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ABSTRACT: Solar PV converts solar energy directly into electricity without any intermediate conversion stage. As 

this process is eco-friendly and the solar radiation is cost free, solar energy harvesting through PV is a leading area of 

research in the renewable energy sector today. The efficiency of the present available domestic power in the market is 

very low due to multiple conversion stages and centralized application. A STATCOM with multi-rated PV sources is 

implemented in this project to reduce Power quality issues in domestic power supply. A novel strategy has been 

introduced to implement hardware prototype of proposed system using dSpic controller. The Total Harmonic Distortion 

(THD) of the output is also measured to verify proposed system suitable in real time. 
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I.INTRODUCTION 

 The growth in the global energy consumption is predicted to be 1.6-1.7% per year. The global consumption is going to 

hit 28TW by the year 2050. As the demand for energy is rising day by day and most of the global power demand is 

supplied by burning fossil fuels, renewable energy will contribute the global effort to meet the challenges of energy rise 

and climatic changes by providing clean energy In the centralized configuration, a number of PV modules are 

connected in series (called a PV string), and multiple PV strings are connected to a main STATCOM using diodes. 

Although the large, centralized STATCOM offers economies of scale, partial shading or any mismatch between the PV 

modules causes a substantial drop in the generated power output. The STATCOM solution employs the opposite 

approach by using a small STATCOM for individual MPP tracking of each PV module, maximizing possible energy 

harvesting. Therefore, reducing or even losing the output of a single module due to partial shading or an STATCOM 

failure has a minimal impact on the overall system performance. However, the main drawback of the STATCOM 

concept is a higher initial equipment cost per peak watt. This increased cost is due to the use of an STATCOM for each 

panel with much of the functionality of a centralized STATCOM. In smaller PV systems, such as residential 

applications, the STATCOM price has less effect on the overall cost, and therefore, STATCOMs are the preferred 

solution. As the price of STATCOMs comes down, this technology will be more attractive in other applications. 

 

 
Figure 1 STATCOM topology 
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String technology is another configuration for PV systems, where a string of PV modules is connected to a single 

inverter integrated with an MPP tracker. Therefore, the string inverter can avoid most of the weaknesses of the 

centralized configuration. Nonetheless, the string technology has a power limit due to a limited number of series 

connections. The STATCOM [1] solution is an enhanced version of the string topology and ensures optimum energy 

harvesting and cost. In its conventional configuration, several strings are interfaced with their own MPP-tracked dc–dc 

converter to a common inverter as shown in Fig. 1. The STATCOM approach allows the integration of strings with 

different features with respect to the manufacturing technology, geographic orientation, and number of modules per 

string. It also enables the enhanced operation of the PV systems in partial shading conditions when the PV strings are at 

different irradiance levels and operating temperatures. The conventional STATCOM [4] PV topology has the 

disadvantage of poor conversion efficiency because of two stages of power conversion and the use of several bulky 

limited-lifetime electrolytic capacitors in the main dc-link. 

 

 In this Paper, a simple Static Compensating (STATCOM) scheme using a Cascaded Five-level inverter-based 

multilevel inverter is proposed. The main objective of this Paper is to ensure the DC Source voltage stability of the 

inverters during both balanced and unbalanced load conditions and also to reduce the THD at the point of coupling of 

the STATCOM from 22.54% as reported in reference [1], hence increasing the overall Power Quality and reliable 

operability of the STATCOM. Similar to the conventional multi-string topology, the proposed inverter can handle an 

arbitrary amount of PV strings with different electrical parameters and working conditions. However, the proposed 

topology has a single stage of soft-switched power conversion with no electrolytic capacitor in the link. Therefore, this 

converter is expected to have an improved efficiency, high power density, and enhanced reliability. 

