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Abstract 

 

PV solar farms produce power during the day and are completely idle in the nights. This paper presents utilization of a PV solar 

farm as a STATCOM in a distribution networking to compensate the voltage level. A reference voltage is fixed in the comparator, 

then it compares two voltage signals and determines the drop voltage.PIC16F877A microcontroller is used to provide the pulse 

signal to the IGBT inverter to turn switch on and off based on coding. According to the switch condition the solar energy is used 

to improve the voltage level. This STATCOM functionality will provide the voltage regulation and improves the stability and 

transfer limits far beyond minimal incremental benefits.  

Keywords: Photovoltaic Solar Power System, LCL Filter, Reactive Power Control, IGBT, Microcontroller 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

FLEXIBLE AC transmission system (FACTS) controllers are being increasingly considered to increase the available power 

transfer limits/capacity (ATC) of existing transmission lines globally. New research has been reported on the nighttime usage of a 

photovoltaic (PV) solar farm (when it is normally dormant) where a PV solar farm is utilized as a STATCOM–a FACTS controller, 

for performing voltage control, thereby improving system performance and increasing grid connectivity of neighboring wind farms. 

 New voltage control has also been proposed on a PV solar farm to act as a STATCOM for improving the power transmission 

capacity .Although and have proposed voltage-control functionality with PV systems, none have utilized the PV system for power 

transfer limit improvement. A full converter-based wind turbine generator has recently been provided with FACTS capabilities for 

improved response during faults and fault ride through capabilities. 

 This paper proposes novel voltage control, together with auxiliary damping control, for a grid-connected PV solar farm inverter 

to act as a STATCOM both during night and day for increasing transient stability and consequently the Power transmission limit. 

This technology of utilizing a PV solar farmas a STATCOM is called “PV-STATCOM.” It utilizes the entire solar farm inverter 

capacity in the night and the remainder inverter capacity after real power generation during the day, both of which remain unused 

in conventional solar farm operation. Similar STATCOM control functionality can also be implemented in inverter-based wind 

turbine generators during no-wind or partial wind scenarios for improving the transient stability of the system. Studies are 

performed for two variants of a single-machine infinite bus (SMIB) system. One SMIB system uses only a single PV solar farm as 

PV-STATCOM connected at the midpoint whereas the other system uses a combination of a PV-STATCOM and another PV-

STATCOM or an inverter-based wind distributed generator (DG) with similar STATCOM functionality. Three-phase fault studies 

are conducted using the electromagnetic transient software EMTDC/PSCAD, and the improvement in the stable power 

transmission limit is investigated for different combinations of STATCOM controllers on the solar and wind farm inverters, both 

during night and day. 

II. FACTS DEVICES 

As previously mentioned FACTS devices are power electronic based equipment’s, which are used for the dynamic control of 

voltage, impedance and phase of high voltage AC transmission lines. There are basically two types of FACTS controllers; Thyristor 

based controllers and converter based controllers. Thyristor-based FACTS Controllers (including Static Var Compensator or SVC, 
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the Thyristor- Controlled Series Capacitor or TCSC, and the Thyristor-Controlled Phase Angle Regulator or TCPAR) employ 

conventional Thyristors (i.e., those having no intrinsic turn-off ability) to control one of the three parameters determining power 

transmission, voltage (SVC), transmission impedance (TCSC), and transmission angle (TCPAR). 

 The major members of this group, the SVC and TCSC, have a common characteristic in that, the necessary reactive power 

required for the compensation is generated or absorbed by conventional capacitor or reactor banks, and the Thyristor switches are 

used only for the control of the combined reactive impedance these banks present to the AC system. The tap-changer-based 

regulators do not inherently need a capacitor or reactor; however, they may do so if the AC system is unable to supply the reactive 

power needed to support their operation. Consequently, conventional Thyristor-controlled compensators, the SVC and TCSC, 

present variable reactive impedance to, and thus act indirectly on, the transmission network. 

 The SVC functions as a controlled shunt reactive admittance that produces the required reactive compensating current. Thus, 

the attainable reactive compensating current is a function of the prevailing line voltage. The TCSC is controlled reactive impedance 

in series with the line for the purpose of developing a compensating voltage. Thus, the attainable reactive compensating voltage is 

a function of the prevailing line current. Neither the SVC nor the TCSC exchanges real power with the ac system (except for losses) 

 PV Solar Panel 

A photovoltaic (PV) system directly converts sunlight into electricity. The basic device of a PV system is the PV cell. Cells may 

be grouped to form panels or arrays. The voltage and current available at the terminals of a PV device may directly feed small 

loads such as lighting systems and dc motors. In a PV solar system, the PV modules, often called PV panels, are the power 

generating devices. For a large scale PV system a number of PV modules are connected in series to form a ‘String’, and these 

strings connect in parallel to form an ‘Array’. 

 However, the PV modules, or panels, are comprised of a number of PV cells also connected in series and shunt configuration. 

These PV cells are a formation of p-n junctions from the doping of p-type and n-type substrates that are able to produce DC current 

and DC junction voltage upon the incidence of light due to the photovoltaic effect on semiconductors. As a result of the series and 

shunt combination of the cells in a module, the PV module can be equally characterized with an increased level of current and 

voltage. 

III. SYSTEM BLOCK DIAGRAM 

The block diagram describes that the generating station produces ac voltage and is given to the transformer T1.This voltage is 

given to the load through step down transformer. In the transmission line the sending end voltage is not received to the distribution 

side because there is some amount of voltage drop occurs.To compensate these voltage drop PV solar power is used as a 

STATCOM device for improving voltage level in the transmission line. 

