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Abstract- When the wind power is injected into the 
electric grid affects the power quality. The effects 
of the power quality measurements are the active 
power, reactive power, variation of voltage, 
flicker, harmonics, and electrical behaviour of 
switching operations. The STATCOM (Static 
Synchronous Compensator) is shunt connected 
VSC (Voltage Source Converter) with self-
commutating device and can be effectively used 
for reactive power compensation.This paper 
presents STATCOM with wind energy system at 
point of common coupling to mitigate power 
quality issues. The STATCOM control scheme for 
grid connected wind energy system is simulated 
using MATLAB/SIMULINK for the purpose of 
power quality improvement in power system. The 
simulation results reveal the performance of 
STATCOM in conjunction with PI controller. 
 
Index Terms-Power Quality, PI Controller, 
STATCOM, Total harmonic Distortion(THD), 
and Wind Generating System 

I. INTRODUCTION 
 

With the increase in demand for Electricity due to 
increase in population and industrialization, the 
generation of power is really a challenge now a days. 
It is necessary to meet the energy needs by utilizing 
the renewable energy resources like wind, biomass, 
hydro co-generation, etc. Both electric utilities and 
end users of electric power are increasingly 
concerned about the quality of power. Power quality 
can be defined as “any power problem manifested in 
voltage, current and frequency those results in failure 
or maloperation of the customer equipment”. 
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. 
[1].The power quality is an essential customer-
focused measure and is greatly affected by the 
operation of a distribution and transmission network. 
The issue of power quality is of great importance to 
the wind turbine [2].One of the simple methods of 
running a wind generating system is to use the 

induction generator connected directly to the grid. 
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. 
Here proposing a STATCOM based control 
technology for mitigating the power quality issues 
when we are integrating wind turbine to the grid [1-
2]. 
 
A STATCOM   based control technology has been 
proposed for improving the power quality which can 
technically manages the power level associates with 
the commercial wind turbines. The proposed 
STATCOM control scheme for  
Grid connected wind energy generation for power 
quality improvement has following objectives. 
• Unity power factor at the source side. 
• Reactive power support only from STATCOM to 
wind Generator and Load [2]. 
 
The work analyses the performance of Static 
Compensator (STATCOM) with a wind energy 
generating system connected at the point of common 
coupling with the existing power system to mitigate 
the power quality issues [1]. 
However performance of proposed system is 
compared with PI controllers. It compares the results 
of the system and highlights the benefits of 
STATCOM by using PI controllers in the system [3]. 
The paper is organized as fallows. The Section II 
introduces the power quality standards, issues and its 
consequences of wind turbine. The Section III 
describes the topology for power quality 
improvement. The Sections IV, V, VI describes the 
control scheme, system performance and conclusion 
respectively.The proposed control technique has been 
evaluated & tested using MATLAB/SIMULINK 
software with and without STATCOM. 

 
II.Power Quality Standards, Issuesand Its 

Consequences 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Special Issue, June-2015 

A Statcom- Control Scheme For Power Quality Improvement To Grid Connected Wind Energy Generating System 
 

10 

A. International Electro Technical Commission 
Guidelines 

The guidelines are provided for measurement of 
power quality of wind turbine. The International 
standards are developed   by the working group of 
Technical Committee-88 of the International Electro-
technical Commission (IEC), IECStandard 61400-21 
describes the procedure for determining the power 
quality characteristics of the wind turbine. 
The standard norms are specified. 
 
1) IEC 61400-21: Wind turbine generating system, 
part-21.Measurement and Assessment of power 
quality characteristic of grid connected wind turbine. 
2) IEC 61400-13: Wind Turbine—measuring 
procedure in determining the power behavior. 
3) IEC 61400-3-7: Assessment of emission limits for 
fluctuating load IEC 61400-12: Wind Turbine 
performance. 
The data sheet with electrical characteristic of wind 
turbine provides the base for the utility assessment 
regarding a grid connection. 

