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Abstract- The development of the modern power system has led to an increasing complexity in the study of power system, and 

also presents new challenges to power system stability, and in particular, to the aspects of transient stability. Transient stability 

control plays a significant role in ensuring the stable operation of power systems in the event of large disturbances and faults, 

and is thus a significant area of research. Flexible AC transmission system (FACTS) devices can be a solution to these 

problems. They are able to provide rapid active and reactive power compensations to power systems, and therefore can be 

used to provide voltage support and power flow control, better transient stability and improve power oscillation damping. 

Suitably located FACTS devices allow more efficient utilization of existing transmission networks. Among the FACTS family, 

the shunt FACTS devices such as the static synchronous compensator (STATCOM) has been widely used to provide smooth 

and rapid, steady state and transient voltage control at points in the network Maintaining voltage and frequency ride-through 

requirements is essential in providing adequate voltage support and dynamic reactive power compensation. Wind turbines 

have to sustain voltage sags during grid faults by increasing reactive power compensation. The low voltage ride through 

(LVRT) or faults ride-through (FRT) is defined as the ability of wind energy converters to remain connected during faults on 

power system . The matlab simulation outcome demonstrates the overall implementation of wind farm by using just capacitor 

bank and using STATCOM or using STATCOM along with PID controller. Comparison of result shows that STATCOM with 

PID controller offers better performance. 
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I. INTRODUCTION 
 

Nowadays renewable energy has become an era of 

tremendous investigation because of limited natural 

resources. The principal source which is Natural gas 

(24%) in Bangladesh that is about to be evacuated by the 

year 2020 [1]. Using renewable energy sources like wind 

energy [2-5], ocean wave energy [6-9] etc. diminishes the 
environmental collision of generating electricity because it 

needs no fuel and does not affect the environment.  

 

For the adjustments in power system (for example, 

increment in loading, generator achieving reactive power 

limits [10] etc.), voltage stability has been a great concern 

for power system utilities. Induction generator (IG) based 

wind turbine has been used because it can recover energy 

with relatively simple control and it is also cost-effective.  

 

Though the active power produced by consistent speed, 

wind turbines is fluctuated because of the impacts of 
disturbance, the wind slope, the tower shadow and the 

reactive power request of these squirrel-cage induction 

generators have additionally changed.  

Voltage fluctuation can be caused at the point of normal 
coupling (PCC) due to the active and reactive power 

variations. Despite the fact that Capacitor bank is utilized 

to keep up reactive power at consistent state, it can't 

legitimately be controlled to keep the voltage steady.  

 

In wind farms, STATCOM provides the voltage which is 

more stable and it is also cost-effective. With the ever-

increasing use of renewable energy resources, the use of 

STATCOM has become absolutely essential an 

investigation of the critical utilization of 6-pulse 

STATCOM control conspire for grid connected wind 

energy generation gives quicker reaction time and has 
prevalent voltage bolster capacity. Due to the smooth 

operation of voltage and faster response PID controller 

have been used.  

 

With increase in demand for quality electricity, power 

production using various methods of Renewable Energy 

Sources (RES) has come into existence. This has increased 

to a greater extent in recent years and so addressing of 

associated problems with its integration into the existing 

system is required. Initially, installed capacity of wind 
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energy was of a fraction of the existing system and so 

connection into the grid was not of a problem. But with 
increased share, requirement of continuous connection 

with greater reliability, stability of the system, and power 

quality need to be addressed of which voltage stability and 

Low Voltage Ride through (LVRT) need to be 

concentrated more. In this chapter an introduction to wind 

energy and its integration into the grid is presented. In this 

chapter, discussion on objective, problem statement of the 

thesis and its organization is presented. 

 

1. Wind Energy Scenario: 

Wind energy technologies are gaining day by day and this 

fast technological development is useful for scientists, 
electrical engineers, wind turbine manufacturers etc., there 

are many initially in India only 3GW production was there 

till 2011 later the development has reached to a greater 

extent.  

 

The target of the Indian government by 2020 is of 175GW, 

with 100GW of solar power and 60GW of cumulative 

power. The cumulative capacity of 2 Japanese has reached 

to 3038MW whereas the South Korea with 225MW. US 

market reached to 74471MW, Canada of 11.2GW, Mexico 

with 3073MW and Europe with 147.8GW. The total 
installed capacity in India by the end of 2017 March has 

reached to 32.17GW making India as the fifth largest 

electricity generator using wind. Out of these renewable 

power plants constituted 28% of total capacity and Non- 

renewable power plants constituted the remaining 72% 

[4]. The gross electricity generated by utilities is 

1,106TWh and 166 TWh by captive power plants. In order 

to meet the demands of the customers and to meet the 

demand for power generation, production of electrical 

energy using RES has come into existence.  

