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Abstract— This work presents a method to reduce reactive 

power in a grid connected solar photovoltaic system. The 

Voltage Source Inverter (VSI) is connected in between the 

DC link of DC-DC converter connected with the photovoltaic 

solar panel as the source and the grid. The control strategy 

used is based on theory of instantaneous reactive power 

theory (p-q theory). When any supply is connected to the load 

reactive power is generated due to the harmonics present in 

load at different levels of irradiance. According to this 

method the active power is sent to the grid and the generated 

reactive power is eliminated. The eligibility of the proposed 

method is validated in MATLAB / Simulink environment. 
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I. INTRODUCTION 

In recent Scenario, the increment in electricity consumption 

has accelerated the need of higher power quality and 

improved stability. One of the major conveniences concerns 

is to maintain network reliability. Rising energy demand 

raised concerns about overloading steady state, increasing the 

risk of voltage failure and potential steadiness problems. As 

a result, rising energy consumption and the cumulative usage 

of nonlinear loads have generated new challenges for power 

stability and quality, necessitating the need for security, an 

efficient and reliable Alternating Power Network. Coal and 

other fossil fuels are expected to become extinct in the near 

future. In addition to general pollution, concerns such as 

greenhouse gas emissions, acid rain, and global warming 

have emerged. As a result of environmental regulations and a 

serious lack of traditional energy sources, renewable energy 

has already become increasingly appealing. Solar 

Photovoltaic (SPV) generation is a technology for converting 

solar energy into electrical energy by using photovoltaic cells. 

Due to its obvious advantages, such as simple construction, 

easy allocation, pollution-free, low maintenance cost, and so 

on, photovoltaic is becoming increasingly essential as a 

source of renewable energy in site. The design of a solar 

system utilizing a basic circuit model is provided in this 

study, along with comprehensive modelling of photovoltaic 

module circuits. The physical equations that regulate the PV 

module (which also apply to PV cells) are presented. 

Simulations were used to verify the behavior of the circuit 

model generated using the DC-DC boost converter [1]. The 

theory of instantaneous reactive power (PQ theory), which 

governs the active and reactive power at the inverter output, 

is proposed in this study. The experimental verification of 

simulation findings is shown here. This work also offers to 

use MATLAB/Simulink software to create a pv modelling 

system with maximum power point tracking (MPPT) 

function in order to model, e.g. The first model of the most 

significant component of a photovoltaic system, the solar 

module, has been developed. Under various temperature and 

irradiance settings, the properties of the developed solar 

module model were simulated and compared to those of the 

actual field test data. Following that, a photovoltaic system 

model with maximum power point tracker (MPPT), The 

perturbation and observation approach was used to construct 

a DC-DC buck-boost converter, which was then developed 

and simulated. 

II. PROPOSED SYSTEM MODEL DESCRIPTION 

For the study of the proposed system, expertise of 

mathematical models that represent the electrical values at the 

output of the Photovoltaic panel and solar cell is necessary 

[11]. 
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Fig. 1: Proposed Grid Connected PV System 

A. Equivalent Circuit of PV Modelling  

A PV array is made up of many PV cells that are wired in 

series and parallel. The greater voltage of the module is 

caused by serial connections, but the increased flow of 

current in the matrix is caused by parallel connections [7]. A 

solar cell may generally be approximated by a solar cell, as 

seen in Fig. 2. In reverse parallel, a current source and a diode 

are linked. It has its own resistance in series and parallel [5]. 

The barrier to the flow route of electrons at the output P 

causes series resistance, whereas the leakage current causes 

parallel resistance. 
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Fig. 2: Mathematical Model of PV 

Using the PV model, the current-voltage relationship of the 

PV cell is represented by the equations used in [5]. 

 Io is the reverse saturation or leakage current of the 

diode, where Ipv is the current generated by incoming light (it 

is directly proportional to the sun irradiation). 
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B. MPPT Algorithm 

MPPT algorithms are essential in PV applications because the 

MPP of a solar panel fluctuates with irradiance and 

temperature, necessitating the employment of MPPT 

algorithms to get the most power out of a solar array. 