 

B. Voltage Variation 

The voltage variation issue results from the wind 
velocity and generator torque. The voltage variation 
is directly related to real and reactive power 
variations. The voltage variation is commonly 
classified as under: 
• Voltage Sag/Voltage Dips. 
• Voltage Swells. 
• Short Interruptions. 
• Long duration voltage variation. 
The voltage flicker issue describes dynamic 
variations in the network caused by wind turbine or 
by varying loads. Thus the power fluctuation from 
wind turbine occurs during continuous operation. The 
amplitude of voltage fluctuation depends on grid 
strength, network impedance, and phase-angle and 
power factorof the wind turbines. It is defined as a 
fluctuation of voltage in a frequency 10–35 Hz.  
 
 
C. Harmonics 

The harmonic results due to the operation of power 
electronic converters. The harmonic voltage and 
current should be limited to the acceptable level at the 
point of wind turbine connection to the network. To 
ensure the harmonic voltage within limit, each source 
of harmonic current can allow only a limited 
contribution, as per the IEC-61400-36 guideline. The 
rapid switching gives a large reduction in lower order 
harmonic current compared to the line commutated 
converter, but the output current will have high 
frequency current and can be easily filter-out. 

D. Wind Turbine Location in Power System 

The way of connecting the wind generating system 
into the power system highly influences the power 
quality. Thus the operation and its influence on power 
system depend on the structure of the adjoining 
power network. 
 

E. Self-Excitation of Wind Turbine Generating 
System 

The self-excitation of wind turbine generating system 
(WTGS) with a synchronous generator takes place 
after disconnection of wind turbine generating system 
(WTGS) with local load. The risk of self-excitation 
arises especially when WTGS is equipped with 
compensating capacitor. Thecapacitor connected to 
induction generator provides reactivepower 
compensation. However the voltage and frequency 
are determined by the balancing of the system. The 
disadvantages of self-excitation are the safety aspect 
and balance between real and reactive power . 
 

F. Consequences of the Issues 

The voltage variation, flicker, harmonics causes the 
malfunction of equipment namely microprocessor 
based control system, programmable logic controller; 
adjustable speed drives, flickering of light and screen. 
It may leads to tripping of contractors, tripping of 
protection devices, stoppage of sensitive equipment 
like personal computer, programmable logic control 
system and may stop the process and even can 
damage of sensitive equipment. Thus it degrades the 
power quality in the grid. 
 
III.TopologyFor Power Quality Improvements 
 
The 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. The STATCOM based 
current control voltage source inverter injects the 
current into the grid in such a way that the 
sourcecurrent are harmonic free and their phase-angle 
with respect to source voltage has a desired value. 
The injected current will cancel out the reactive part 
and harmonic part of the load and induction generator 
current, thus it improves the power factor and the 
power quality. To accomplish these goals, the grid 
voltages are sensed and are synchronized in 
generating the current command for the inverter. The 
proposed grid connected system is implemented for 
power quality improvement at point of common 
coupling (PCC), as shown in Fig 2 
 
 
A.STATCOM  
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Fig 1. Basic model of a STATCOM 
 
Figure 3 shows the basic model of a STATCOM 
which is connected to the ac system bus through a 
coupling transformer. The STATCOM is a shunt-
connected reactive-power compensation device that is 
capable of generating and/ or absorbing reactive 
power and in which the output can be varied to 
control the specific parameters of an electric power 
system. It is in general a solid-state switching 
converter capable of generating or absorbing 
independently controllable real and reactive power at 
its output terminals when it is fed from an energy 
source or energy-storage device at its input terminals. 
Specifically, the STATCOM, which is a voltage-
source converter which when fed from a given input 
of dc voltage, produces a set of 3-phase ac-output 
voltages, each in phase with and coupled to the 
corresponding ac systemvoltage through a relatively 
small reactance (which is provided by either an 
interface reactor or the leakage inductance of a 
coupling transformer). TheDC voltage is provided by 
an energy-storage capacitor. 
 
