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ABSTRACT 

Demand in electricity makes the passion for renewable energy. The renewable energy can be effectively 
utilized when it is grid connected.  In this paper Photo Voltaic (PV) power system is proposed for grid 
connected applications.   Important factors to be considered in grid connection are quality of power, 
stability of the voltage and reliability.  The quality and stability of voltage in a grid connected PV system 
can be improved by a STATCOM. Many researchers analyzed the performance of STATCOM with 
balanced grid voltage dips. Under unbalanced grid voltage dips, the negative sequence voltage causes 
poor power quality of power. In this paper, grid connected PV system with a STATCOM is proposed with 
balanced and unbalanced voltage sags and swells. The positive and  the negative sequence voltage 
compensation by a STATCOM is proposed to improve the stability and quality of voltage. The entire 
system is analyzed by simulation using MATLAB/ Simulink.  

Keywords: Photo Voltaic (PV) system, STATCOM, Incremental conductance Maximum Power Point 

Tracking (MPPT), balanced/unbalanced load. 

 

1. INTRODUCTION 

 

In the past decades, enormous amount of 
natural resources has been unlimitedly dissipated 
and our living environment has been severely 
polluted [1]. With increasing concern of global 
warming and the depletion of fossil fuel reserves, 
many are looking at sustainable energy solutions to 
preserve the earth for the future generations. Other 
than hydro power, wind and photovoltaic energy 
holds the most potential to meet our energy 
demands. Alone, wind energy is capable of 
supplying large amounts of power, but its presence 
is highly unpredictable. The technical and 
operational characteristics of wind-diesel hybrid 
systems are found various disadvantages like power 
generation only in remote areas, the high cost for its 
complicated and heavy mechanism of gears. 

The other vital renewable energy is the 
solar energy presents throughout the day.  It has 
emerged in the last decades since it has the 
aforesaid advantages and less maintenance, no wear 
and tear. The main applications of PV systems are 
either stand-alone systems such as water pumping, 
domestic and street lighting, electric vehicles, 

military and space applications or grid-connected 
configurations like hybrid systems and power 
plants. 

Safety is one of the major concerns in PV 
systems due to unintended is landing at the time of 
fault occurrence at the grid side. Here, PV systems 
continue to feed the load even after the network is 
disconnected from the utility grid, which may lead 
to electric shock of workers. PV systems usually 
are designed to operate near unity power factor to 
fully utilize solar energy. In this case, the PV 
system only injects active power into the utility 
grid, which may change the reactive power flow of 
the system. Therefore, voltages of nearby buses can 
be increased because of the lack of reactive power. 
The over-voltage produced by the PV system can 
have negative effects on the operation of both the 
utility and customer sides. Power fluctuation may 
cause power swings in lines, over- and under 
loadings, unacceptable voltage fluctuations, and 
voltage flickers [2]. 

All these investigations have covered, 
balanced grid faults, but the majority of grid 
faults is of the unbalanced nature. The unbalanced 
voltage can cause many problems like unbalanced 
heating in the machine windings and a pulsating 
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torque, leading to mechanical vibration and 
additional acoustic noise [3]. The STATCOM 
control structure can be adapted to these 
unbalanced- voltage conditions [4], and the positive 
and the negative sequence of the voltage can be 
controlled independently. Different current 
injection methods based on symmetrical 
components can also be applied to the STATCOM, 
resulting in different output-power distributions 
[5], [6]. This paper proposes the integration of 
STATCOM with the grid connected PV system for 
voltage control during balanced and unbalanced 
change in load. 

 

2. PV  POWER SYSTEM 

 

The analyzed PV system consists of PV 
panels and DC-DC converter controller using 
MPPT technique. 

 

2.1  PV Panel 

The PV cell generates DC electricity 
whenever it is subjected to sunlight.   Solar 
radiation sustains all forms of life on earth. 
According to estimates, the sun radiates 1.74 x 10 17 
W of power per hour to earth the daily solar energy 

radiation varies from 4-7 kWh per ��and there are 
270-300 sunny days in a year. Generated power in 
the single PV cell is very less.  For practical 
applications many PV cells are interconnected. 
Number of cells in series decides the voltage and 
the number of cells in parallel decides the current 
[7]. 

 
Figure 1: Equivalent Circuit of Solar Panel 

 

The following parameters were used in the 
calculation of the net current of a PV cell. 
Saturation current of the diode, Io, Net current from 
the PV panel I, Light-generated current inside the 
cell IL, Series resistance Rs, which is the internal 
resistance of the PV panel, Shunt resistance Rsh, in 
parallel with the diode, Rsh, is very large unless 
many PV modules are connected in a large system, 
Diode quality factor, n. In an ideal cell Rs is 0 and 
Rsh is infinite. The net current of the PV cells is the 
difference between the output current from the PV 
cells and the diode current is given by [8] [9]. 

