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Abstract :  In a wind energy system that is connected into the grid, this study examines ways to enhance power quality for efficient 

power transfer. The technology converts wind energy using a farm of renewable energy sources. The production of renewable farm 

energy sources and AC loads frequently disturb the system. Reactive power imbalance results from this, leading to problems with 

voltage instability and power quality. A static synchronous compensator or other variable reactive power source can be used to 

close this gap. To assess the system's dynamic and transient performances, three case scenarios are tested: (A) standalone mode, 

(B) grid-integrated without STATCOM mode, and (C) grid-integrated with STATCOM mode. The outcome will depend on the 

wind system fault that was caused, which will be classified and controlled by STATCOM. 

 

Index Terms - Grid, Power Quality, STATCOM, Wind Turbine. 

I. INTRODUCTION 

The most significant alternative source of electricity is renewable energy. Out of these renewable energy sources one of the 

better alternatives is wind power. One of the cleanest energy forms is wind energy because it doesn't pollute. In general, wind farms 

are made up of numerous wind turbines connected to one another and produce little power, but when power converters and 

transformers are connected, the power generated increases.  

The majority of wind farms use DFIG/PMSG technology. Induction generators are used because they have the capability of 

producing useful power at a range of rotor speeds. While considering grid summation with wind farms, it is important to keep in 

mind that electrical system fluctuations are brought on by strong wind penetration. Powerfulness so leaves its mark. Power quality 

is referred in another word as the quality of voltage, current, and frequency that deviates under certain conditions and results in a 

failure of the power system. Therefore, the ideal power supply is a waveform which is smooth in sinusoidal form of voltage and 

frequency in a set tolerance that allows the equipment to operate as intended. Poor power quality will result if a disturbance of any 

size and frequency is discovered. Power quality is issue of conversation in utilities, manufacturers, and from producers to 

consumers. Sensitive equipment needs to be maintained and protected, from the generation section to the consumption section, 

because they are used to fail more than anything and do so at a time when the power supply is interrupted or even destroyed. 

Consequently, the significance of power quality and the issues related to it become apparent.  

Over/under voltages caused by voltage fluctuations can have unfavorable effects like making lighting devices flicker. Voltage 

sag might result in overloading issues like sporadic lockup. However, voltage swell can harm the electrical machinery. Introduced 

harmonics can cause losses in electrical equipment and potentially overheat the system's transformers and motors. The system's 

motors and other frequency-sensitive components are most impacted by variations in power frequency. The majority of problem-

based scenarios in an electrical power system arise from the interconnection of generators, highly rated transformers, and the 

variable loads. As a result of the various uncertainties, maintaining clean and reliable power is increasingly difficult. The 

fundamental prerequisite for integrating non-conventional energy (NCE)sources is its roughly constant rotor speed. Voltage sags, 

voltage swells, flickers, harmonics, etc. are a few of the different power quality problems related to wind systems.  

  

 

II. POWER QUALITY-RELATED PROBLEMS 

2.1. Grid-side power quality issues 

Utility companies are accountable for the quality of the power on the system. Utility must ensure that the power provided satisfies 

customer needs and does not go beyond the bounds of the standards that define power quality. From the perspective of the client, the 

grid power's high harmonic content and voltage changes are particularly undesirable since they impair the functionality of the final 

apparatus. The IIPs who planned the wind power plant place a high priority on the profile of voltage of the evacuation substations. 
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A. Voltage Variation 

One issue caused by wind energy's intermittent nature is volatility in bus voltage in areas with significant RE penetration. The 

majority of wind generators use induction generators to run electronic circuits, which need reactive power to function. When 

inefficient methods of reactive power management are used, voltage sag or swell is seen. An unstable power system may result from 

forced tripping of lines or cascading tripping when voltage exceeds the controlled limit. The power factor of the evacuation substation 

is often kept close to unity, ideally slightly trailing. 

 

B. Voltage Transient 

Voltage transients are mostly caused by faults in the network of power system, capacitor switching. The STATCOM system 

responds to voltage transients well. 

 

2.2. WTG side Power quality issues 

Quality of power in wind power generation system is primarily affected by the quality of the current waveform generated or 

pulled by the wind turbine. The efficiency of the loads linked to the grid is impacted by poor power quality. 

 

 A. Reactive Power Consumption 

Induction generators produce active power while simultaneously generating reactive power in order to produce their working 

flux. Given that induction generators are favored most often for turbine generators of wind, a farm of wind requires a significant 

quantity of reactive power collectively. 