A STATCOM can improve power-system 
Performance like: 
1. The dynamic voltage control in transmission and 
distribution systems, 
2. The power-oscillation damping in power 
transmission systems, 
3. The transient stability; 
4. The voltage flicker control; and 
5. The control of not only reactive power but also (if 
needed) active power in the connected line, requiring 
a dc energy source. 
Furthermore, a STATCOM does the following: 
1. It occupies a small footprint, for it replaces passive 
banks of circuit elements by compact electronic 
converters; 
2. It offers modular, factory-built equipment, thereby 
reducing site work and Commissioning time; and 
3. It uses encapsulated electronic converters, thereby 
minimizing its environmental impact. 
A STATCOM is analogous to an ideal synchronous 
machine, which generates abalanced set of three 
sinusoidal voltages at the fundamental frequency with 
controllable amplitude and phase angle. This ideal 
machine has no inertia, is practically instantaneous, 
does not significantly alter the existing system 
impedance, and can internally generate reactive (both 
Capacitive and inductive) power. 

B.Wind Energy Generating System 
 

 
Fig. 2 Grid connected System for power quality 

Improvement 
 
 
In this configuration, wind energy generation is 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 ρAV3

wind……… (1) 
 
Where ρ = air density (kg/m3) , A = area swept out 
by turbine blade (m ),  Vwind = wind speed ( m/s). 
It is not possible to extract all kinetic energy of wind. 
Thus extracts a fraction of the power called power 
coefficient ‘Cp’ of the wind turbine, and is given by:- 
 
Pmech = Cp P wind----------- (2) 
 
The mechanical power produced by wind turbine is 
given by:- 
 
Pmech= ½ ρΠR2V3

windCp----------(3) 
 
Where, R = Radius of the blade (m). 
 

C.System Operation 

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. The STATCOM Compensator output 
is varied according to the controlled strategy, so as to 
maintain the power quality norms in the gridsystem. 
The current control strategy is included in the control 
scheme that defines the functional operation of the 
STATCOM compensator in the power system. A 
single STATCOM using insulated gate bipolar 
transistor is proposed to have a reactive power 
support, to the induction generator and to the 
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nonlinearload in the grid system. The main block 
diagram of the system operational scheme is shown in 
fig 3. 
. 

 
Fig.3.System operational schemes in grid system. 

 
 
 

 
Fig.4. Control system scheme 

IV. Control Scheme 

The first control scheme approach is based on 
injecting the currents into the grid using hysteresis 
currentcontroller. The controller uses a hysteresis 
currentcontrolled technique as shown in Fig 4. Using 
such a technique, the controller keeps the control 
system variable between the boundaries of hysteresis 
area and gives correct switching signals for 
STATCOM operation. The current controller block 
receives reference current and actual current as inputs 
and are subtracted so as to activate the operation of 
STATCOM in current control mode. 
The control algorithm needs the measurements of 
several variables such as three-phase source current , 
source 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 mode. 

A. Grid Synchronization 

In the three-phase balance system, the RMS source 
voltage amplitude is calculated from the source phase 
voltages (Vsa, Vsb, Vsc) and is expressed as sample 
template (sampled peak voltage),Vsm: 
 
Vsm=√{2/3(V2

sa+V2
sb+V2

sc)} -------(4) 
 
The in-phase unit vectors are obtained from source 
voltage in each phases and the RMS value of unit 
vector is shown below. 
 
Usa =Vsa/Vsm 
Usb =Vsb/Vsm ------------------- (5) 
Usc =Vsc/Vsm 
 
The in-phase reference currents generated are derived 
using in-phase unit voltage template as shown below. 
 
i*sa=I* usa,   i*sb=I*usb,   i*sc= 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. 

 

B. Hysteresis Current Controller 

It is implemented in the current control scheme. The 
reference current is generated as in equation (6) and 
actual current are detected by current sensors and are 
subtracted for obtaining a current error for a 
hysteresis based current controller. Thus the ON/OFF 
switching signals for IGBTs of STATCOM 
arederived from hysteresis controller. 
 