 

The advantage by going for renewable energy is that it 
reduces losses at the distribution side, cost of the fuel, 

increase in economy, supply and monitoring of 

distribution by the villagers itself, and availability of 

required energy at the customer door step with reasonable 

prices. Out of the various renewable energy sources wind 

energy is one of the important sources of electrical power. 

Hence, importance must be given to study the stability 

concepts with wind farms.  

 

As the production of electrical power using wind energy is 

different from that of the conventional methods, 
integration of this into the existing system will be different 

from that of the regular methods. Electricity generated 

using wind energy has been into existence since a long 

time for various purposes like water pumping, grinding, 

driving and pushing of boats etc. the development of wind 

power in India began in 1986 with its first farm being set 

up in the coastal regions. Since then the interest in wind 

power has increased with new demand for clean and 

sustainable energy sources. Wind power constitutes a 

significant alternative source as it is non -polluting.  

With these demonstration projects the capacity has 

significantly increased in last few years [1]. Although 
India is a relative new comer to Denmark or the United 

States, it has the fourth largest Installed power capacity in 

the world .In the year 2009-10 India's growth rate was 

highest among the other top four countries 

 

II. RELATED WORK 
 
The measurements taken at wind power project and 

220/33 kV substations in Satara district of Maharashtra 

state in India for the comparison of voltage harmonics 

generated by grid connected wind turbines are described. 

The parameters like voltage distortion factor, harmonics, 

and crest factor are monitored. It is concluded that the 

short circuit level of the grid network is very high than the 

wind power penetration into the network; the impact of 

wind turbines on power quality is not significant [2].  

 

STATCOM based on voltage source converter (VSC) 
PWM technique rated at 50 Hz, 50 MVA is used to 

stabilize grid connected squirrel cage wind generator 

system. Fuzzy logic controller (FLC) is used as the control 

methodology of STATCOM, rather than conventional PI 

controller. The voltage sag and swell improvement of 

wind power generation system (WPGS) is compared with 

both fuzzy and PI controller where the simulations have 

been done by PSCAD/EMTDC. It is concluded that 

STATCOM equipped with FLC gives better performance 

than STATCOM equipped with conventional PI controller.  

 

Voltage sag and swell improvement of wind power 
generation system (WPGS) is compared with both fuzzy 

logic controller (FLC) and PI controller. The proposed 

work is carried out for small power system. It is necessary 

to investigate the WPGS connected with D-STATCOM to 

large power system and use of more intelligent controller 

for STATCOM and its interface to large power systems 

addressing various issues such as security, stability, 

voltage profile improvement and power quality. Effect of 

network strength at point of interface on rating and cost of 

STATCOM is not addressed [10] 

 

III. LITERATURE SURVEY 
 

A stability of wind farms rated at 60 MW based on fixed 

speed induction generators (FSIG) and investigates the use 

of SVC and STATCOM for wind farm are presented. 

Wind farm models based on FSIG and equipped with 

either SVC or STATCOM are developed in PSCAD/ 
EMTDC. Stability of FSIG based wind turbine is 

highlighted using torque slip and reactive power slip 

characteristics.  

 

A detailed investigation is conducted on impact of SVC/ 

STATCOM on system recovering after a network fault. 

Influence of SVC/STATCOM ratings and network 

strength on system stability is considered.  
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The performance of SVC and STATCOM is compared 

during disturbances on connected network. It was found 
that SVC and STATCOM considerably improves the 

stability during and after disturbances especially when 

network is weak. Compared to SVC, STATCOM give a 

much better reactive support to the network. The study is 

carried out for 60 MW wind farm. It is necessary to 

investigate the application of STATCOM for large size 

remote wind farms where load centers are far away from 

the point of connection [34]. 

 

X. LUO et. al. [1]  Reduction of Energy Storage Capacity 

in an Isolated Microgrid by Using Smart Load- The 

general concept of smart load (SL) was  Originally 
introduced to provide practical implementation in grid 

power—frequency supports applications. In this paper, a 

specific feature of SL which is composed of a SL 

controller and a linear load is introduced, after that, a 

Comprehensive discussion on the application of SL for 

voltage stabilization and energy storage capacity reduction 

in an isolated micro grid is presented.  