   

II. PROPOSED PV STATCOM  

  The soft-switched PV STATCOM with multi-rated PV source is shown in Fig. 2. The number of the input PV strings 

as well as their characteristics, operating voltages, and power levels is completely arbitrary. The proposed STATCOM 

can individually collect the maximum possible power of each string regardless of its location, orientation, irradiation 

level, or operating temperature. A capacitor is placed on primary side of the transformer for soft switching and to 

behave as passive snubbers as well. In this way, they provide paths for the leakage inductance currents of the 

transformer when the switches are turned OFF and avoid voltage spikes [1].  

 

 
Figure 2 Proposed PV-STATCOM 

 

       The converter needs to have two reverse-blocking switches for each PV string in addition to two more reverse-

blocking switches for the return leg. A reverse-blocking switch can be realized by a conventional IGBT or MOSFET in 

series with a diode. The newly available individual reverse-blocking switches can also be employed with the advantage 

of lower total on-state voltage. 
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 A. Control Scheme 

The Fig.4 shows the Control circuit topology of the cascaded Five-level inverter based STATCOM and Fig.5 shows 

the MATLAB SIMULINK Model of the Proposed Control circuit topology of the STATCOM.  

 

Figure 3 Control circuit topology of the cascaded Five-level inverter based STATCOM 

The function of the STATCOM controller is that if the power generated by the source is more than load demand 

connected downstream of the PCC, the excess power flows back towards the main grid. A substantial amount of this 

reverse power flow may cause voltage to rise on the distribution feeder more than the allowable limit (typical ± 5%) 

specified by the utility standards. 

 

In addition, a STATCOM voltage magnitude controller is designed to regulate the PCC bus voltage through a PI 

controller. The ac voltage controller generates the desired reactive current reference for the Reactive current controller. 

In the design of the STATCOM controller, it is essential to have good dynamic response in the transient period and to 

ensure minimal harmonics at steady state. The ac voltage magnitude controller acts as both as a transient modulation-

index controller and a steady-state modulation-index controller to achieve the goals of good transient response and 

minimal steady-state harmonics respectively.  

 

A. Controller Equations: 

Total DC Source Voltage Controller 

ed*=Vd-[Vdc(ref) -(Vdc1+Vdc2)-Id']+kIq'                                                                                 (1) 

STATCOM Voltage Magnitude Controller 

eq*1=1-sqrt(Vd*Vd+Vq*Vq)                                                                                 (2) 

Inverter DC Source Voltage Regulator 

eq*2=Vdc(ref1)-Vdc2                                                                               (3) 

Reactive Power 

eq*3=[-(Iq*-Iq')-kId']-eq*2)                                                                                  (4) 

 

The controller is modelled based on the above equations (1) to (4). 
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III. SWITCHING ALGORITHM OF THE PROPOSED CONVERTER 

 

The operation of the proposed soft-switched STATCOM consists of several modes in each cycle depending on the 

number of PV panels connected. The switching flowchart of the converter is shown in Figure 4. The described switching 

algorithm can be extended to higher number of input solar PV panels. The entire 50Hz operating cycle can be divided 

into six modes with time period of 0.0033 seconds each. Total time period of cycle is 0.02 seconds. 

 

Mode 1 [see Fig. 5(a)]: Two PV-side switches (S2 and S31) are turned ON to connect the PV string with the lower 

instantaneous voltage to the STATCOM in the positive direction. This mode runs until 0.0033 seconds. Subsequently, 

the switches are turned OFF. In figures 5 and 6, it is assumed that PV1 voltage is higher than PV2 voltage. Therefore, 

PV2 is connected to the link in mode 1. 

 

 
Figure 4 Control flowchart of multistring STATCOM 

 

Mode 2[see Fig. 5(b)]: The switches(S1 and S31) are turned ON to connect the PV string with the higher instantaneous 

voltage ie PV1 to the STATCOM in the positive direction. The switches are turned OFF after 0.0066 seconds. 

 

Mode 3 [see Fig. 5(c)]: For obtaining a sinusoidal waveform at the output, the PV panel with lower instantaneous 

voltage is again connected to the STATCOM in positive direction. The PV-side switches(S2 and S31) are again turned 

ON. These switches are  turned OFF after 0.01 seconds. The positive half cycle of the output waveform is completed 

after Mode 3. The described sequence of the PV string is important and should be followed flawlessly to operate the 

converter properly. If, for instance, the highest PV voltage is mistakenly connected to the link in mode 1output 

waveform will be distorted. 

