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Abstract- In a power system of conventional parallel-connected generators, share of real power and reactive var of an incoming 

generator are controlled by adjusting shaft power input and field excitation. The scenario of load sharing by a grid connected PV 

system is however different. Since no prime mover or excitation source are present. Due to serious power crisis, there is a need for 

the transfer of PV power to the grid systems. However, this needs intensive analysis on the load sharing phenomena. In this study, 

aspects of load sharing of a grid connected PV system utilizing boost inverter are analyzed, and a strategy is proposed where the 

load sharing task can be undertaken controlling the modulation index of the boost inverter.  We also have briefly surveyed the 

characteristics of the boost inverter for different voltage levels and prescribed a range of modulation index for which the system 

can perform perfectly for each of these voltage levels. It is seen that both real power and reactive var are affected upon the change 

in the modulation index of the boost inverter. Analysis and simulation results are presented to demonstrate effectiveness of the 

proposed control technique using boost inverter. 

Keywords- Boost inverter, PV system, Static Var Compensator(SVC), Modulation index, SPWM bridge inverter. 

 

1. Introduction 

In today’s world, electricity is a vital ingredient for both 

economic and social development. Adequate, reliable and 

reasonably priced supply of electricity is an essential pre-

requisite for national development. Due to the growing energy 

consumption around the world and the eminent exhaustion of 

fossil-fuel reserves, a great interest on alternative energy 

sources can be noticed nowadays. Among the clean and green 

power sources, the photovoltaic (PV) solar energy comes up as 

being a very interesting alternative to supplement the 

generation of electricity [1]. Solar Cells supply electric energy 

renewable from primary resources. Solar cells are rarely used 

individually. Cells with similar characteristics are under peak 

sunlight (1 W/  ) the maximum current delivered by a cell is 

approximately 30 (     ⁄ ). Cells are therefore, paralleled to 

obtain the desired current [5]. So, it can charge a battery up to 

12 volt DC. For residential use, all equipments require a pure 

sinusoidal 220V ac power supply. For this a static DC-AC 

converter is inserted between the solar cells and the distribution 

network. DC to AC conversion has been established as one of 

the most common operations in power electronics [2]. One of 

the characteristics of the most classical inverter is that it 

produces an AC output instantaneous voltage always lower 

than the DC input voltage [4]. Boost DC-AC inverter is a novel 

converter, whose main advantage is to achieve an output 
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voltage higher or lower than the input one. Other advantages 

are the quality of output voltage sine wave and reduced number 

of switches i.e. only four switches required.  This property is 

not found in the traditional full bridge inverter, which produces 

an instantaneous ac output voltage always lower than the input 

dc voltage [3].  

2. Equivalent Circuit Diagram of PV Cell 

The simplest model of a PV cell is shown as an equivalent 

circuit below that consists of an ideal current source in parallel 

with an ideal diode. The current source represents the current 

generated by photons and its output is constant under constant 

temperature and constant incident radiation of light. 

 

Fig. 1.  quivalent electrical circuit of a solar cell. 

The I-V characteristics of the equivalent solar cell circuit 

can be determined by following equations [13]. The current 

through diode is given by, 

      [ 
(
 (     )

   
)
  ] 

While, the solar cell output current, 

             

Now,  

        [ 
(
 (     )

   
)
  ]  

     

  
                 (1) 

Where, 

 : Solar cell current (A) 

   :Light generated current (A) [Short circuit value 

assuming no series/ shunt Resistance] 

  : Diode saturation current (A);   

 : Electron charge (1.6×10-19 C);     

T: Cell temperature in Kelvin (K); 

K: Boltzmann constant (1.38×10-23 J/K);   

V: solar cell output voltage (V);   : Solar cell series 

resistance (Ω);   : Solar cell shunt (parallel) resistance (Ω) 

n: is known as the “ideality factor” (“n” is sometimes 

denoted as “A”) and takes the value between one and two [12]. 

 

3. Grid Connected PV System 

3.1. Grid-connected or Utility-interactive Systems 

Grid connected photovoltaic systems are the most common 

type as they make use of the existing main electricity grid. 

They are simpler in design and easier for the installers to fit 

than off grid systems [6]. 

