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Abstract: Static synchronous compensation (STATCOM) is an application that utilizes a voltage source converter (VSC) 

to provide instantaneous reactive power support to the connected power system. Conventionally, STATCOMs are employed 

for reactive power support only. However, with the integration of energy storage (ES) into a STATCOM, it can provide 

active power support in addition to the reactive power support. The control method of a STATCOM with an energy storage 

device is discussed in this paper. To determine the switching level control, SPWM (Sinusoidal Pulse Width Modulation) 

methods is used. This paper will introduce an integrated STATCOM/BESS for the improvement of dynamic and transient 

stability and transmission capability. This work suggests a simple and easy to implement PI controller to control the 

operation of ESTATCOM placed at the weak point of Mosul city 132 kV ring system. The whole system including the 

ESTATCOM and its controller has been simulated after some kinds of disturbances and the results show improvements in 

the dynamic active and reactive power capabilities of the system. 

Keywords: ESTATCOM, Active Power Control, Dynamic Active and Reactive Power Capabilities,  

Battery Energy Storage 

 

1. Introduction 

The Iraqi national grid is divided into sub grids on 

geographical bases. The Iraqi Northern Region National 

Grid (INRNG) is one of these sub grids. Mosul city is part 

of this (INRNG) and it is supplied by one 400 kV 

substation at Bus 6 and seven 132 kV substations. These 

substations form a ring consists of seven 132 kV buses. The 

lines connecting the buses are mainly of two circuits. There 

are three single circuit lines. This part of INRNG suffers 

from problems such as loading on these three lines can 

exceed the accepted loading percent during peak load 

periods. This causes outage due to over load. 

STATCOM as reactive power compensation has been 

used in a pervious study to improve the voltage profile in 

Mosul Ring System, which can also be used to determine 

the optimal value of the reactive power needed at different 

load conditions [1].   

Later study used STATCOM with Energy storage device 

as active power compensation [2].  

In this work a PI controllers has been suggested and 

added to the same system to control its operation during 

some kinds of disturbances. The transient behavior of the 

whole system has been studied via modeling and simulation. 

The results so obtained were compared with those obtained 

without the controller and the results are discussed.  

2. Modeling of Mosul City Ring System 

The largest part of Iraqi Northern Region National Grid 

(INRNG) is Mosul ring and this part of the grid is modeled 

by using MATLAB SIMULINK program. The MUSOL 

ring includes two generator units one of them is hydraulic 

and the other is Gas Station and the Grid connected with 

power lines and this grid is shown in figure (1). In previous 

study we found that the weak point in MOSUL grid is 

located at BUS 37 and depending on this study we 

suggested to put the STATCOM with energy storage system 

at that location [3]. The SIMULINK model of the grid with 

STATCOM is shown in appendix (2). 
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Figure (1) the largest part of northern Iraqi Grid (Mosul ring system) 

3. ESTATCOM Control Algorithm 

The schematic of STATCOM with a battery 

(ESTATCOM) is shown in Figure (2). The ESTATCOM is 

connected to the power system via a transformer. va, vb, vc 

represent the three phase line to neutral system voltages at 

the connection point. ea, eb, and ec represent the 

fundamental components of the three phase line to neutral 

output voltage of the ESTATCOM 's inverter. L and R 

represent the resistance and reactance of the transformer. 

The battery is represented by an ideal DC voltage source 

Vs and a resistor Rs. Rs can also accounts for any losses in 

inverter. ia, ib, ic represent line currents [4]. A simple model 

to represent the battery is used because the STATCOM is 

used in a transmission system for improving system's 

transient stability. In the short of the system transient, there 

should be no significant variation to the potential of the 

battery. The main objective of the controller is to meet the 

desired performance of the system requirement. 

 

Figure (2) Equivalent Circuit of ESTATCOM 

If, we assume the ESTATCOM is working in a balance 

condition, then, we can define a reference frame 

transformation and make the attained dynamic model of the   

STATCOM and battery simple. The reference frame 

coordinate is defined where the d-axis is always coincident 

with the instantaneous system voltage vector and the q-axis 

is in quadrature with it.  The transformation of variables is 

defined in equation (1). 
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Where Ɵ is the angle between instantaneous system 

voltage vector and the a-phase axis of the abc coordinate. 

