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Abstract— This method deals with the design of an adaptive 

power oscillation damping (POD) controller used for a static 

synchronous compensator (STATCOM) which is equipped 

with energy storage. The adaptive techniques like fuzzy logic 

controller, PID controller, algorithm, etc., can be used to 

achieve it which allows a fast, selective, and adaptive 

estimation of the low-frequency electromechanical 

oscillations from locally measured signals during power 

system disturbances. The method employed here is based on 

variable DC voltage control and constant modulation index 

based method. This method is effective because it increases 

the damping of the system not only at the frequencies of 

interest but also in the case of system parameter uncertainties 

and at various connection points of the compensator. To make 

the most effective use of active and reactive power injection 

at various connection points of the STATCOM, a control 

strategy will be derived using the simplified model in 

MATLAB simulink using simpower system toolbox. For 

implementing it, a small-signal analysis of the dynamic 

performance of the proposed control strategy will be carried 

out. The simulation and experimental results are used to 

verify the effectivity of the proposed control method to 

provide power oscillation damping despite of the connection 

point of the device and in the presence of system parameter 

uncertainties. 

Key words: Energy Storage, Low-Frequency Oscillation, 

Power Oscillation Damping (POD), Static Synchronous 

Compensator (STATCOM) 

I. INTRODUCTION 

In recent years, there is tremendous growth in size and 

complexities of electric power system with increase in 

number of inter connections to mitigate the increased electric 

power demand. Many challenging problems are being faced 

by modern electric power utilities due to ever increasing 

demand and voltage is attending instability due to increases 

in loss and various power quality problems. So, new long 

distance, large power transmission lines are difficult to 

construct due to economic, social and environmental 

problems. Many FACT technologies have been developed on 

the basis of the above back ground. Furthermore, as a typical 

FACT devices, static synchronous compensator(STATCOM) 

has been developed and put in operation at distribution level 

to mitigate power quality and maintain voltage, power 

oscillation damping at transmission level by reactive power 

control[1]-[2].With recent advances in energy storage 

technology by equipping the STATCOM with an energy 

storage system connected to dc link of the converter has now 

become feasible for steady state voltage control and 

elimination of power system disturbances[5]. 

STATIC synchronous compensator (STATCOM) is 

a key device for reinforcement of the stability in an AC power 

system. This device has been applied both at distribution level 

to mitigate power quality phenomena and at transmission 

level for voltage control and power oscillation damping 

(POD) [1]–[3]. Although typically used for reactive power 

injection only, by equipping the STATCOM with an energy 

storage connected to the dc-link of the converter, a more 

flexible control of the transmission system can be achieved 

[4], [5]. An installation of a STATCOM with energy storage 

is already found in the U.K. for power flow management and 

voltage control [6]. The introduction of wind energy and 

other distributed generation will pave the way for more 

energy storage into the power system and auxiliary stability 

enhancement function is possible from the energy sources [7]. 

Because injection of active power is used temporarily during 

transient, incorporating the stability enhancement function in 

systems where active power injection is primarily used for 

other purposes [8] could be attractive. 

Low-frequency electromechanical oscillations 

(typically in the range of 0.2 to 2 Hz) are common in the 

power system and are a cause for concern regarding secure 

system operation, especially in a weak transmission system 

[9]. In this regard, FACTS controllers, both in shunt and 

series configuration, have been widely used to enhance 

stability of the power system [1]. In the specific case of shunt 

connected FACTS controllers [STATCOM and static var 

compensator (SVC)], first swing stability and POD can be 

achieved by modulating the voltage at the point of common 

coupling (PCC) using reactive power injection. 

However, one drawback of the shunt configuration 

for this kind of applications is that the PCC voltage must be 

regulated within specific limits (typically between 10% of the 

rated voltage), and this reduces the amount of damping that 

can be provided by the compensator. Moreover, the amount 

of injected reactive power needed to modulate the PCC 

voltage depends on the short circuit impedance of the grid 

seen at the connection point. Injection of active power, on the 

other hand, affects the PCC-voltage angle (transmission lines 

are effectively reactive) without varying the voltage 

magnitude significantly. 

The control of STATCOM with energy storage 

(named here as E-STATCOM) for power system stability 

enhancement has been discussed in the literature [10]–[12]. 

However, the impact of the location of the E-STATCOM on 

its dynamic performance is typically not treated. When active 

power injection is used for POD, the location of the E-

STATCOM has a significant impact on its dynamic 

performance. The simulation models of the transmission line 

system, two machine model and STATCOM controller will 

be construct and the generated information is then channeled 

using the software MATLAB (Version 13b). 
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II. STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 

The STATCOM is a shunt-connected device which is used 

for reactive-power compensation. It is capable of generating 

and/ or absorbing reactive power and moreover, with the help 

of STATCOM, the output can be varied to control the specific 

parameters of an electric power system. It is in general a 

solid-state switching converter. It has the ability 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 [1], 

[13]. 

