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ABSTRACT: Improvement of power quality of a distribution supply system is a challenging problem and it may not be 
economic to simply upgrade the network. FACTS controller like STATCOM (STATics synchronous COMpensator) offers 
an attractive alternative, with their potential to provide both steady state and transient voltage compensation for a limited 
capital investment. However, operation of these systems with weak networks needs careful attention to achieve a stable and 
fast response under all supply conditions. This paper proposes a control strategy of a STATCOM to improve power factor 
and voltage regulation at a distribution supply  system which is more robust and works well under all system conditions and 
improves power quality directly. Simulation results are presented to verify the stability and validity of this control strategy 
across a range of operating conditions. The operation of the STATCOM with distribution supply system makes the rural 
consumers healthy and wealthy. 
Keywords: Power quality, controller design, PI controller, STATCOM. 
 

I. INTRODUCTION 
Electrical utility and heavy industry face a number of challenges related to reactive power. Heavy industrial applications 
can  cause phenomena like unbalance, distortion or flicker on the electrical grid. Electrical utilities may be confronted with 
phenomena of voltage sags, poor power factor or even voltage instability. Reactive power control can solve these issues. 
The most advanced solution to compensate reactive power is the use of a Voltage Source Converter (VSC) incorporated as 
a variable source of reactive power. These systems offer several advantages compared to standard reactive power 
compensation solutions. Reactive power control generated by generators or capacitor banks alone normally is too slow for 
sudden load changes and demanding applications, such as wind farms or arc furnaces. Compared to other solutions a 
voltage source converter is able to provide continuous control, very dynamic behavior due to fast response times and with 
single phase control also compensation of unbalanced loads. The ultimate aim is to stabilize the grid voltage and minimize 
any transient disturbances. 
 
STATic synchronous COMpensator (STATCOM) is essentially an ac-voltage source where the magnitude, the phase angle 
and the frequency of the output voltage can be controlled [1]. The building block of the STATCOM is a voltage source 
converter (VSC) consisting of connected semiconductor valves and a capacitor on the dc side. The device is shunt 
connected to the network through a coupling inductance that is usually represented by the transformer leakage reactance. 
The described basic circuit is presented in Fig. 1. In general, the STATCOM can provide power factor correction, 
harmonics compensation and load balancing. The major advantages of STATCOM in comparison with a conventional static 
var compensator (SVC) include the ability to generate the rated current at virtually any network voltage, a better dynamic 
response and the use of a relatively small capacitor on the dc side. The size of the capacitor does not play an important role 
in steady-state reactive power generation, which results in a significant reduction of the overall compensator size and cost. 
The STATCOM operation under unbalanced conditions occurs when the compensator exchanges negative-sequence current 
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components with the network. The sources of unbalanced conditions can be roughly divided into two cases. The first case 
concerns voltage unbalances where mild unbalances are caused by unbalanced loads, while severe unbalances are the 
consequence of power system faults. As a consequence large negative-sequence currents may flow between the 
compensator and the network. Unbalance in network voltage also causes voltage distortion on the dc side of the converter 
and consecutively the generation of low order harmonics on the ac side [2, 3]. The second case concerns a compensator that 
is used for compensation of unbalanced loads. The dc-side voltage distortion and low order harmonics generation are a 
major problem also in this case. The over-current problem was addressed in some papers [4, 5] and load balancing 
described in [6–8]. However, the problem of dc-side voltage distortion is not thoroughly analyzed and is usually solved 
with the use of a sufficiently large capacitor allowing the reduction of the voltage ripple and increasing the size and cost of 
the device. Moreover, the STATCOM operation under unbalanced conditions is not analytically formulated thus making 
the development of an effective control algorithm difficult. The power factor PF  is defined as the ratio of the active 
power P  to the apparent power S . Thus    

S
PPF                                                                                          (1) 

For purely sinusoidal voltage and current, the standard expression is obtained as 
cosPF                                                                                   (2) 

where cos  is popularly known as the displacement factor.  The survey of the power factor for a year of the rural 
consumers is given in Table.I  

 
Fig.1: Linear and non-linear loads of consumers connected to supply system 

 

Month of the 
Year 

Demand 
(KW) 

Demand 
(KVA) 

Actual Power 
Factor (%) 

January  
February  
March  
April  
May  
June  
July  

August  
September  

October  
November  
December  

200  
150  
125  
224  
208  
210  
223  
211  
204  
198  
156  
201  

245  
224  
175  
256  
289  
299  
289  
278  
265  
245  
198  
265  

81.63% 
66.69% 
71.43% 
87.50% 
71.97% 
70.23% 
77.16% 
75.90% 
76.98% 
80.82% 
78.79% 
75.85%  

Table.I: It shows the power factor of the rural consumers 
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The controllable reactive power allows for a rapid control of bus voltage and power factor at the system or at the load end. 
To compensate for the distorted current drawn by the rectifiers from the utility grid, the STATCOM and its current 
controller must have the capability to track source PWM (Pulse Width Modulation) converters. The linear control is more 
suitable for STATCOM application reported in [9-11]. The present paper suggests the design of a linear current controller 
and voltage controller on the basis of gain and time constant adjustment along with the parameter of the coupling inductor 
and storage capacitor.  
 