In the reference frame coordinate, the equations of the 

AC side circuit in Figure (2) can be written as: 
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Where: 
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The DC side circuit equation can be written as:  
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The instantaneous active power on the ac side of the 

inverter is calculated by:  

ccbbaaac ieieieP ++=  

The relationship between the direct abc-axis and the 

transformed dq-axis is shown in figure (3). From this figure 

and after transform the abc frame to dq frame we obtained:  

)(
2

3
qqddac ieieP +=             (4)  

And the active power on the dc side of the inverter can 

express by: 

dcdcdc iUP =                    (5) 

Considering that the instantaneous active power 

exchanged between the ac and the dc side of the inverter 

should be the same, equation (6) must hold: 

dcac PP = , )(
2

3
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So,  
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When an inverter of ESTATCOM operates in SPWM 

mode, its output voltage must satisfy the following 

equations: 
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Where M is the modulation index and α is the firing 

angle of the sinusoidal reference wave referring to the 

system voltage vector. 

Combining equation (3) with equation (2) and 

substituting equation (8) and equation (7) into them, we can 

set up a dynamic model for a ESTATCOM: 
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After linearization in the neighborhood of equilibrium 

point, the control system in equation (9) can be transformed 

to a linear system as shown in equation (10): 
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Where [∆id ∆iq ∆Udc]
T
 is the state variable vector, and 

[∆M ∆α]T are the control variables. All the symbols with a 

subscription 0 in equation (10) represent the values at the 

equilibrium point. 

 

Figure (3) Relationship between the abc-axis and the dq-axis 

The block diagram of ESTATCOM controller is shown 

in figure (4), while Figure (5) shows the block diagram of 

decoupled controller [5]. the decoupled 

proportional–integral(PI) type of controller is considered 

KP1 and KI1 are the gains of the reactive power regulator, 

where KP2 and KI2 are the gains of the Active power 

regulator and KP3, KI3 are the gains of the AC current 

decoupled regulator. The strategy of ESTATCOM 

controller is to keep the active power constant while 

controlling the angle ( α ) by which the VSC voltage leads 

( or lags ) the line voltage vector to compensate the active 

power during the disturbance    interval [6]. 

 

Figure (4) Simulink Model of the ESTATCOM 
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Figure (5) AC Current Decoupled Controller 

4. Simulation Results 

The effectiveness of ESTATCOM controller has been 

verified on bus 37 in the system discussed in section II 

(Mosul grid). A model of the system with ESTATCOM 

with the controllers has been developed in MATLAB / 

SIMULINK. Sudden changes in Load (figure 6) were 

studied here to show the controller response of 

ESTATCOM.  

 

Figure (6) Load Active and Reactive Power 

Figure (7) shows the active power drowns from the 

source1 (Mosul Dam Synchronous Generator) at load 

disturbance (load increased) during the interval 20.3 to 20.7 

sec. This type of disturbance occurs with and without 

ESTATCOM. From this figure we observed that when 

ESTATCOM not installed the active power drawn from the 

source increased during that interval and there is an     

oscillation in active power after the load returned to its  

normal condition. Where installing the ESTATCOM cause 

the active power drown from source approximately not 

changing during the interval of disturbance and there is no 

oscillation after the load returned to its normal condition.  

 

Figure (7) Mosul Dam Station Active Power 

Figure (7) shows the active power drowns from the 

source1 (Mosul Dam Synchronous Generator) at load 

disturbance (load increased) during the interval 20.3 to 20.7 

sec. This type of disturbance occurs with and without 

ESTATCOM. From this figure we observed that when 

ESTATCOM not installed the active power drawn from the 

source increased during that interval and there is an 

oscillation in active  power after the load returned to its 

normal condition. Where installing the ESTATCOM cause 

the active power drown from source approximately not 

changing during the interval of disturbance and there is no 

oscillation after the load  returned to its normal condition.  

Where figure (8) shows the active power drown from the 

source2 (Mosul Gas Synchronous Generator) at load 

disturbance (load increased) during the interval 20.3 to 20.7 

sec. This type of disturbance occurs with and without 

ESTATCOM.  

 

Figure (8) Mosul Gas Station Active Power 

From this figure, we observed that when ESTATCOM not 

installed the active power drawn from the source increased 

during that interval and there is an oscillation in active power 

after the load returned to its normal condition. Where 

installing the ESTATCOM cause the active power drown 

from source approximately not changing during the interval 

of disturbance and there is no oscillation after the load 

returned to its normal condition.  

