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Abstract—Injection of the wind power into an electric grid affects the power quality. The performance of the wind 
turbine and thereby power quality are determined on the basis of measurements and the norms followed according to 
the guideline specified in International Electro-technical Commission standard, IEC-61400. The influence of the wind 
turbine in the grid system concerning the power quality measurements are-the active power, reactive power, 
variation of voltage, flicker, harmonics, and electrical behaviour of switching operation and these are measured 
according to national/international guidelines. The paper study demonstrates the power quality problem due to 
installation of wind turbine with the grid. In this proposed scheme STATIC Compensator (STATCOM) is connected 
at a 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. The STATCOM 
control scheme for the grid connected wind energy generation system for power quality improvement is simulated 
using MATLAB/SIMULINK in power system block set. The effectiveness of the proposed scheme relives the main 
supply source from the reactive power demand of the load and the induction generator. The development of the grid 
co-ordination rule and the scheme for improvement in power quality norms as per IEC-standard on the grid has 
been presented. The entire system can be compared with the performance of SCIG and DFIG operations. 

                                            I.INTRODUCTION 

To have sustainable growth and social progress, it is necessary to meet the energy need by utilizing the 
renewable energy resources like wind, biomass, hydro, co-generation, etc. In sustainable energy system, energy 
conservation and the use of renewable source are the key paradigm. The need to integrate the renewable energy 
like wind energy into power system is to make it possible to minimize the environmental impact on conventional 
plant. The integration of wind energy into existing power system presents a technical challenges and that 
requires consideration of voltage regulation, stability, power quality problems. 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. 

There has been an extensive growth and quick development in the exploitation of wind energy in recent 
years. The individual units can be of large capacity up to 2 MW, feeding into distribution network, particularly 
with customers connected in close proximity. Today, more than 28,000 wind generating turbines are successfully 
operating all over the world. In the fixed-speed wind turbine operation, all the fluctuation in the wind speed are 
transmitted as fluctuations in the mechanical torque, electrical power on the grid and leads to large voltage 
fluctuations. During the normal operation, wind turbine produces a continuous variable output power. 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 network needs to manage for such fluctuations. The power quality issues can be viewed with 
respect to the wind generation, transmission and distribution network, such as voltage sag, swells, flickers, 
harmonics etc. However the wind generator introduces disturbances into the distribution network. 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. A proper control scheme in wind energy generation system is required under normal 
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operating condition to allow the proper control over the active power production. 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. 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. 

               • Simple bang-bang controller for STATCOM to achieve fast dynamic response. 
 

II.POWER QUALITY 
The contemporary container crane industry, like many other industry segments, is often enamoured by 

the bells and whistles, colourful diagnostic displays, high speed performance, and levels of automation that can 
be achieved. Although these features and their indirectly related computer based enhancements are key issues to 
an efficient terminal operation, we must not forget the foundation upon which we are building. Power quality is 
the mortar which bonds the foundation blocks. Power quality also affects terminal operating economics, crane 
reliability, our environment, and initial investment in power distribution systems to support new crane 
installations.  
 

To quote the utility company newsletter which accompanied the last monthly issue of my home utility 
billing: ‘Using electricity wisely is a good environmental and business practice which saves you money, reduces 
emissions from generating plants, and conserves our Natural resources.’ As we are all aware, container crane 
performance requirements continue to increase at an astounding rate. Next generation container cranes, already 
in the bidding process, will require average power demands of 1500 to 2000 kW – almost double the total 
average demand three years ago. The rapid increase in power demand levels, an increase in container crane 
population, SCR converter crane drive retrofits and the large AC and DC drives needed to power and control 
these cranes will increase awareness of the power quality issue in the very near future. 

 
Any power problem that results in failure or disoperation of customer equipment, manifests itself as an 

economic burden to the user, or produces negative impacts on the environment. 
When applied to the container crane industry, the power issues which degrade power quality include: 

 Power Factor. 
 Harmonic Distortion. 
 Voltage Transients. 
 Voltage Sags or Dips. 
 Voltage Swells. 

                 
                                                                 Fig.1 Basic proposed mode 
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III. BESS-STATCOM 

The battery energy storage system (BESS) is used as an energy storage element for the purpose of 
voltage regulation. The BESS will naturally maintain dc capacitor voltage constant and is best suited in 
STATCOM since it rapidly injects or absorbed reactive power to stabilize the grid system. It also controls the 
distribution and transmission system in a very fast rate. 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 [10]–[14]. 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 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 grid system. 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 nonlinear 
load in the grid system. The main block diagram of the system operational scheme is shown in Fig. 2. 

                                           IV.CONTROL SCHEME 

The control scheme approach is based on injecting the currents into the grid using “bang-bang 
controller.” The controller uses a hysteresis current controlled technique. Using such technique, the controller 
keeps the control system variable between boundaries of hysteresis area and gives correct switching signals for 
STATCOM operation.The control system scheme for generating the switching signals to the STATCOM is 
shown in Fig. 3.  
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The control algorithm needs the measurements of several variables such as three-phase source current isabc, 
DC voltage Vdc, inverter current isabc with the help of sensor. The current control block, receives an input of 
reference current isabc* and actual current isabc are subtracted so as to activate the operation of STATCOM in 
current control mode. 

 

                                                              Fig.4 matlab/simulink circuit representation 

 

Fig.5 STATCOM output voltage 
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                                          Fig.6 (a) DC link voltage. (b) Current through Capacitor 

 

    Fig.7 (a) Source Current. (b) Load Current. (c) Inverter Injected Current. (d) Wind generator (Induction      
                   Generator) current. 

                                                        Fig.8 Three phase injected inverter Current 
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                                                        Fig.9 Supply Voltage and Current at PCC 

 

Fig.10 DFIG representation 

 

Fig.11 SCIG representation 
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Fig.12 scig output waveforms 

                                                     CONCLUSION 

The paper presents the STATCOM-based control scheme for power quality improvement in grid 

connected wind generating system and with non linear load. The power quality issues and its consequences on 

the consumer and electric utility are presented. The operation of the control system developed for the 

STATCOM-BESS in MATLAB/SIMULINK for maintaining the power quality is simulated. It has a capability 

to cancel out the harmonic parts of the load current. It maintains the source voltage and current in-phase and 

support the reactive power demand for the wind generator and load at PCC in the grid system, thus it gives an 

opportunity to enhance the utilization factor of transmission line. The integrated wind generation and 

STATCOM with BESS have shown the outstanding performance.  Thus the proposed scheme in the grid 

connected system ful fills the power quality norms as per the IEC standard 61400-21. And the simulation 

comparisons between SCIG and DFIG observed. 
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