The present paper goes on to develop closed loop model for investigating transient performance of the STATCOM by using 
controller parameter. First, in Section 2 focuses on modeling of the power system and Section 3 gives state space model of 
the STATCOM with the system. Secondly, in Section 4, a current and voltage controllers are designed. The simulated 
responses with the designed controller parameters are presented in Section 5. This scheme is both an extension and a 
significant improvement of the scheme suggested by Shauder et al [9] .The results obtained have been compared and 
appropriate conclusions have been drawn. 
 

II. MODELING OF THE POWER SYSTEM 

 
Fig.2: Interconnected Five Bus system 

 
The 5-bus system is a simple power system network given in Fig.2. The 5-bus system is intended to illustrate in a simple 
context notions of transfer capability and the impact that various actions have on the given transfer capability. Buses 1, 2 of 
the system diagram are generators and buses3, 4, 5 of the diagram are loads. The primary flow of power is from the top of 
the diagram to the bottom of the diagram. Reactive demand by the loads (signified by the empty portion of the load arrows) 
is large. The network has 7 branches and each branch represents a transmission line. The model is an AC power flow 
model; it represents real and reactive power flows and power system nonlinearity. Operational limits relating to 
transmission line flow, voltage magnitude, and voltage collapse are represented. The weak bus no 5 is connected to 
industrial area and also local consumers. The power factor of this grid (Bus no.5) is poor and hence its power factor can be 
improved as the model given in Fig.3.                            

 
Fig.3: A single Bus connected with STATCOM 

 
III. MODELING OF THE STATCOM AND ANALYSIS 

A. Operating principle: 
As is well known, the STATCOM is, in principle, a static (power electronic) replacement of the age-old synchronous 
condenser. Fig.4 shows the schematic diagram of the STATCOM at PCC through coupling inductors. The fundamental 
phasor diagram of the STATCOM terminal voltage with the voltage at PCC for an inductive load in operation, neglecting 
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the harmonic content in the STATCOM terminal voltage, is shown in Fig.5. Ideally, increasing the amplitude of the 
STATCOM terminal voltage oaV


  above the amplitude of the utility voltage saV


 causes leading (capacitive) current caI


  to 

be injected into the system at PCC as shown in Fig.4. 
 
B. Modeling: 
The modeling of the STATCOM, though well known, is reviewed in the lines below, for the sake of convenience. The 
modeling is carried out with the following assumptions: 

1) All switches are ideal 
2) The source voltages are balanced 
3) sR represents the converter losses and the losses of the coupling inductor 
4) The harmonic contents caused by switching action are negligible 

 
The 3-phase stationary abc  coordinate vectors with 1200 apart from each other are converted into   2-phase 
stationary coordinates (which are in quadrature). The   axis is aligned with a  axis and leading   axis and both 
converted into dq two-phase rotating coordinates. The Park’s  abc  to  dq  transformation matrix is given in (3). 

 
            Fig.4: Schematic diagram of STATCOM                               Fig.5: Phasor diagram for inductive load operation 
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The complete mathematical model of the STATCOM in dq  frame is obtained as given in (4) [10, 11]. 
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C. Steady State and transient Analysis:  
The detailed steady state and transient responses with the Table.II are given in Fig.6 and responses suggest the static and 
dynamic conditions of the STATCOM. It can be seen that the transient responses take about one and half power cycle to 
reach at their steady state values.      
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  Sl Parameters                         Symbol Values 
1 Frequency f  50 Hz 
2 Angular Frequency w 314 rad/sec 
3 RMS line-to-line 

Voltage sV     230V 

4 Coupling Resistance 
sR  1.0  

5 Coupling Inductance 
sL  5.0mH 

6 DC-link capacitor C 500 F  
7 Modulation Index M 0.979 
8 Phase angle   05  
9 Load Resistance 

LR  52  
10 Load Inductance 

LL  mH126  

11 Load Power factor   79.0  
Table II: It shows the system parameters 

 

 
(a)                                                                                                                     (b) 

 
                                                       (c)                                                                                                                       (d) 
 Fig.6: (a) Steady state responses of cqI , cdI with dcV ,(b) Steady state responses of cP and cQ ,(c) transient responses of    

cqi  in capacitive with inductive and (d) transient responses of dcv  in capacitive and inductive  
 