Figure (9) shows the reactive power drowns from the 

source1 (Mosul Dam Synchronous Generator) at load   

disturbance (load increased) during the interval 20.3 to 20.7 

sec. This type of disturbance occurs with and without 

ESTATCOM. From this figure we observed that when 

ESTATCOM not installed the reactive power drawn from the 

source increased during that interval, where installing the 

ESTATCOM cause the reactive power drown from source 

approximately not changing during the interval of 

disturbance. 
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Figure (9) Mosul Dam Station Reactive Power 

Where figure (10) shows the reactive power drown from 

the source2 (Mosul Gas Synchronous Generator) at load 

disturbance (load increased) during the interval 20.3 to 20.7 

sec. This type of disturbance occurs with and without 

ESTATCOM. From this figure, we observed that when 

ESTATCOM not installed the reactive power drawn from 

the source increased during that interval. Where installing 

the ESTATCOM cause the reactive power drown from 

source approximately not changing during the interval of 

disturbance. 

 

Figure (10) Mosul Gas Station Reactive Power 

Figure (11) shows the ESTATCOM active and reactive 

power when the load increased between the interval 20.3 to 

20.7 sec. From this figure, we observed that the 

ESTATCOM compensate the active and reactive power 

drown from the load during the interval of disturbance. 

 

Figure (11) ESTATCOM Active and Reactive Power. 

Where figure (12) and figure (13) shows the firing angle 

and the modulation index of the inverter used in 

ESTATCOM at the same condition above. 

 

Figure (12) ESTATCOM firing angle 

 

Figure (13) ESTATCOM Modulation Index 

Figure (14) shows the current of energy storage  

element at load disturbance. 

 

Figure (14) Energy storage current 

From the figure above we observed that the    

ESTATCOM inject current to the system to compensate the 

active power and keep it constant during the interval of 

disturbance and prevent the oscillation occurs after the  

disturbance clearing.  
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5. Conclusions 

A three phase two level PWM ESTATCOM with its 

controller has been inserted in the Mosul ring system and 

some disturbances have been studied via modeling and 

simulation. A conventional PI controller strategy which is 

simple and easy to implement has been adopted. 

The simulation results have shown that the           

ESTATCOM with the proposed controller can decrease the 

active power oscillation of the power system during and 

after the load disturbances and keep the reactive power 

constant during the disturbance interval. ESTATCOM 

model has been developed with all the necessary          

components and controllers in order to demonstrate its  

effectiveness in  maintaining a fast active and reactive 

power regulation at any bus bar. The simulation results 

were compared with that of the system without            

compensation. Simulation results have proved the ability of 

the ESTATCOM to respond to the system active and 

reactive power requirements with satisfactory performance. 

The Addition of the ESTATCOM at bus 37 caused the THD 

of the voltage at that bus to be 1.47% which is within 

IEEE-519 standards [7].   

The performance of ESTATCOM with its controller was 

very close (within ± 98%) of the nominal value of voltage. 

The response time took about two cycles.   

 

Appendix (1) 

Parameters (Base- 100MVA) 

IGBT-VSCs based two-level 12-Pulse, ± 100MVAR 

ESTATCOM. 

A. Converter Parameters 

IGBT-VSC Converters; No. of pulses-12; Nominal AC 

voltage-132kV; DC link voltage-12kV. 

B. Transformer Units 

Each 3-winding Transformer Rating: (100/3) MVA, 

50Hz, 132kV/12kV, 12% (X). 

C. PI-controller Gain 

Reactive Power Regulator: Kp = 0, KI = 100; AC Current 

Decoupled Regulator: D-axis controller: Kpd = 3, KId = 1; 

Q-axis controller: Kpq = 3, KIq = 1; Active Power Regulator: 

Kp = 1, Ki = 70. 

D. Thevenin's Equivalent Voltage Source 

Nominal Voltage: 132kV; Source impedance:1% System 

frequency: 50Hz; Short circuit level: 1000MVA; X/R 

ratio-7. 

Appendix (2) 

The model of Mosul ring with ESTATCOM using 

MATLAB SIMULINK 
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(a) The model of Mosul ring using MATLAB/SIMULINK 

(b) ESTATCOM model using MATLAB/SIMULINK
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