 

The key component of this novel SL is the controller 

which is operated as a series reactive power compensator 

(RPC), unlike the traditional reactive power compensation 
technologies it offers not only reactive power 

compensation but also active power variation in the linear 

load. Results validate the effectiveness of adopting this SL 

for a isolated micro grid with renewable energy source and 

energy storage system. 

 

Abdelazeem et. al. [2] Distribution System Performance 

Enhancement Using Power Filter/Compensator DeviceIn 

this paper, a novel low-cost power /compensator device is 

developed and validated forvoltage stabilization, power 

factor correction and harmonicdistortions mitigation. The 

operation of the powerfilter/compensator device is based 
on the intermittentswitching between a double tuned filter 

and a seriescompensator. The switching process is 

achieved by a pulsesignal generated from pulse-width 

modulation switching. ThePID controller which is used to 

modulate the pulse-widthmodulation is driven by an error 

signal generated from a dualloop traditional controller. 

The Matlab/Simulink softwareenvironment is used as a 

simulation tool.  

 

The results show thatthe power filter/compensator device 

enhances the power factorand improves the voltage profile 
at the system buses. Also thepower filter/compensator 

device has a great affect on the mitigation of harmonic 

distortions of the voltage at the systembuses that is 

downstream it while the enhancement of theharmonic 

distortions is in the current waveforms at the systembuses 

upstream it. 

 

Xinda Song et. al. [3] Active Damping Stabilization for 

High-speed BLDCM Drive SystemBased on Band-Pass 

Filter The tight-speed regulation of the motor drivesystem 

can yield constant power load (CPL) characteristics, which 

may lead to a negative admittance effect and destabilize 
the power supply. In order to overcome this problem, 

active damping compensation techniques have been 

widely used.  

 

However, the conventional active stabilization based on 

the low-pass filter combined with current reference 

injecting need a strong tradeoff between achieving 

effective active compensation and reducing the dynamic 

coupling. For this reason, a novel active damping 

compensation method based on the band-pass filter is 

proposed in this paper. The method is to feedback aportion 

of the dc-link voltage changes into the injecting nodes.  
 

Both the strategies of the current reference stage injecting 

and the voltage reference stage injecting have been 

analyzed. Simulation results show that the strategy of 

voltage reference injecting can avoid the coupling among 

system dynamics and the compensator.  

 

Finally, an experimental driveline platform based on the 

twoidentical high-speed magnetically suspended brushless 

DC (BLDC) motors coupling system is established. 

Experientialresults verify the effectiveness of the proposed 
active stabilization method. 

 

J. You,et.al.[4] Virtual Capacitor Based DBVC and 

Active Damping Method for Cascaded Power Converters 

Stabilization Control It is known that the constant power 

load (CPL)property of load converter can degrade the 

stability of DC busvoltage of cascaded power converters 

system. An idea by combining virtual capacitor (VC) 

based active damping control (ADC) method with DC bus 

voltage conditioner (DBVC) technique for load converter 

is proposed in this paper.  

 
Through implementing common virtual capacitance 

volume requirement, the DC bus voltage can be stabilized 

with reduced DC bus capacitor, the impact from DC bus 

voltage fluctuation to the load converter output voltage 

can be reduced compared with the case by using ADC 

method only, and because the VC method shares part of 

the compensation, the power volume of DBVC can be 

decreased accordingly, this might result in higher power 

densityand lower power loss potentially compared to the 

case with DBVC only. Simulation results are provided to 

demonstrate the validation of the proposed method. 
 

T.T. Nguyen et. al. [5] Model Predictive Control of 

FACTS Devicesfor Power System Transient Stability 

Drawing on the recent availability of, and advancesin, 

high-speed flexible AC transmission systems (FACTS) 

devices, wide-area measurements (WAMs) and high-

performance computer systems, the present paper has the 

objective ofdeveloping a real-time control methodology 

for enhancing and/or maintaining power system transient 

stability. The detailed dynamic model of the power system 
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in the prevailing operatingcondition is first linearized, 

taking into account the systemresponses following 
disturbances. The time-varying linearized power system 

model forms the basis for model predictive control (MPC) 

adopted for developing the methodology. The control is 

subdivided into a number of time horizons in the period 

relevantto the transient stability time frame.  