-A grid-connected system is connected to a large 

independent grid (typically the public electricity grid) and 

feeds power into the grid. 

-It is directly connected to the electricity network. 

-Primary components are the inverter, or power-

conditioning unit (PCU). 

-No battery or other storage is needed. 

-This is a form of decentralized electricity generation. 

 
Fig. 2. The diagram of grid-connected photovoltaic system. 

3.2. Stand-alone Systems or Off-grid Systems 

This systems is particularly suitable in remote locations 

especially those where the property is more than one-quarter 

mile from the nearest power lines. Often the installation of an 

off grid PV system proves more cost-effective than extending 

the power lines [6]. 

-It is not linked to the mains electricity supply. 

-It supplies electricity to a single system. 

-It includes one or more batteries, which store the 

electricity. 

-A charge controller is used to avoid battery damage and 

optimizing the production. 

-But in direct coupled system no battery is needed. 
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Fig. 3. The diagram of stand-alone PV system. 

4. Load Sharing using SPWM Bridge Inverter 

There are different methods of load sharing techniques 

using SPWM bridge inverter.   

Droop control method and average power control method 

are the load sharing techniques developed in stand alone ac 

power system based on the power flow theory of an ac system 

[3],[4]. Another approach is the current injection method, a pll 

is deployed to monitor the zero crossing of the sytem voltage 

and the current is injected to the system to control the real and 

reactive power of the system. 

4.1. Fundamental Building Block Diagram 

A PV power inverter system in parallel with a load and 

utility grid is shown in Fig. 4.    Represents sum of 

synchronous reactance of generator and reactance of 

transmission line. The dc voltage obtained from PV array is 

converted to ac through the inverter. Transformer steps up the 

voltage. A LC filter is connected to remove unwanted 

harmonics. The power is then fed to the load. 

 

Fig. 4. Fundamental building block diagram of the grid 

connected PV system. 

 

5. Principle of Load Sharing with Control of Real and 

Reactive Power 

The load sharing principle in case of parallel-connected 

generators and grid connected PV system are described below 

separately.  

5.1. In Parallel Connected Generators 

Two parallel generators A and B shown in Fig 5. supply a 

load of a certain power and power factor. Controlling the 

mechanical power input and excitation respectively can control 

real and reactive power delivered from generators. 

 

Fig. 5. Two parallel generators supplying a load. 

5.1.1. Control by Changing Mechanical Power Input 

The input mechanical power or shaft power to the 

generator can be changed by changing the opening of the 

valves through which steam (or water) enters a turbine. Real 

power delivered by generator is given by 

  
     

 
                             (2) 

 
Fig. 6. Vector diagram of voltages and currents for change in 

shaft power input only in case of parallel generators. 

If excitation    is kept constant,    will remain constant. 

Increasing the input shaft power will result the rotor speed start 

increasing. But rotor speed cannot exceed bus frequency. So   

will start to increase if    and   remain constant. The generator 
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will start delivering more real power. Again the real power 

delivered is 

                             (3) 

From the vector diagram shown in Figure 7, we see that  

                            (4) 

If   is increased keeping    constant,      will increase. 

Since    is constant,    will increase. Again   will decrease 

with the increase of  . So        will increase. Therefore, 

delivered real power               will increase. It is seen 

in the diagram that        remains the same with the increase 

of  . So the reactive power              will remain 

constant. 

5.1.2. Control by Changing Excitation 

Let us reduce excitation    keeping the input shaft power 

constant. Since the input shaft power is constant, delivered 

real power will be constant. It implies that        will remain 

constant. A reduction in    must reduce   . So       increases 

i.e.   increases. Since    is considered constant,        must 

remain constant for constant output real power. From the 

vector diagram shown in Fig. 7. it is seen that        varies 

with the change of excitation.                                                       

So, the reactive power              varies. Therefore it 

can be inferred that changing excitation only varies reactive 

power if input shaft power is kept constant. 

 

Fig. 7. Vector diagram of voltages and currents for change in 

excitation only in case of parallel generators. 

5.2. In Grid-connected PV System 

In the present grid-connected PV system scheme as shown 

in Fig. 8, power is fed to the load from the PV array. If the 

generation of power from PV array is not sufficient to serve the 

load demand, the deficit can be compensated from the grid. If 

the generated power is greater than the load demand, the excess 

power can be fed back to the grid. 

