. The q-axis outer loop regulates the AC voltage 

magnitude by adjusting the reactive current, which is 

controlled by the q-axis inner current loop. Additionally, d-q 

decoupling-terms ωLinv and feed-forward voltage signals are 

added to improve the performance during transients 

 

 

 

Fig.3 PLL block 

The main purpose of the grid side control system is to regulate 

the voltage across DC Link capacitor and either of real/reactive 

power and the PCC voltage. The frame of the direct-current 

vector control strategy is a nested-loop structure including an 

inner current control loop and a DC-Link voltage control loop. 

In the DC-Link voltage control loop, the PI controller receives 

the difference between the DC-Link voltage reference and the 

measured DC-Link voltage and outputs the tuning signal as the 

d-axis current reference of the inner current control loop. 

Therefore, the DC-Link voltage control can also be seen as an 

outer loop of the inner current control loop in d-axis current. 

On the other hand, the q-axis current can contribute to the 

reactive power or PCC voltage support control. In the reactive 

power control mode, the q-axis current reference is generated 

through a reactive power controller. 

In the AC system voltage support control mode, the q-axis 

current reference is generated through a PCC voltage controller, 

during which the GSC should generate a reactive power as 

much as possible depending on how much the PCC voltage 

drops. Finally, the structure of the direct current vector control 

strategy is demonstrated in fig.4. 

 

Fig. 4 d-q control 

2.8 Current Control Loop 
The inner current loop strategy is based on the below 

equations which represents the relationship between the GSC 

output voltage and the voltage and current of PCC in d-q 

reference frame. The equations are derived by reducing the 

high frequency oscillation part of the equation. This process 

can be achieved by a low pass filter in the real circuit. 

 

             (8)    
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Fig 5.Current loop controller. 

2.9 DC-Link voltage control loop 
The DC-Link loop control strategy aims to stabilize the 

voltage over the DC-Link capacitor in an expected value, 

which can provide a reliable DC bus for the DC-DC converter. 

DC-Link control strategy can be preceded based on the power 

balance between the ac and dc sides. The transfer function of 

the DC-Link voltage loop control can be calculated by 

ignoring idc2 as interference. 

                                    (9) 

                                      
(10) 

                                       
 (11) 

The DC-Link voltage loop control scheme is shown in fig.6. 

Similar as the other feedback control scheme in the thesis, a PI 
controller is employed to minimize the error between 

measured dynamic voltage and reference. 

 

Fig 6. DC link voltage control loop. 

3. SYSTEM PERFORMANCE 
The proposed control schemes are simulated using 

SIMULINK in power system block set. The system parameter 

for the system is given Table 1. 

Table 1System Parameters 

S.L 

No 

Parameters Ratings 

1. Grid voltage 3 phase,415V,50Hz 

2. Induction 

Motor/Generator 

12 kVA,415V,50Hz, 

Speed=1440rpm,Rs=0.005Ω 

Rr=0.005Ω,Ls=0.125H,Lr=0.18H 

3. Line series 

Inductance 

6.37mH 

4. Inverter 

Parameters 

DC link voltage=800V 

DC link capacitance=6000µF 

Switching frequency=2kHz 

5. Load parameter Non linear load 25kW 

6. Wind turbine Base wind speed=11 m/s 

Pitch angle(β)=„0‟ deg  

 

 

 

 

 

3.1 Voltage Source Current Control—

Inverter Operation 
The three phase injected current into the grid from 

STATCOM will cancel out the distortion caused by the 

nonlinear load and wind generator. The IGBT based three-

phase inverter is connected to grid through the transformer. 

The generation of switching signals from reference current is 

simulated within hysteresis band of 0.08[1] for Bang-Bang 

current controller. The choice of narrow hysteresis band 

switching in the system improves the current quality.  

The choice of the current band depends on the operating 

voltage and the interfacing transformer impedance. The 

compensated current for the nonlinear load and demanded 

reactive power is provided by the inverter. The real power 

transfer from the batteries is also supported by the controller 

of this inverter. The three phase inverter injected current are 

shown in Fig. 8.  

3.2 STATCOM—Performance Under Load 

Variations 
The wind energy generating system is connected with grid 

having the nonlinear load. The bang-bang current controller 

and control in d-q reference frame for the STATCOM is 

implemented in MATLAB/SIMULINK .The outcome of 

STATCOM compensating harmonics and balancing source 

current has been demonstrated. The main SIMULINK 

diagram of the control schemes with STATCOM is shown in 

fig 7. The nonlinear load used a bridge rectifier with RL load.  