IV. DESIGN OF CONTROLLERS 
With the assumption of the system voltage and STATCOM output voltage are in phase and hence the equation (4) can be 
modified as given in equation (5) 
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A. Design of current controller: 
The current controller design for the above system can be done using the strategy [12-14] attempts to decouple the d and q 
axes equations (given in (5)), so that the MIMO system reduces to two independent Single Input Single Output (SISO) 
system. Hence, the control inputs odv  and oqv  are configured as  

sdvcdiswLodvodv

sqvcqiswLoqvoqv





*

*

                                             (6) 

The equation (7) can be obtained by replacing (5) by (6) and from the circuit parameters sL and sR  given in Table.II, value 
of PI parameters are given in equation (8). 
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9.16piK  and 3103.3 iiK                                                   (8) 
 

B. Design of voltage controller: 
The relation between dc voltage

dc
v  and dc current dci  is 

dtdci
Cdcv 
1

                                                                            (9) 

The transfer function can be written as  

sCdcI
dcV

svG
1

)(                                                                            (10) 

Neglecting the power loss in the source resistance and power losses in the switches, the value of PI parameters are given in 
equation (11)   

200,15.0 
C

K
viKKpvK                                                     (11) 

 
C. Proposed control strategy for power factor improvement: 
The proposed block diagram for this closed-loop system is shown in Fig.7. It has an inner current control loop and an outer 
voltage control loop. The inner (current) controller acts much faster than the outer (voltage) controller due to obvious 
reasons. The reactive component of the STATCOM current, cqi , is compared with the reference reactive current, *

cqi , 

(reactive component of the load current, lqi ). The error is passed through a PI-controller (designed in (8)), which yields the 
controlled voltage. The reactive component of the STATCOM converter terminal voltage is generated as shown in control 
scheme (Fig.7). The active component of the STATCOM current, cdi , decides the active power flow into the converter 

(making up for the system losses). The DC-link voltage controller (11) generates the reference current, *
cdi , to the PI-

controller of cdi . The d -axis component of the STATCOM converter terminal voltage is produced by summation (proper 

sign) of the controlled voltage from PI-controller of cdi , q -axis component of the voltage drop of the series inductor and 
active component of the grid voltage. The unit vectors wtsin  and wtcos  are generated and the reference vector is 
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aligned along the d -axis, which is achieved by maintaining zero phase-difference between the phase voltage, )(tvsa  and 
the unit vector, wtsin . Hence, the d  and q -axes of the STATCOM converter terminal reference (rotating) voltages, 

*
,dqov , with unit vectors,  are transferred back to    stationary variables. The six logic pulses for the switching devices 

of the STATCOM are generated in    stationary frame with help of Space Vector Pulse Width Modulation (SVPWM) 

principle.  
Fig.7: Implementing scheme for power factor improvement 

 
D.  System model: 
The three-phase PCC voltages as given in equation (12) assuming no zero sequence components and are transformed to d-q 
variables as shown in equation (13). Thevenin equivalent voltage source as seen from the PCC terminal into the network is 
given in Fig.8.  
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Fig.8: Thevenin equivalent model of the distribution line 

 
The PCC voltage magnitude is defined as: 

22|| sqsds vvV                                                                              (14) 

Under the stated assumptions, for zero initial conditions and no real current injection, the transfer function between small 
changes in the PCC voltage in response to small changes in injection reactive current can be shown [14] in equation(15). 

2
)()(

)(
)(|| jwsZjwsZj
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sV thth

sq
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                                   (15) 

where 
12 


sRCLCs
sLRZ th  

The distribution line consists of only resistance and inductance. So, the driving point impedance can be simplified to  
sLRZ th                                                                                    (16) 
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Now substituting equation (16) in equation (15) yields 

)(
)(
)( sGwL

sI
sV

s
cq

s 



                                                                  (17) 

 
E.  Design of PCC voltage controller: 
Assuming the balanced system, the PCC voltage with current controller can be shown in Fig.9. The arbitrary bandwidth can 
be assigned to the closed loop system by using a PI-controller as given in equation (18).  

 
Fig.9: PCC control loop 

The open loop transfer function with Fig.9 is given in equation (19) and with Bode plot and assuming first order transfer 
function; the parameters of PI have been designed and given in equation (20). 

s
KsK

K isps                                                                              (18) 

wL
s

KsK
sG isps

os


)(                                                               (19) 

48.0psK  and 315isK                                                           (20) 
 
 
 
 

F.  Proposed control strategy for voltage regulation: 
The proposed block diagram for this closed-loop system is shown in Fig.10. This control block is same as given in Fig.7 
with extra PCC control loop and the controlled reactive current from PCC controller is the reference of the reactive current 
controller. 

