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Abstract: In this paper we introduce E-STATCOM (Energy 

Storage Static Synchronous Compensator) with MPC (Model 

Predictive Control) compensating the grid system with 

adaptive power oscillation damping. We consider an 11-bus 

system with four conventional sources connected through a 

two line transmission system. Transfer of active power and 

reactive power through the bus is been observed with E-

STATCOM connected at different locations and compared 

with RLS (recursive least square) controller and MPC 

controller. Analysis of the design is carried out in Matlab 

Simulink software with all graphical representations. 
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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[1]. 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 [2]. 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 [3]. Today, more than 28 000 wind 

generating turbine 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 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.  

The considered test system is shown below in fig. 1 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1. 11-bus test system. 
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II. PWM INVERTER  

The pulse width modulation technique is generally used 
for the conversion of DC to AC waveforms. A full bridge 
inverter with six IGBTs can be used to convert DC to three 
phase AC. Each phase has to be phase shifted to each other 

by 120
0
 and has to be in synchronization with the grid to 

which it is being connected. The pulses are to be given to the 

IGBTs are generated with a reference or fundamental 
waveform compared with a triangular waveform. The 
fundamental waveform has the frequency of the grid and the 
triangular or carrier waveform has higher frequency to create 
a modulation signal. The diagram of the fundamental and the 

carrier waveform are shown below in fig. 3. Six pulses are 
formed by applying NOT gates to the three pulses produced 
by the comparison of the fundamental and carrier 
waveforms. The generated pulses are fed to the VSI (Voltage 

source Inverter) with G1 G2 G3 G4 G5 and G6 switches. A 
simple construction of VSI is shown in fig. 2. 

 

The rating of IGBT is taken as  
Internal resistance Ron = 0.001 ohms  
Snubber resistance Rs = 100 kohms  
Snubber capacitance Cs = 1F 
 

Due to the impedance load the load current gets ceased 

during sudden switch OFF of the IGBT switch and generate 

high voltage peaks in the output voltage. To avoid this an 

anti parallel diode is attached to the switch (IGBT) so that 

the inductor current from the impedance load can pass 

through the diode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.2. Generation of pulses with respect to reference 

fundamental waveforms. 
 

The higher the carrier frequency the lower the harmonics 
developed by the inverter. To eliminate the minimum 
harmonics we also use LC filter to filter the higher order 

 (1) 

(2) 

 

Fig. 3. Effect of change in amplitude of sinusoidal 
waveform. 

III. RLS ALGORITHM 

The selection is a tradeoff between a good selectivity 

for the estimator and its speed of response. A high 

forgetting factor results in low estimation speed with good 

frequency selectivity. With increasing estimation speed 

(decreasing ), the frequency selectivity of the algorithm 

reduces. For this reason, the conventional RLS algorithm 

must be modified in order to achieve fast transient 

estimation without compromising its steady-state 

selectivity. In this paper, this is achieved with the use of 

variable forgetting factor as described in [13]. 

(
4) When the RLS algorithm is in steady-state, its 

bandwidth is determined by the steady-state forgetting 
factor f a rapid change is detected in the input . This 
frequency is dependent 

 

The modulation index in PWM waveform is controlled 
by controlling the amplitude of the fundamental 
waveform. By reducing amplitude of the sinusoidal wave 
the space between the pulse is increased reducing the 
amplitude of the PWM waveform. The phase of the 
reference wave considered decides the phase of the PWM 
waveform. 

 

(
3) Where Vm= maximum voltage ie., amplitude of 

sinusoidal waveform which is ‘1’ 

 harmonics from the three phase AC voltage waveforms. 
The three sinusoidal fundamental waveforms are 
generated as 
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on the system parameters and its operating conditions. If the no mechanical damping and the initial steady-state speed of  
frequency content of the input changes, the estimator will the generators set to 

give rise to a phase and amplitude error in the estimated  
quantities. Therefore, a frequency adaptation mechanism as  
described in [14] is implemented to track the true oscillation  
frequency of the input from the estimate of the oscillatory  
component. 
 
 
 
 
 
 
 
 

 

Fig. 4. Control structure of E-STATCOM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5. Internal modeling of RLS control. 

 

The mathematical model of the system in Fig. 5 is 

developed in this section to investigate the performance of 
the POD controller using active and reactive power injection. 

Using the expressions in (6)–(7) for 
 
 
 
 
 
 

(5)  
Linearizing around an initial steady-state operating point, 

the small-signal dynamic model of the two-machine system 

with the E-STATCOM in per unit is developed as in 
 
 
 
 
 
 
 
 
 

 

This represents the rotor angle difference between the two 
generators and other signals as defined previously. Assuming 

 
 
 
 
 
 
 
 
 

 

IV. SIMULINK MODEL AND RESULTS  
As an example for the analysis in this section, a 

hypothetical 20/230 kV, 900 MVA transmission system 

similar to the one in Fig. 6 with a total series reactance of 

1.665 p.u. and inertia constant of the generators are 

considered. The leakage reactance of the transformers and 

transient impedance of the generators are 0.15 p.u. and 0.3 

p.u., respectively. The movement of the poles for the system 

as a function of the E-STATCOM location is shown in Fig. 

7. With the described control strategy, injected active power 

is zero at the point where the effect of active power injection 

on damping is zero. This is at the electrical midpoint of the 

line. On the other hand, at the same location damping by 

reactive power injection is maximum. The reverse happens at 

either end of the generators. Thanks to a good control of P & 

Q it is also possible to see from Fig. 6 that a more uniform 

damping along the line is obtained by using injection of both 

active and reactive power. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 6. Simulink design of 11bus test system. 

 

With the POD controller structure described in Fig. 4, the 

performance of the E-STATCOM following the fault at three 

different locations is shown in Fig. 8. As described in the 

small-signal analysis for two-machine system in Section IV, 

when moving closer to the generator units, a better damping 

is achieved by active power injection (see Fig. 8, black solid 
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plots). With respect to reactive power injection, maximum 

damping action is provided when the E-STATCOM is 

connected close to the electrical midpoint of the line and the 

level of damping decreases when moving away from it (see 

Fig. 8, gray solid plots). Because of a good choice of signals 

for controlling both active and reactive power injection, 

effective power oscillation damping is provided by the E-

STATCOM irrespective of its location in the line (see Fig. 8, 

black dashed plots) and shown in Figs.9 and 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 7. E-Statcom. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 8. Control design. 
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Fig. 9. RLS control. 
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Fig. 10. MPC control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Comparison of Pinj and Qinj with RLS and MPC 

controllers.  
V. CONCLUSION  

With the above comparison results with RLS and MPC 

controllers of Pinj and Qinj at bus 8 of the test system when 

E-Statcom is connected at bus 7. A balanced fault is given at 

bus 8 for 0.012sec from 0.05 to 0.062 secs and the damping 

of Pinj and Qinj is observed. From fig. 11 it can be observed 

that the Pinj and Qinj (dotted waveforms) with RLS 

algorithm has more damping than Pinj and Qinj (solid 

waveforms) with MPC controller. 
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