 
Fig. 8. Block diagram of the grid-connected PV system 

showing the sharing of load. 

The vector diagram comprising the voltage and current 

vectors for the grid-connected PV system is shown in Fig. 9 

 

Fig. 9. Vector diagram for voltages and currents in grid-

connected PV system. 

5.3. Inverter Branch: Equivalent Circuit and Analysis for  

Voltages and Currents 

The PWM voltage is fed to the transformer and its output 

is then filtered. The filtered voltage is fed to the grid through 

an inductance   .  The grid voltage is    whose variation must 

be within a specified range.  

 

Fig. 10. Equivalent circuit of the grid-connected PV system. 

The transformer shown in Fig. 10 are expressed by its 

equivalent circuit. If all the parameters on the primary side are 

referred to the secondary then the above circuit takes the form 

shown in Fig. 11 

Here,        
    ;        
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Fig. 11. Primary parameters of inverter branch of Fig. 10 

referred to secondary. 

6. Formation of Equation for Voltages and Currents Draw 

their Vector Diagrams and Wave Shapes 

Applying superposition theorem in the circuit shown in 

Fig. 11, the equation for   ,    and   can be developed.  

 

Fig. 12. Applying superposition theorem in the circuit of Fig. 

11,  (a). When      present only (b). When    present only. 

From fig. 12(a), 

   

 
 

    

                   
 

                  

    
   

 
 

    

             
 

        
        

            
 

           

From fig. 12(b), 

    
  

                      

 

Where,                       

        
        

                
 

           

          ;           ;         

7. The Proposed Model 

In our reasearch we have proposed a SPWM boost DC to 

AC converter followed by a Static Var Compensator (SVC) to 

control the reactive power from the PV panel. More over to 

regulate the real power we have adjusted the modulation index 

of the SPWM inverter. The topology is presented below. 

 

Fig.13. The proposed model. 

7.1. The SPWM Boost  Inverter 

By briefly studying the behavior of the Boost Inverter on 

grid connected PV system; several significant features have 

been found which are mentioned below: 

 More silicon less iron and compact size  

 Reduction of transformer size.  

 Elimination of harmonics and power savings is high  

 No filter is needed and cost effective and. 

 No MPPT charge controller is needed. 

7.2. Static Var Compensator(SVC) 

We have used a variable shunt capacitor as the SVC in our 

proposed system.The power factor correction can also be 

illustrated from power triangle.  

Thus referring to Fig. 14, the power triangle OAB is for 

power factor cosФ1, whereas power triangle OAC is for the 

improved power factor      . 

It may be seen that active power (OA) does not change 

with power factor improvement. However, the lagging KVAR 

of the load is reduced by the p.f. correction equipment, thus 

improving the p.f. to      . Leading KVAR supplied by p.f. 

correction equipment 

= BC= AB –AC  

=KVAR1 –KVAR2 

=                  

The 

PV 
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C 
Transfor

mer 
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Grid 
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= KW                               (5) 

 

Fig. 14. The power triangle. 

Knowing the leading KVAR supplied by the p.f. correction 

equipment, the desired results can be obtained. It can be shown 

that, the reactive power supplied by the Capacitor  

=                       (6) 

Where,     
  

  
 and    

 

    
 

From equation (5) and (6)we can show that 

  
                   

  
                 (7) 

Using the equation (7) we can easily calculate the value of 

C from known values of  , KW, Ф1, Ф2  and   .  We have used 

this relation to compensate reactive power  supply from our 

inverter.The transformer used in the next stage is a low 

frequency step up transformer with a low turns ration. The use 

of boost inverter substantially reduced the size of the 

transformer, so as the cost. It meets our one of the objective of 

design using less iron and more siicon.The design can be  

realized without the transformer also but we have intentionally 

used the transformer to get a safe isolation at the user premises. 

8. Details Circuit Configuration and Simulations Results 

By thoroughly analyzing the aforementioned circuit 

diagram for several voltage levels and by varying the 

modulation indices for each of these different voltages the 

following set of data can be found. 