The switching function SA for phase ‘a’ is expressed 
as  
 
isa<(i*sa –HB)  →SA =0 
isa> (i*sa –HB)  →SA =1   -----------------(7) 
This is same for phases ‘b’ and ‘c’ 

 
V.System Performance 

 

A.Voltage Source 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. The choice of narrow 
hysteresis band switching in the system improves the 
current quality.  
The control system scheme for generating the 
switching signals to the STATCOM is shown in Fig. 
The control algorithm needs the measurements of 
several variables such as three-phase source current 
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iSabc , source voltage VSabc and inverter current. The 
current control block, receives an input of reference 
i*Sabc current and actual current iSabc are subtracted so 
as to activate the operation of STATCOM in current 
control mode.  

The proposed control scheme is simulated using 
MATLAB/SIMULINK in power system block set. 
The simulation parameters used for the system is 
given TABLE I.     

Table I 
System Parameters 

 
Sr. 
No. 

Parameter Rating 

1 Grid voltage 3phase ,415 volt 50Hz 
2 Induction 

Generator 
275 KVA , 415 volt 50 Hz 
speed 1440 rpm 

3 Line Series 
inductance 

6.37mH 

4 Inverter 
parameter 

DC link voltage 800V 
Switching frequency 2KHz 

5 Load 
Parameter 

Non Linear Load 25kW 

6 Wind Turbine Base Wind Speed=11m/s, 
Pitch angle (β)= 0 deg 
 

B.STATCOM- Performance under Various Load 
variations 
 
The wind energy generating system is connected with 
grid having the nonlinear load. The performance of 
the system is measured by switching the STATCOM 
at time t= 0.3 s in the system. 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. This 
additional demand is fulfil by STATCOM 
compensator. Thus, STATCOM can regulate the 
available real power from source. The results of 
source current are shown in Fig. 6 (a) and 6 (b) 
respectively.While the result of injected current from 
STATCOM are shown in Fig.10. 
 
C.POWER QUALITY IMPROVEMENT 
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. The source current with and 
without STATCOM operation is shown in Fig.6(a) 
and 6(b). This shows that the unity power factor is 
maintained for the source power when the 
STATCOM is in operation. The current waveform 
before andafter the STATCOM operation is analysed. 
The Fourier analysis  is expressed and the THD of 
this source voltage at PCC with and without 
STATCOM is 7.72% and 11.52% respectively , as 
shown in Fig.13(a) and 13(b) respectively 
. 
 

D.SIMULATION RESULTS 
 

 
Fig.4. Simulink diagram of the Wind Energy 

Generating system 
 

 

 
Fig.5. STATCOM Simulink Model 

 

 
Fig 6. Control scheme Simulink model 

 

 
Fig.7(a).Three phase source voltage before 

STATCOM 
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Fig.7(b). Three phase source voltage after 
STATCOM 

 

Fig.8(a) Three phase source current before 
STATCOM 

 

Fig.8(b) Three phase source current after STATCOM 

 
 

Fig.9 Supply voltage at PCC before and after 
STATCOM 

 
 

Fig.10.Three phase injected inverter current 

 

 
 

Fig.11(a) Voltage at wind generator system before 
STATCOM 

 

 
Fig.11(b) Voltage at wind generator system after  

STATCOM 
 

 
 

Fig.12(a) Load voltage before STATCOM 
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Fig.12(b) Load voltage after STATCOM 

 
 
Fig.13(a)THD of voltage at PCC before STATCOM 

 

 
 

Fig.13(b)THD of voltage at PCC after STATCOM 

CONCLUSION 
 
The paper presents the STATCOM-based control 
scheme for power quality improvement in grid 
connected wind generating system with non-linear 
loads. The operation of the STATCOM is simulated 
using two controllers: Hysteresis current controller 
and PI 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. 
The THD analysis revealed that the PI controller is 
good compared to Hysteresis controller. The PI 
controller is simpler and has faster response. The 
integrated wind generation and STATCOM with PI 
controller have shown the outstanding performance. 
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