In order to attain a rotor speed for maximum wind energy drawing, devices of electronic power conversion must be used in wind 

turbine generators because the wind speed is not constant. Reactive power is also needed for power electronic gadget operation. When 

supplying this demand for reactive power, either a STATCOM system or a capacitor arrangement is employed to prevent voltage 

stability issues. 

 

B. Current Harmonics Generation 

The wind turbine generators' use of capacitors is crucial for meeting the requirement for reactive power. Large voltage transients 

could be caused via capacitor switching. Such transients have a huge frequency and amplitude, especially when instant switching is 

involved, like when switching capacitor banks. The insulation may be harmed by overvoltage, and because electronic devices like 

controllers are so sensitive to these transients, they may issue the wrong commands. Additionally, strikes of lightning will result in 

overvoltage in a wind turbine's electrical system. 

 

2.3. Electrical Noise 

On both sides of the grid system, high frequency signals are being conveyed. These lead to radio interference, which deteriorates 

telecommunications equipment. The diagrammatic representation of the signal, which has a high frequency and magnitude, is shown 

in the figure. According to the utilities, one of the significant examples is Corona, producing a hissing noise that disturbs the consumer. 

 

2.4. Voltage Unbalance 

The term "voltage unbalance" refers to the phase voltage's variation. Most of the time, motors can handle a 2% voltage imbalance. 

Transformers, generators, and other site equipment overheat when there is a voltage imbalance of more than 2%. 

 

2.5. Flickr 

The most frequent problem in wind systems is a continual and rapid shift in magnitude of voltage. Its magnitude ranges from 0.94 

to 1.04 times the rest voltage. Wind turbines send constant power to the output side during typical working conditions, however due 

to changes in wind speed, voltage fluctuations occur. Voltage (V) flicker is caused by intermittent loads, motor starters, and arc 

furnaces, and it irritates both utility personnel and end customers and flickering light. Static VAR system is the power conditioning 

component employed in this. 

 

III. CONCEPT OF HARMONICS 

3.1. Harmonics Distortion 

Harmonic distortion is the nothing but the deviation  in periodic form of a voltage/current sine wave from a constant sinusoidal 

wave. It occurs when the frequency of the multiple integers of the frequency, which is fundamental, is multiplied by the voltage or 

current's pure sinusoidal waveform. Therefore, fundamental frequency’s integer multiples are used to define harmonics. Total 

harmonic distortion (THD) is a measurement that includes all waveform values that have been distorted. 

 

3.2. Sources of Harmonics Distortion 

Power electronics converters are in charge of producing harmonics at the generation end. Harmonic production occurs at the 

receiving end due to non-linear loads. Computers, arc furnaces, televisions, mercury lamps, variable speed drives, medical diagnostic 

tools, and fluorescent lights are a few examples of nonlinear loads. Harmonics are produced for other reasons, including as saturation 

of transformer, resonance, and SMPS. 

 

3.3. Effect of Harmonics Distortion 

Harmonic distortion causes harm to consumer electronics as well as the transmission and distribution networks. Harmonic 

distortion causes the electric motor to operate beyond its design capacity, the fuses to behave improperly, the circuit breakers to 

malfunction, the variable speed drives to trip, incorrect power measurements, the motors and transformers to overheat, harm to the 

power factor correction capacitors in the electrical equipment. 
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3.4. Harmonics distortion reduction 

Active conditioners, input chokes, filters which are passive, isolation transformers, and FACTS devices such as STATCOM, 

DVR, and SVC will all help to lessen harmonics. 

 

IV. IMPROVEMENT OF POWER QUALITY’S METHODOLOGY 

The STATCOM-based VSI which is current control enhances power factor and power quality by injecting current inside the grid 

to balance the passive and harmonic components of the load & generator current of induction. The current is produced by measuring 

and synchronizing the grid voltages to achieve these objectives. Installing the suggested grid-linked technology will enhance power 

quality at the common coupling point (PCC). 

 

4.1. System for generating wind energy 

Pitch control turbines and constant speed topologies are used in this configuration to generate wind. Due to its simplicity, lack of 

requirement for a separate field circuit, capacity to handle both constant and variable loads, and built-in short circuit safety, the 

generator is used in the suggested scheme.  

 

4.2. STATCOM  

Best configuration STATCOM is the acronym for Static Synchronous Compensator. It is a member of the FACTS family of tools 

for producing and/or absorbing passive power. The STATCOM's o/p current can be limited without using system voltage which is in 

AC. 