The performance of the system is measured by switching the 

STATCOM at time T= 0.05s in the system and how the 

STATCOM responds to the step change command for 

increase in additional load at time T=0.2s as shown in the Fig 

8.The load current and source current are shown in Fig. 9(a) 

and Fig.9(b) respectively. While the injected current from 

STATCOM is shown in Fig. 9(d) and the generated current 

from wind generator at PCC is depicted in Fig.9(c). 

When STATCOM controller is made ON, without change in 

any other load condition parameters, it starts to mitigate for 

reactive demand as well as harmonic current [1].The 

additional demand is fulfil by STATCOM compensator with 

the help of BESS. This can be easily seen in the source current 

(grid current).Because whatever changes in the load or 

induction generator occurs it can‟t be seen in the source 

current and it is free from harmonics. 

The DC link voltage regulates the source current in the grid 

system, so the DC link voltage is maintained constant across 

the capacitor [1] as in Fig.10.System is analysed and 
performance of the system is evaluated. One of the easiest 

measurements of harmonics is the total harmonic distortion 

(THD) measurement through FFT analysis. The Fourier 

analysis of this waveform with and without using Bang-Bang 

controller for STATCOM is performed and the THD of this 

source current at PCC without STATCOM is 11.26% and the 

THD of source current (grid current) with STATCOM is only 

1.95%. as shown in Table 2. The injected currents also have 

harmonics and it cancel out reactive and harmonic part 

produced by the load and induction generator. Thus improves 

the power quality. 
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Fig 7. SIMULINK diagram of the system 

 

Fig.8. Three phase injected inverter Current. 

 

Fig. 9(a)Load Current (b) Source Current. (c) Wind 

generator (Induction generator) current. (d) Inverter 

Injected Current. 

 

Fig.10. DC link voltage. 

Table 2Results comparison by FFT analysis 

 

3.3 Implementation of control in d-q 

reference frame 
The model of this system is also developed in 

MATLAB/SIMULINK. To investigate the performance of the 

system a load variation is inserted at time T= 0.2 s. as shown 

in Fig.11. It shows the load current, inverter injected current, 

wind generator current and source current. The power quality 

improvement is observed at point of common coupling, when 

the controller is in ON condition. The STATCOM is placed in 

the operation at 0.05s The above tests with proposed scheme 

has not only power quality improvement feature but it also has 

sustain capability to support the load with the energy storage 

through the batteries. It is observed that the source current on 

the grid is affected due to the effects of nonlinear load and 

wind generator, thus purity of waveform may be lost on both 

sides in the system [1]. As in Table 3, It is shown that the 

source current THD has been improved considerably and 

within the norms of the standard.  

 

Fig.11. (a) Load Current (b) Source Current(c) Wind 

generator (Induction generator) current (d) Inverter 

Injected current 



International Journal of Computer Applications (0975 – 8887) 

Volume 145 – No.8, July 2016 

 

44 

Table 3.Results comparison by FFT analysis 

 
 

The current waveform before and after the STATCOM 

operation is analysed. Without using d-q reference frame 

controller for STATCOM the source current FFT is 3.88%, 

and using controller the source current (grid current) FFT is 

reduced to 0.61% as shown in Table 3. It indicates that when 

we are using d-q reference frame controller the harmonics are 

reduced more as compared to Bang –Bang controller. 

4. CONCLUSION 
The paper presents the STATCOM-based control scheme for 

power quality improvement in grid connected wind generating 

system and with non linear loads.  

The operation of the control system developed for 

theSTATCOM-BESS in MATLAB/SIMULINK for 

maintaining the power quality is simulated using two 

controllers: Bang-Bang current controller and d-q reference 

frame controller .STATCOM injects current to the grid and it 

cancel out the reactive and harmonic parts of the induction 

generator current and load current .When we are reducing the 

wind generating system output, it will not affect the source 

current magnitude by the two controllers. 

The THD analysis revealed that the d-q reference frame logic 

controller is good compared to bang-bang controller. The d-q 

reference frame controller is more complex and has faster 

response. The integrated wind generation and STATCOM 

with BESS have shown the outstanding performance.  
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