 

The system dynamic model is used in a predictive mode in 

each time horizon. At the start ofeach time horizon, for 

which the current system dynamicresponse is available via 

WAMs, subsequent system responseswithin the time 

horizon are predicted using the system dynamic model, 

and optimized, subject to FACTS devices operating limits 
to obtain maximum system damping With respect to 

transient Stability.  

 

The variables in the optimization are the FACTS 

devicesinput references. Their optimal values obtained 

from the optimization are used for setting the input 

references to theFACTS devices controllers. The control is 

applied repeatedly forsuccessive time horizons in each of 

which an optimal set of FACTS devices input references is 

derived and implemented. The effectiveness of the control 

methodology developed in the paper isillustrated by 
dynamic simulation using a test power systemhaving a 

FACTS device of the thyristor-controller seriescapacitor 

(TCSC) type. Model Predictive Control of FACTS 

Devices for Power System Transient Stability. 

 

IV. INTERFACING ISSUES OF LARGE 

SCALE WIND FARMS WITH SINGLY FED 

INDUCTION GENERATOR 

 
 Meeting fast reactive power variation during different 

operating conditions of singly fed induction generator 

and response of reactive power generation system 

incorporated with generator. 

 Reactive power support during grid fault to avoid 

voltage collapse and maintain stability of wind generator 
during different fault conditions at different locations 

such as near to generator, near to load & near PCC. 

 Low voltage fault ride through capability under different 

power system faults. 

 Self-excitation issues of singly fed generator with fixed 

capacitor banks during long duration interruption on 

grid. 

 Voltage flicker due to wind fluctuations. 

 

Effect of short circuit ratio on voltage distortion, voltage 

profile, rotor instability, power profile was studied for 
weak grid with SCR less than 3, moderate grid 3 to 5, for 

strong grid more than 5.From simulation result voltage 

harmonic distortion , variation in voltage profile, power 

profile, rotor instability decreases from weak grid to strong 

grid. 

Effect of wind turbulence on wind speed fluctuations was 

studied without and with pitch angle control. Without 
pitch angle control, effect of wind turbulence results into 

variation in wind speed and power fluctuations. Effect of 

wind turbulence intensity and its effect on wind speed and 

power fluctuations are minimized using pitch angle control 

wind speed and power fluctuations. Effect of wind 

turbulence intensity and its effect on wind speed and 

power fluctuations are minimized using pitch angle 

control. 

 

Without using of STATCOM, low voltage fault ride 

through capability of doubly fed induction generator is 

governed by type of fault as well as duration of fault. Ride 
through capability of DFIG is better for LLL-G, LL, 

followed by LL-G and LG fault. Low voltage fault ride 

through capability is lowest in case LLL fault. Hence 

while providing solutions to enhance ride through 

capability and sizing of power conditioning devices it is 

necessary to consider type of fault.  

 

STATCOM was modeled and interfaced at PCC to 

mitigate the power quality, reactive power, stability, low 

fault ride though capability. Implementation of 

STATCOM provides reactive power requirement during 
steady state as well as transient operation resulting into 

better low voltage ride through capability for different 

fault conditions leading better stability. Cost benefit 

analysis related with reactive power with STATCOM is 

presented. STATCOM system meets the rapid reactive 

power requirement during different operating conditions 

of wind turbine as well as steady state and transient 

conditions of grid. 

 

V. CONCLUSION 
 

The results will be indicates that the STATCOM is more 

effective to stabilize the RMS voltage and terminal voltage 

over capacitor bank. STATCOM along with PID 
controller can effectively stabilize the wind farm voltage 

more smoothly than capacitor bank by providing sufficient 

reactive power to the wind farm.  

 

So the STATCOM system is more efficient STATCOM. 

Voltage control loop with PID controller and Pulse Width 

Modulation (PWM) will bw used for controlling purpose 

of the STATCOM In this portion, the simulation results of 

a wind farm along with induction generator are exposed 

using MATLAB simulation.  

 
The wind farm is connected with STATCOM and 

capacitor bank to compensate the reactive power. 

Simulation results have been compared along with 

necessary graphs, RMS voltage (with & without) PID 

controller Terminal,Voltage of Induction Generator 

Reactive power (MVar),Wind Speed (m/s), Real Power 

with capacitor bank (MW), Real Power with STATCOM 

using PID Controller. 
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