STATCOM's main responsibility is to restore stability to the wind farm after a disruption. A STATCOM consists of a VSI-two 

level voltage source converter, a coupling transformer connected in a shunt to the AC supply system, a voltage source which is dc 

supply, that functions as energy storage gadget, control devices, and other components.  

DC voltage of energy storage device is transformed into 3 phase ac for grid use via the Vsc. It is a Vsc of the IGBT variety. The 

ac o/p voltage via STATCOM is coupled by the coupling transformer's reactance, which is in phase with the supply voltage, to the 

PCC. To control the overall performance of STATCOM, control signal is delivered to the transformer's VSC. This helps to limit 

active & passive power. Capacitive STATCOM gives passive power when the system voltage is less, while inductive STATCOM 

takes reactive power when the system voltage is more (inductive STATCOM). Fig. 1 displays the STATCOM's one-line diagram. 

                                                                

 
 

Fig.1 STATCOM Basic Configuration 

 

The following equations provide the actual and reactive power that the STATCOM has injected, 

 

𝑃 =
𝑉1𝑉2𝑠𝑖𝑛𝛿

𝑋
 

 

𝑄 =
𝑉1(𝑉1 − 𝑉2𝑐𝑜𝑠𝛿)

𝑋
 

 

Where, δ= Va's phase angle with respect to Vb real power going is P=0 since Va is provided voltage and Vb is STATCOM’s Vsc 

voltage, in phase with Va (operating in steady state) means δ =0. This leads to two circumstances. 

 
a. V2 <V1, Q goes towards V2 from V1 

 

b. V2 > V1, Q flows from V1 to V2. 

 

As a result, the total number of reactive variables is, 

𝑄 =
𝑉1(𝑉1 − 𝑉2)

𝑋
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Fig. 2 STATCOM controller block diagram 

 

Figure 2 illustrates the control strategy selected for STATCOM. It made up of a PLL circuit that establishes the angle of 

reference which is the abc-dq that is the circuit for Park transformation and syncs with the IGBT (thyristor) voltage with  voltage 
at the grid. Applying the difference between the voltage through PCC (V1) and the reference value (Vref) to regulator block of ac 

voltage results in the production of the current (Iqref). By comparing the injected and absorbed reactive q-current (Iq) with the 

value of reference (Iqref), the inner current regulation loop generates the required control signal, which is then sent back to the 
regulator of ac voltage to generate V2d. To give the reference reactive current, a similar process compares the capacitor's DC 

voltage (Vdc) to a value of reference (Vdc_ref), and the output is a DC voltage block of regulators (Idref). The loop of inner 
current measure the difference of the reactive d-current (Id) with the reference (Idref), producing the required phase angle once 

more. Complete signal output is then passed to the voltage regulator for AC, which creates signal V2q. Now that the signals have 

been delivered, the PWM modulator creates the correct control signals for the STATCOM VSC. The control strategy used by 
STATCOM can be modelled mathematically. 

𝐼𝑞𝑟𝑒𝑓 = (𝑉𝑟𝑒𝑓 − 𝑉1) + (𝐾𝑝 +
𝐾𝑖
𝑠
) 

 

𝐼𝑑𝑟𝑒𝑓 = (𝑉𝑑𝑐_𝑟𝑒𝑓 − 𝑉𝑑𝑐) + (𝐾𝑝 +
𝐾𝑖
𝑠
) 

 

V. ADVANTAGES OF STATCOM 

1. It has a small footprint because it uses small sized electronic converters to replace non active banks of circuit elements. 

2. It provides factory-built, modular equipment, which cuts down on site preparation and time for commissioning . 

3. It uses enclosed electronic converters to reduce its adverse effect on the environment. 

 

VI. APPLICATIONS OF STATCOM 

1. STATCOM is implemented to assist electrical networks that frequently have poor voltage management and a low power factor. 

2. Voltage stability is where STATCOM is most frequently used. 

3. Because a DC capacitor serves as the voltage source, a STATCOM has a relatively limited active power capability. 

 

VII. CONCLUSION 

The power quality characteristics that affect system stability are discussed in this study. The main emphasis is on the connection 

between distortion and rising nonlinear load. Here, the wind power plant's entire system design is completed. The wind farm uses a 

STATCOM-based controller to enhance the system's power quality. At PCC, the primary parameter, THD calculation, is carried out 

under both situations utilizing FFT analysis (with & without STATCOM). It demonstrates how STATCOM reduces harmonics and 

restores the waveform which is sinusoidal  at the PCC. Hence, we can draw the conclusion that STATCOM usage enhances quality 

of power. 
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