  

I � I� � I� �e�����	
���
� � � 1�																																			
1� 
Where V is the voltage across the PV cell, 

k is the Boltzmann’s constant (1.381 x 10 _23J/K), T 
is the junction temperature in Kelvin, q is the 
electron charge (1.602 x 10_19 C), n is the diode 
quality factor (1.62). 

 

2.2  Incremental Conductance Mppt 

Maximum power point tracking is 
essential in solar power system because of its 
variable power and voltage throughout the day.  An 
incremental Conductance algorithm is proposed for 
MPPT In this paper.  It decides duty ratio of DC-
DC converter connected after PV panel based on 
the power deviation.  In incremental conductance 
method the array terminal voltage [10] [11] is 
always adjusted according to the MPPT voltage it is 
based on the incremental and the instantaneous 
conductance of the PV module. 
The basic equations of this method are as follows. 
 dI
dV � � i

u																																																																					
2� 
 

dI
dV � � i

u																																																																					
3� 
 

dI
dV � � i

u																																																																					
4� 
 

The I and V are P-V array output current 
and voltage respectively. The left hand side of 
equations represents incremental conductance of P-
V module and the right hand side represents the 
instantaneous conductance. When the ratio of 
change in output conductance is equal to the 
negative output conductance, the solar array will 
operate at the maximum power point [11]. The 
Flow chart of incremental conductance MPPT is 
shown in figure 2. 
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Figure 2: Incremental Conductance MPPT Flow Chart 

 

In this method the peak power of the 
module lies at above 98% of its incremental 
conductance. This method is easy to implement. 

 

2.3  DC–DC Buck-Boost Converter 

Buck boost converters are capable of 
increasing and decreasing the output voltage with 
respect to the input voltage [14].  It has been 
proposed in this paper in sequence with PV panel; 
since the PV panel voltage is varied with radiation.  

The buck boost converter is designed with 
at least two semiconductor switches such 

as diode and a transistor ,  and at least two energy 

storage element, a capacitor and an inductor. The 

switch is typically of a MOSFET, IGBT or BJT in 

this paper MOSFET is proposed.  Figure 3 

shows the circuit of buck boost converter.  
 

 
Figure 3. Schematic Of Buck-Boost Converter 

 

The Buck boost converter is the 
combination of buck converter and boost converter. 
The output–input voltage conversion ratio is the 
conversion ratio of the two converters in cascade 
when the switches in both the converters have the 
same duty cycle. Buck–boost conversion ratio 
obtained through buck converter in the first stage 
results in a buck-boost-cascaded converter.  Based 
on the requirement D can be varied widely which is 
necessary for the PV power system.  

Buck-boost converter, thus does not have 
an on-operational zone that is no limitation for duty 
ratio.  So changing the duty cycle enables operation 
from short-circuits current to open-circuit voltage 
of PV panel.  

 

3. CONTROL STRUCTURE OF 

STATCOM 

Voltage oriented Vector control with grid 
voltage is the basic principle of the STATCOM 
[13]. It is the combination of two control structures 
such as inner current controllers and outer DC 
voltage and reactive power controllers. The control 
structure is adapted in four steps to guarantee safe 
operation and to achieve the given current injection 
targets under unbalanced grid voltage condition. 
1. Positive and negative sequence detection based 
on dual second order generalized integrator's 
(DSOGI) 
2. Current injection target calculation based on the 
power calculations under unbalanced grid voltage 
3. Negative sequence current control using resonant 
controllers 
4. DC voltage and reactive current control loop 
modifications. 
The overall control structure is shown in Fig. 4. 
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Figure 4:   The Proposed Control Structure Of The 
STATCOM To Control The Positive And The Negative-

Sequence Voltage Independently. 

Proportional Integral (PI) controller is 
proposed in the inner current controllers a n d  
i n  v o l t a g e  c o n t r o l l e r  in a rotating dq 
reference frame with grid voltage orientation in 
STATCOM. The PI controller equation is 

�
�� � ��	�
�� � ���	�
��. ��																							
5�	 
The modeling and PI  controller gain 

design for three phase converter are described in 
[15], [16]. 

The inner current loop is designed with a PI 
controller for negative sequence and positive 
sequence current in STATCOM. The overall control 
structure is shown in Figure 3.  