 

Mode 4 [see Fig. 5(d)]: The negative half cycle starts with connecting  the PV string with the lower instantaneous 

voltage ie PV2 to the STATCOM in the negative direction. Switches(S21 and S3) are turned ON to connect the PV 

string to the STATCOM. This mode runs until 0.0133 seconds and subsequently, the switches are turned OFF. 

  

   Mode 5 [see Fig. 5(e)]: The switches(S11 and S3) are turned ON to connect the PV string with the higher 

instantaneous voltage ie PV1 to the HFAC link in the negative direction. The switches are turned OFF after 0.0166 

seconds. 
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(a) Mode 1 

 

 
(b) Mode 2 

 

 
(c) Mode 3 

 

(d) Mode 4 

 
(e) Mode 5 
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(f) Mode 6 

 

Figure 5 Operating modes of PV STATCOM 

 

 
Figure 6 STATCOM output voltage and switching sequence 

 

Mode 6 [see Fig. 5(f)]: The switches (S21 and S3) are again turned ON to connect the PV string with the lower 

instantaneous voltage ie PV2 to the inverter in the negative direction. The switches are turned OFF after 0.02 seconds 

to complete the entire operating cycle. 

IV. SIMULATION RESULTS 

 
      The single stage STATCOM was simulated using MATLAB/SIMULINK tool. The PV cell was designed and 

simulated with the help of its equivalent circuit. Temperature and irradiation were considered as the changing 

parameters to change the output of the solar cell. Two PV cells of 12V and 24V were taken as input for the multistring 

configuration as per Figure 2. The switching circuit consists of reverse blocking switches using MOSFETs and diodes 

which are taken from simulink library. A two winding 12V/230V linear transformer is used to connect the inverter to 

the load side. Resistive load was considered for the simulation and the switching sequence were provided according to 

the operation described above. A 50Hz, 20V peak voltage waveform was obtained at inverter output. A 50Hz, 230V 

peak voltage waveform was obtained at secondary of transformer. The simulation diagram of STATCOM is shown in 

figure 7 and the output waveforms are shown in figure 8 & 9. 
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Figure 7 Simulation circuit of STATCOM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Output voltage of STATCOM 

 

                  
Figure 9 Output voltage of transformer 
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      The inverter output voltage was read back into the machine to calculate the Total Harmonic Distortion (THD) 

through Matlab FFT analysis. The THD was measured to be 28.74% without the use of filter circuit as shown in figure 

10(a). A simple filter circuit was designed to reduce the harmonics in the inverter output and thus reducing the THD. 

After connecting the filter circuit at the output, the THD was measured 10.83% as in figure 10(b). The THD was 

measured considering three cycles of each waveform. THD can be further reduced by proper design of filtering circuits 

to obtain pure sinusoidal output. 

 

 
(a) Without filter 

 
 

(b) With filter 

Figure 10 THD Analysis for proposed STATCOM 
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V. CONCLUSION 

 

        A single stage soft-switched STATCOM for PV systems was simulated using MATLAB/SIMULINK tool and 

prototype was implemented by interfacing with dSPIC controller. This multi-rated source STATCOM can have an 

arbitrary number of PV strings and is able to obtain the maximum possible power of each string independently. The PV 

strings can be of different electrical parameters and working conditions. Simulated digital gate pulses are provided to 

the switches by dSPIC controller. A single phase 50Hz transformer is responsible for boosting the voltage to required 

output level. Small ac capacitors on primary side of the transformer realize soft-switching operation. They also behave 

as passive snubbers to avoid voltage spikes. The control scheme and the switching algorithm of the proposed 

STATCOM were described. The output of STATCOM is also read by machine to measure the THD using Matlab FFT 

analysis. THD of the output waveform was reduced to 10.83% using filter circuits. 
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