III. PRINCIPLE OF OPERATION OF STATCOM 

A STATCOM is a controlled reactive-power source. The 

desired reactive-power generation and absorption are 

provided entirely by means of electronic processing of the 

voltage and current waveforms in a voltage-source converter 

(VSC). Fig. 1(a) shows a single-line STATCOM power 

circuit, where a VSC is connected to a utility bus through 

magnetic coupling. Fig. 1(b) shows STATCOM as an 

adjustable voltage source behind a reactance which means 

that for reactive-power generation and absorption, there is no 

need of capacitor banks and shunt reactors, and thereby 

giving a STATCOM a compact design, or small footprint, as 

well as it provides the advantages of low noise and low 

magnetic impact. 

Fig. 1(c) shows the exchange of reactive power 

between the converter and the ac system that can be 

controlled by varying the amplitude of the 3-phase output 

voltage, Es, of the converter, as illustrated in the same figure. 

That is, if the amplitude of the output voltage is greater than 

that of the utility bus voltage, Et, then a current starts flowing 

through the reactance from the converter side to the ac system 

side and the capacitive-reactive power is generated by the 

converter for the ac system. If the amplitude of the output 

voltage is made to fall below the utility bus voltage, then the 

current starts flowing from the ac system side to the converter 

side and the inductive-reactive power from the ac system is 

absorbed by the converter. 

 
Fig. 1: Basic arrangement of the STATCOM circuit. 

If the output voltage and the ac system voltage are 

equal then there will be zero reactive-power exchange 

between the ac system and the converter, in which case the 

STATCOM is said to be in a floating state. Similarly, real-

power exchange between the converter and the ac system can 

be controlled by adjusting the phase shift between the 

converter-output voltage and the ac system voltage. 

IV. INTEGRATION OF FACTS WITH ENERGY STORAGE 

SYSTEM 

The integration of energy storage system (ESS) with FACTS 

devices gives rise to a controller which is more economical 

and/or flexible. The enhanced performance will attract more 

transmission service providers as it provides proven solutions 

to the problems of uneven active power flow, transient and 

dynamic stability, sub-synchronous oscillations, as well as 

power quality issues using active power control. 

 
Fig. 2: Typical configuration of energy storage system 

(ESS) integrated with FACTS 

A schematic diagram of integration of FACTS with 

energy storage system as discussed above is depicted in Fig. 

2 [11]. 

The shunt-connected STATCOM is a voltage-

sourced-converter (VSC) based device. The STATCOM can 

inject reactive power into the power system by injecting a 

current of variable magnitude in quadrature with the line 

voltage. Unlike SVC, STATCOM neither employs capacitor 

nor reactor banks to produce reactive power. Instead, it 

maintains a constant dc voltage for the inverter operation by 

using capacitor. An equivalent circuit for the STATCOM is 

represented in Fig. 3. The loop equations for the circuit 

depicted in fig. 3 may be expressed in vector form as 
𝑑

𝑑𝑡
𝑖𝑎𝑏𝑐 = −

𝑅𝑠

𝐿𝑠
𝑖𝑎𝑏𝑐 +

1

𝐿𝑠
(𝐸𝑎𝑏𝑐 − 𝑉𝑎𝑏𝑐)       (1) 

 
Fig. 3: Equivalent circuit of the STATCOM. 

Where Eabc are the inverter ac side phase voltages, 

Rs and Ls represent the STATCOM transformer losses, iabc 

are the phase currents and Vabc are the system-side phase 

voltages. The output of the STATCOM is given by 

Ea = kVdc cos(ωt + α)                    (2) 

Where Vdc represents the voltage across the dc 

capacitor, α is the injected voltage phase angle and k is the 

modulation gain, and. By defining a proper synchronous 

reference frame, the dynamic model can be simplified. The 

reference frame coordinate is the one in which the q-axis is 

always in quadrature with the instantaneous system voltage 

vector and the d-axis is always coincident with it. The system 

model is transformed to this reference frame and the 

STATCOM equations at bus i are obtained which can be 

written as [2], [3] 
1

𝜔𝑠

𝑑

𝑑𝑡
𝑖𝑑 = −

𝑅𝑠

𝐿𝑠
𝑖𝑑 +

𝜔

𝜔𝑠
𝑖𝑞 +

𝑘

𝐿𝑠
cos(𝛼 + 𝜃𝑖)𝑉𝑑𝑐 −

𝑉𝑖

𝐿𝑠
cos 𝜃𝑖 (3) 
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𝜔𝑠

𝑑

𝑑𝑡
𝑖𝑞 = −

𝑅𝑠

𝐿𝑠
𝑖𝑞 −

𝜔

𝜔𝑠
𝑖𝑑 +

𝑘

𝐿𝑠
sin(𝛼 + 𝜃𝑖)𝑉𝑑𝑐 −

𝑉𝑖

𝐿𝑠
sin 𝜃𝑖  (4) 