 The number of levels of voltage source 
converter in the STATCOM is chosen based on 
the power rating. Nominal power 
applications are employed with two-level 
voltage source converter, while multilevel 
topologies will be used for high-power applications.  
Since IGBTs are used in converter the output 
voltage is non sinusoidal, so LCL filter in sequence 
with the converter is proposed in this paper to remove 

ripples and produce pure sine wave from inverter 
output,  

The outer voltage control loops are 
designed to control the DC voltage and AC 
voltage.  AC voltage is the voltage at the 
connection point of the STATCOM and is separated 
as positive and negative sequence voltage.  Using 
the sequence separation, the positive and the negative 
sequence of the voltage appear as dc values and it 
is processed by PI controllers to produce reference 
currents.  It states the separation of the measured 
voltage into positive- and negative- sequence 
components decides the accuracy of reference 
current and voltage compensation.  Many sequence 
extraction methods are discussed in [18], [19], in 
this paper dual second-order generalized 
integrators [17] is proposed.   The current 
references given by the four outer controllers are 
limited to the maximum STATCOM current for 
safety operation.  The priority is on the positive-
sequence reactive current.  

The positive and negative sequence current 
references are added to produce reference signals 
to inner current loop. The negative sequence 
current references must be transformed into the 
positive rotating reference frame by a coordinate 
transformation with twice the grid voltage angle 
[20].  

In this paper the balanced and unbalanced 
load faults in grid are compensated using positive-
sequence voltage and the negative-sequence 
voltage compensation method.   

 

4. SIMULATION RESULTS AND 

ANALYSIS 

 

The system analyzed consists of a 1MW 
PV power system connected with the grid. The 
STATCOM is connected between PV system and 
grid. The STATCOM is modeled as controlled 
voltage sources. Both devices are connected to 
the same low voltage bus and then connected to 
the medium voltage bus by a transformer. The 
medium voltage level is connected to the high 
voltage level by a second transformer. Both 
transformers are rated for the sum of the PV 
system and STATCOM power and have a series 
impedance of 5% and 10% per unit. The grid fault 
is assumed at the high voltage level of the grid. 

 
The entire system is simulated using 

Matlab / Simulink. The performance of the PV 
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system with STATCOM is analyzed with various 
loads in the grid.  , When sudden changes of load in 
the grid will create sag and swell in the grid voltage. 
In this paper, balanced and unbalanced loads are 
considered for analysis.   The sudden rise in the load 
makes sag in voltage whereas a sudden drop in load 
causes swelling in voltage. The simulation model of 
the system is shown in figure 4. 

 

Figure 5: The Simulation Model Of The System 

The system is initially with sag by balanced and 
unbalanced load. The figure 7 shows the sag caused 
by a sudden rise in load in three phases equally. 
 

 
Figure 6: Sag In Voltage By Balanced Load Change 

 

Figure 6 shows that the uncompensated sag in three 
phase voltage. All phase voltages are suddenly 
reduced (sag) equally because of balanced load.  

 
Figure 7: Sag In Voltage By Unbalanced Load Change 

 

The figure 7 shows the sag caused by a sudden rise 
in load in three phases unequally. 
 

 
Figure 8:  Swell In Voltage By Balanced Load Change 

 
Figure 8 shows that the uncompensated swell in 
three phase voltage that is all phase voltages are 
suddenly raised (swell) equally because of balanced 
load.  
 

 
Figure 9:  Swell In Voltage By Unbalanced Load Change 

 

The figure 9 shows the effect of a sudden drop of 
an unbalance load in grid voltage (swell) in three 
phases unequally. 
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Figure 10:  Compensated Voltage By STATCOM 

 

The figure 10 shows that the compensated voltage 
by the STATCOM for all above cases discussed. 
 Figures 6-9 shows various instability in voltage 
due to change in load. From the figure 10 it is clear 
that the proposed STATCOM compensates 
oscillation in voltage and provides constant voltage.  

 

5. CONCLUSION 

Effective utilization of renewable energy 
is important than generation. Instability in voltage 
of grid connected PV system reduces efficiency of 
PV system and quality of voltage. To overcome this 
problem integration of grid connected PV system 
with the STATCOM is analyzed in this paper.  The 
performance of STATCOM is analyzed with 
various parameters such as sag, swell, balanced and 
unbalanced load. From the simulation results it is 
obvious that the STATCOM effectively 
compensates the oscillations in voltage and 
maintains power quality. The application of 
STATCOM effectively increases the utilization of 
PV systems in grid. This control system may extend 
to other grid connected renewable power system.   
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