    =24v (DC) 

For Modulation index=0.50 (Without capacitance C5) 

  =12; 

  =−12; 

TR=0.248ms; 

TF=0.001ms; 

PW=0.001ms; 

TD=0;  

             

Frequency=50Hz; 

              
               

             
     =0.1h 

8.1. The Circuit Diagram 

 

Fig. 15. The Detailed Circuit Configuration. 

8.2. Output Curves 

 

Fig. 16. Output voltage (Vout) without capacitance (C5). 

 

Fig. 17. Output real power (Prms) without capacitance (C5).  
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Fig. 18. Output reactive power (Qrms) without capacitance (C5). 

 

Fig. 19. Output Voltage (Vout) with capacitance 

(C5=152.50F). 

 

Fig. 20. Output real power (Prms) with capacitance 

(C5=152.50F). 

 

Fig. 21. Output reactive power (Qrms) with capacitance 

(C5=152.50F). 

8.3. Data Tables 

Table 1. Data for the variation of different modulation index for input 24V (DC). 

Modulation index Vamplitude (v) 
Output voltage, 

Vout(v) 

Real power, 

Prms(w) 

Reactive power, 

Qrms(var) 
%THD 

Value of 

capacitance,C5 (f) 

0.333 4.0 43.82 5.63 0. 51 1.58 20 

0.375 4.5 44.50 5.61 0. 51 0.45 70 

0.416 5.0 45.13 5.66 0. 51 1.03 95.55 

0.458 5.5 44.16 5.47 0. 51 1.53 123.50 

0.500 6.0 44.52 5.57 0. 51 2.41 152.50 

0.542 6.5 44.30 5.54 0. 51 3.40 181.85 

0.583 7.0 43.72 5.47 0. 51 4.59 215.35 

Table 2. Control of reactive power by applying parallel compensation (capacitance C5) by keeping it at a constant value of 0.51 

var. 

Modulation index Vamplitude (v) 
Output voltage, 

Vout(v) 

Real power, 

Prms(w) 

Reactive power, 

Qrms(var) 

% of total harmonic 

distortion(%THD) 

0.333 4.0 42.21 5.48 0.50 2.28 

0.375 4.5 49.90 7.63 0.70 2.11 

0.416 5.0 58.10 10.05 0.92 2.48 

0.458 5.5 67.09 13.06 1.20 2.78 

0.500 6.0 76.66 16.90 1.56 3.42 

0.542 6.5 81.17 19.44 1.77 4.36 

0.583 7.0 81.29 20.62 1.81 6.25 

 

In a power system of conventional parallel-connected 

generators, share of real power and reactive var of an incoming 

generator are controlled by differnet ways like adjusting shaft 

power input and field excitation. The circumstances of load 

sharing by a grid connected PV system is however different. 

There is no prime mover or excitation source are present in PV 

system. Sometimes in case of  power crisis, there is a need for 

the transfer of PV power to the grid systems. In that case the 
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real and reactive power for load sharing in grid connected PV 

power system can be easiay controlled as well as changed by 

changing the modulation index of the boost inverter. By our 

proposed modea we can easiay controa the reaa and reactive 

power efficientay by using an inverter and SVC feedback 

system. 

9. Conclusion 

After analyzing the overall research we can finally predict 

that without the SVC feedback the output voltage of the boost 

inverter has increased with the increase of the modulation 

index (ma). The real power, reactive var and the percentage of 

total harmonic distortion (%THD) has also followed the similar 

pattern. However, in case of the SVC feedback while keeping 

the reactive var constant; the output voltage, real power and the 

percentage of THD did not follow any predictive pattern. In 

addition to this, they were bounded within a particular range 

with the increase of the modulation index. Moreover, no 

significant fluctuation has been marked in the entire set of data 

for the SVC feedback. Finally we can recapitulate that, for  a 

fixed load power factor,  the  real  and  reactive power  can be  

varied by changing  the  modulation  index (ma), the output 

voltage of the boost inverter can also be varied and the total 

harmonic distortion (%THD) has also varied in a predictive 

manner. So our future plan is to develop a mathematical model 

for the robust controlling of boost inverter’s output voltage & 

power. The real power will be varied while the reactive power 

would be kept constant and vice versa. In doing so, the THD 

shouad be kept aow to maintain a high efficiency. 
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