𝐶𝑑𝑐

𝜔𝑠

𝑑

𝑑𝑡
𝑉𝑑𝑐 = −𝑘 cos(𝛼 + 𝜃𝑖)𝑖𝑑 − 𝑘 sin(𝛼 + 𝜃𝑖)𝑖𝑞 −

𝑉𝑑𝑐

𝑅𝑑𝑐
   (5) 

Where 𝑖𝑑 and 𝑖𝑞  represent the injected dq 

STATCOM currents, 𝑉𝑑𝑐 denotes the voltage across the dc 

capacitor, 𝑅𝑑𝑐 represents the switching losses, 𝑅𝑠 and 𝐿𝑠 are 

the resistance and inductance of coupling transformer 

respectively  and the rms bus voltage of STATCOM is 𝑉𝑖∠𝜃𝑖. 

The power balance equations at the STATCOM bus are given 

by 

0 =   𝑉𝑖(𝑖𝑑 cos 𝜃𝑖 + 𝑖𝑞 sin 𝜃𝑖) − 𝑉𝑖 ∑ 𝑉𝑗𝑌𝑖𝑗
𝑛
𝑗=1 cos(𝜃𝑖 − 𝜃𝑗 − 𝜙𝑖𝑗)  (6) 

0 = 𝑉𝑖(𝑖𝑑 sin 𝜃𝑖 − 𝑖𝑞 cos θi) − 𝑉𝑖 ∑ 𝑉𝑗𝑌𝑖𝑗
𝑛
𝑗=1 sin(𝜃𝑖 − 𝜃𝑗 − 𝜙𝑖𝑗)    (7) 

Where the summation terms represent the power 

flow equations, n is the number of buses in the system and 

𝑌𝑖𝑗∠𝜙𝑖𝑗 is the (i, j)th element of the admittance matrix. The 

first set of terms represents the active and reactive powers 

injected by the STATCOM, respectively, whereas the 

summation of power terms on the right indicates the power-

flow equations of the power system. 

To provide independent reactive power support and 

to maintain constant dc capacitor voltage are the control 

objectives for the STATCOM. This is best accomplished and 

implemented by regulating the PWM switching commands to 

alter the modulation index and phase angle in eq. 2 [13].  

V. MATLAB SIMULATION MODEL FOR POWER OSCILLATION 

DAMPING USING STATCOM 

The complete MATLAB simulation model designed for 

damping power oscillations using STATCOM with energy 

storage is shown in fig. 4 and the corresponding various 

system parameters are tabulated in table I. 

 
Fig. 4: Complete MATLAB simulink model of power 

system with STATCOM and energy storage device. 

Sr. 

No. 

MATLAB 

Simulink block 
Parameter specification 

1 
Three phase 

source (200KVA) 

Phase to phase rms voltage = 240*√3 V; Frequency = 50Hz; Internal winding connection = 

Star connected with ground; Three phase short circuit level at base voltage (VA) = 200 KVA; 

Base voltage = 240*√3 V; X/R Ratio = 7. 

2 Three phase fault 

Fault types = LG, LL, LLG, LLL (AG, BG, CG, ABG, BCG, ACG, AB, BC, AC, ABC); 

Fault resistance = 0.001 Ohm; Transition time: Fault start time 0.4 sec and fault end time 0.6 

sec; Snubber resistance = 1 MOhm. 

3 Breaker (1 phase) 
Breaker resistance = 0.01 Ohm; Initial state of breaker = Open; Closing time = 0.2 sec; 

Snubber resistance = 1 MOhm. 

4 Series RLC  Load Resistance = 12.218, L= 0.038889 H, C= 1µF 

5 Ideal switch 
Internal resistance = 0.001 Ohm; Initial state of switch = Open;  

Snubber resistance = 1*105 Ohm. 

Table 1: Various Parameters of Main Power System with E-Statcom MATLAB Model

The complete model of controller for controlling the 

pulses given to the STATCOM is designed as follow: 

 
Fig. 5: STATCOM controller complete subsystem model. 