 
Fig.10: Implementing scheme for voltage regulation 

 
                

V. SIMULATION RESULT 
A.  Simulation Result of the load: 
A linear load, simulated with LR   parameters (given in Table.II), is connected to the grid.  The waveforms of the grid 
side phase-a voltage ( sav ) and current ( sai ) at point of common connection (PCC) (without the STATCOM in operation) 

are shown in Fig.11. It may be mentioned that here and elsewhere (unless otherwise mentioned) sav  is plotted to a reduced 

scale of 10:1. Under steady state it is seen that the power angle is 064.39 (so that power factor is 77.0 ).  The STATCOM 
will now act in closed-loop with this system along with the proposed controllers in order to improve this power factor. 



 
           ISSN (Print)  : 2320 – 3765 
           ISSN (Online): 2278 – 8875 

 
International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 
(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 6, June 2014  
 

Copyright to IJAREEIE                                                                            www.ijareeie.com                                                                 10027          
 

 

 
Fig.11: Grid phase a voltage and current 

 
B.  Simulation results with STATCOM for power factor improvement: 
Then after PI controller is applied to control DC link voltage and PI controllers are used to control d and q axis current of 
STATCOM using the control block as given in Fig.7. These controllers work and STATCOM functions at initial value of 
DC link voltage less than 550V. The relevant outputs at initial DC link voltage of 550V are shown in Fig.12 to Fig. 18 . 
Fig12 shows the dynamics of system voltage and system current after using PI controller at DC link voltage and it shows 
the over shoot of only 20A and improves power factor after one cycle with respect to Fig. 11 and also the same dynamics is 
obtained in case of STATCOM current as shown in Fig.13. Figs.14 and 15 show the dynamics of DC link voltage and 
current obtaining transient up to four cycles. Figs.16 and 17 show  very small  change of STATCOM current and DC link 
voltage due to change of reference current(reactive current of load) which shows the robustness of the controller. The 
system voltage and the STATCOM voltage are shown in Fig.18 and both are in-phase as it signifies for linear model. These 
controllers work well without spike at initial voltage of 700V as shown in Fig.19 of system voltage .The improvement of 
power factor and hence improvement of power quality of the system by these controller as given in Fig. 19 with compare to 
Fig. 11 . 
 
 

   
 
                 Fig.12: System voltage and system current                   Fig.13: System voltage and STATCOM current  

   
               Fig.14: DC link voltage                                                  Fig.15: DC link current              

   
               Fig.16: Reference current                                       Fig.17: DC link voltage due to change of reference current   
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         Fig.18: System and STATCOM output voltage                Fig.19: System voltage and system current  
 
C.  Simulation results with STATCOM for voltage regulation: 
Fig.20 (a) shows that without compensation, the voltage increases by approximately 6% from 167 V to 174 V when the 
load reduces. Fig.20 (b) shows the compensated simulated waveform with respect to Fig. 20(a). Due to unbalanced supply, 
simulated waveform without and with the STATCOM are given in Figs.21 (a) and (b) respectively. The improvement of 
power quality (no swell and sag) is given in Fig. 21(b) with compared to Fig. 21(a). Fig. 22 shows the system response and 
injected current when the STATCOM is connected to the supply system. 
 

   
(a) (b)                                                       

Fig.20: Results in balanced supply: (a) Simulation voltage without STATCOM and (b) Simulation voltage with  
STATCOM  

 
 

 
                        (a)                                                                                        (b)                

Fig.21: Unbalanced supply simulation voltage: (a) Without STATCOM and (b) with STATCOM 
 

 
Fig.22: Simulated injected STATCOM current 

 
VI. CONCLUSION 

The STATCOM compensator is a FACTS device which can operate in current control mode for compensating voltage 
variation, unbalance and reactive power and in voltage control mode as a voltage stabilizer. The investigations of 
performance of the STATCOM for the power factor improvement and voltage regulation at distribution supply system have 
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been carried out. The proposed control strategy has been simulated. The STATCOM works as a power factor compensator 
as well as voltage regulator. The simulation results show that the performance of the STATCOM has been found to be 
satisfactory for improving the power quality at the distribution supply system. Hence the STATCOM is an efficient mean 
for mitigation of power quality disturbances introduced to the distribution supply system. The STATCOM proposed control 
strategy is flexible and it has been observed to be capable of correcting power factor to unity and improving voltage and 
currents at the distribution supply system. It has also been shown that the interaction between a STATCOM device and a 
distribution supply system makes the rural consumers healthy and wealthy. 
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