 
Fig. 1: Block diagram of PV STATCOM 

 A reference voltage is set in the comparator and it compares the two voltage signals and it determines which one is greater. It 

find the voltage drop and send signal to the microcontroller.Output of the micro controller is given to the IGBT based three phase 

inverter to turn switch on/off. A solar panel produces the variable dc supply and it compensate the voltage drop. 

Voltage Drop   = √3I(R Cos θ + X Sin θ) L     (1) 

Voltage Drop = 2I (R Cos θ + X Sin θ) L         (2) 

Voltage Drop = in volts (V) 
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I = Current in amperes 

R= Conductive resistance in ohms/ 1000 ft. 

X= Conductor inductive reactance in ohms/1000 ft. 

L= one way length of circuit (source to load) in thousands of feet (K ft.) 

Z = Complex impedance ohms/ 1000 ft. obtain from Tables. 

θ = Phase angle of load 

Voltage Drop 3∅ = √3 I (Z) L                       (3) 

Z = Voltage Drop = Vd 

√3 IL√3 IL 

Voltage Drop 1 ∅= 21 (Z) L              (4) 

Z = Voltage Drop = Vd 

2IL             2IL 

 
Fig. 2: PV solar farm as a statcom with microcontroller 

To provide a formula for the maximum voltage drop in a power distribution network when the pads are small squares of side 2ε. 

The same problem with circular pads was tackled, where the authors claimed that the maximum voltage drop could be 

approximated by 

1/ 2π log ε + (0.1511 . . .) + o(1),                                        (5) 

Whereε is the radius of the pads. However, in it is shown that the actual formula should be given by 

1/ 2π log ε +12π log(πG) – 1/4ε2 +π7G8 300 ε8 +.,           (6) 

WhereG = Γ2 (1/4)/ (2π) 3/2 is the so-called 

Gauss constant, or, in numerical values, 

1/2π log ε + (0.1534 . . .)− 0.25 ε2 + (2.3706 . . .)ε8 + · · ·.(7) 

This is the maximum voltage drop in a power distribution network. 

 A 230v ac supply is given to the transformer from the main power supply. The solar panel produces 12v dc supply which is 

given to IGBT based three phase inverter, it converts dc supply into ac supply. A reference voltage is fixed in the comparator 

manually, which compares two voltage signal and determines which one is greater. The result of this comparison is indicated by 

the output voltage. The comparator operates in 5V supply. 

 PIC16F877A microcontroller has 40 pins,11th pin is connected to the output of the comparator and 32nd pin is connected to the 

IGBT based three phase inverter for ON/OFF switch. Solar panel produces 12V dc supply and is converted into ac supply by using 

three phase inverter. The IGBT connection is given to the LCL filter, it is used to reduce the harmonics. Further it is connected to 

the step up transformer. The 12V supply from the solar step up to 220V and is connected to the busbar to synchronize the supply 

voltage and the voltage from the solar. The resistive load is connected to the step down transformer i.e. (220v-18v). 
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IV. SIMULATION AND RESULT 

The below fig. shows the typical output of a tracking system based system of a cloudy day. It is clearly seen that the entire capacity 

of the inverter is available in the night from 6 pm to 6 am to be utilized for reactive power support as STATCOM. During the day 

in early mornings and late evenings a substantial amount of reactive power capability is still available for the PV system to operate 

as STATCOM. 

 
Fig. 3: Typical output of a solar system 

 
Fig. 4: Transient response curve 

 The transient response of the controller of the PV solar system following a 5 cycle three phase fault at a neighboring substation 

is shown in Fig.7. The fault occurs at 0.20seconds. The PV inverter controller responds rapidly achieving a steady state voltage in 

approximately 4-5 cycles. 

 
Fig. 5: Power quality improvement at UPF 
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 The Fig.5. Describes the dynamic operation of PV Solar plant as static synchronous compensator for power quality improvement. 

It is clearly observed that the source voltage and source current have the desired phase relationship with the help of active 

compensation action of PV-Statcom from 0.1sec to 0.2sec (PV-STATCOM On time), which indicates the improvement in power 

factor and quality of wave form (unity PF). 

 
Fig. 6: Real and reactive power exchange characteristics of PV solar system 

During night-time, when PV Solar system is completely idle, the controller as STATCOM injects reactivepower to the grid. On 

the other side, under sunny day condition, real power generation is made by the PV Solar system which is fed to the grid by 

controller. The Power - Time curve (Fig.5) shows the real and reactive power exchange by PVSolar controller as STATCOM. 

 Steady State Performance 

The PV solar system acts as a STATCOM for providing voltage support during the night time with the full rated inverter capacity, 

and during the daytime with the inverter capacity remaining after real power generation capability of PV solar system during night 

time while connected to a 45KVA transformer is shown in Fig.6. As expected the voltage capability increases with the size of the 

PV solar system. 

 
Fig. 7: Voltage regulation capability of different rating of PV Solar Systems 

V. CONCLUSION 

PV solar farms remain absolutely unutilized during the night and are only partially utilized during the day. This chapter presents 

the concepts of a novel use of a PV solar farm inverter as a PV-STATCOM, which can potentially lead to complete utilization of 

the PV farm inverter asset both during night and day. Two sets of novel PVSTATCOM technologies are presented: one based on 

the unused capacity of the solar inverter, and the other based on ―used‖ capacity of the solar inverter. These new applications of 

PV solar farms can help to improve the performance of power systems. In addition, they can potentially bring new sources of 

revenue for PV solar farms by providing these benefits, in addition to those earned from the sale of real power. 
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