Various parts of STATCOM controller subsystem 

are as given below.  

A. Direct Axis and Quadrature Axis Component Subsystem 

Both direct axis and quadrature axis component of load 

current and compensator current are obtained in this 

subsystem. However, only direct axis component of load 

current and compensator current are taken for reference. 

 
Fig. 6: Direct axis and quadrature axis current calibration 

MATLAB subsystem. 

B. PI Controller Subsystem 

PI controller block is shown in fig. 7 and corresponding 

parameter specifications are tabulated in table II. 

 
Fig. 7: PI Controller for controlling switch pulses MATLAB 

subsystem. 
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Sr. 

No. 

MATLAB 

Simulink block 
Parameter specification 

1 PI Controller 

Proportional gain Kp = 

0.0005; Integral gain Ki = 

0.005. 

Table 2: Parameter Specification of Pi Controller Subsystem 

MATALB Model 

C. Two Level Space Vector Subsystem 

Output of PI controller is given to the two level space vector 

subsystem. Fig. 8 represents the two level space vector 

controller subsystem. 

 
Fig. 8: Two level space vector controller subsystem for 

generation of gate pulses. 

D. Sector Selector Subsystem 

Sector selector subsystem model is shown in fig. 9. It is the 

part of the two level space vector controller subsystem given 

above. 

 
Fig. 9:  Sector selector subsystem model 

E. Multiport Switch Subsystem  

Another part of two level space vector controller subsystem 

is multiport switch subsystem. It is shown in fig. 10. 

 
Fig. 10: Multiport switches subsystem model 

VI. MATLAB SIMULATION RESULTS 

A. Results showing STATCOM without energy storage 

device  

1) Normal condition with inductive load 

 
Fig. 11: Direct axis reference current and direct axis power 

system current waveform. 

 
Fig. 12: Inductive load current when load connects with 

power system at 0.2 second. 

 
Fig. 13: Power system three phase voltage and current 

waveform during normal condition and inductive load. 

 
Fig. 14: DC link voltage of STATCOM during power 

system voltage and current control. 
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2) LG fault with inductive load 

 
Fig. 15: DC link voltage of STATCOM during power 

system voltage and current control when LG fault and 

inductive load presents. 

 
Fig. 16: Direct axis reference current and direct axis power 

system current waveform when LG fault and inductive load 

on power system. 

 
Fig. 17: Inductive load current when load connects with 

power system at 0.2 second when LG fault and inductive 

load on power system. 

 
Fig. 18: Power system three phase voltage and current 

waveform during LG fault condition and inductive load on 

power system. 

B. Results showing STATCOM with energy storage device 

1) Normal condition with inductive load 

 
Fig. 19: Direct axis reference current and direct axis power 

system current waveform when normal condition and 

inductive load on power system with energy storage based 

STATCOM. 

 
Fig. 20: Normal system load current when load connects 

with power system at 0.2 second when system normal and 

inductive load on power system with energy storage based 

STATCOM. 

 
Fig. 21: Power system three phase voltages and current 

waveform during normal condition and inductive load on 

power system with energy storage device based STATCOM. 
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Fig. 22: DC link voltage of STATCOM during power 

system voltage and current control when power system 

normal and inductive load presents with energy storage 

device based STATCOM. 

2) LG fault with inductive load 

 
Fig. 23: Direct axis reference current and direct axis power 

system current waveform when LG fault and inductive load 

on power system with energy storage based STATCOM. 

 
Fig. 24: Inductive load current when load connects with 

power system at 0.2 second when LG fault and inductive 

load on power system with energy storage based 

STATCOM. 

 
Fig. 25: Power system three phase voltages and current 

waveform during LG fault and inductive load on power 

system with energy storage device based STATCOM. 

 
Fig. 26: DC link voltage of STATCOM during power 

system voltage and current control when LG fault and 

inductive load presents with energy storage device based 

STATCOM. 

VII. CONCLUSION 

An adaptive approach for power oscillation damping has been 

developed in this paper. The design of an adaptive power 

oscillation damping (POD) controller for a static synchronous 

compensator (STATCOM) equipped with energy storage. 

Simulation of damping oscillation model for analysis of 

STATCOM performance is carried out by using constant 

modulation index and variable dc bus voltage based 

STATCOM. Various waveforms of STATCOM for normal 

conditions and faulty condition with and without energy 

storage device are obtained in this paper. Thus, using energy 

storage device based STATCOM controller provides smooth 

control of power system damping during normal condition as 

well as fault condition with inductive or capacitive load on 

power system. 
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