Perturbation and Observation (P&O) is utilised in this study 

[8]. It's the most often utilised algorithm. The MPP is tracked 

using this approach, which involves perturbing the duty ratio 

of the boost converter on a regular basis depending on the 

slop of the power-voltage (P-V) curve. If the duty ratio 

perturbation increased the power, the following perturbation 

sign remains the same; otherwise, it is modified. This 

procedure is repeated until MPP has been attained. 

The P&O algorithm's flowchart is presented in Fig. 3. 
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Fig. 3: MPPT flow chart 

 

III. CONTROL STRATEGY OF GRID CONNECTED PV SYSTEM 

The “instantaneous reactive power theory” (P-Q theory) is 

utilized to regulate the grid-connected PV system's control 

strategy, and the hysteresis band control approach is utilized 

to regulate the inverter output current [9]. Figure 4 shows a 

block schematic of the proposed grid-connected PV system's 

control approach.  
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Fig. 4: Block diagram of control strategy of PV system 

 The PV inverter regulates the amount of active and 

reactive electricity that is injected. To compensate for load 

harmonics and reactive power, the PV inverter is also 

employed as an active power filter. 

A. Active Power Control 
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Fig. 5: Block diagram of Inverter’s active power control 

Some losses in the circuit are produced by the voltage source 

converter's switching action (as above). When the PV runs 

and sends active Power to the grid, the losses are 

compensated by the solar system [10], as shown in the block 

diagram of Fig. 5. The losses are compensated by the investor 

network during the time when the PV system is producing 

active power. 

B. Reactive Power Control  

The instantaneous imaginary power q corresponds to the 

instantaneous reactive power [13], which is introduced by the 

p-q hypothesis. According to theory, the inverter supplies the 

load with instantaneous reactive power, which is provided by 

the equation p-q: 

C. Reference Current Generation 

The p-q theory, which is based on instantaneous active and 

reactive power, uses the equation to compute reference 

currents in the - system. 

 Using the equation's reverse transformation. The 

reference currents in the ABC system of coordinates may be 

calculated using the following equation [13]. 

D. Current Control 

Control of the Present As shown in figure 4.8, the hysteresis 

band current control approach is used to regulate the inverter 

output current. A band is created in the hysteresis current 

control approach, within which the inverter current strives to 

stay close to the reference currents [9]. The control approach 

has the advantages of being relatively simple, having 

excellent dynamic behavior, and having a quick reaction 

time. 
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Fig. 6: Block diagram of hysteresis band current control 

technique 

 The inverter's actual output current is compared to 

the     tolerance band around the reference current associated 

with that phase for a sinusoidal reference current. The lower 

switch of phase A of the inverter is switched on and the upper 

switch is turned off if the actual current tries to exceed the 

upper tolerance band. If the real current tries to go below the 

lower tolerance band, the phase A switches to the other 

direction. The switching phases B and C are calculated in the 

same way. 

IV. SIMULATION RESULTS 

The proposed Photovoltaic cells are not only capable of 

supplying extracted solar power to the power system, but it 

also can significantly compensate the reactive power and 

mitigate harmonic currents which are drawn by non-linear 

loads. In order to demonstrate the validity of the concepts 

discussed previously in Fig. 4, the simulation using 

MATLAB/SIMULINK. Represented in the Fig. 7, simulation 

model work of grid connected PV system. A 255.02 Kw PV 

array system is designed as using SunPower SPR-WHT-D 

PV module simulation as per Table I. In the Table II shows 

the parameters of electrical power system used in the 

simulation. The reference DC link voltage is 700 volts and 

three phase ac side line to neutral is 230 volts. 

 
Fig. 7: Simulation model of developed On-grid SPV system. 

 
Fig. 8: Positive and negative sequence of active and reactive 

power 

 
Fig. 9: Variation in DC power of SPV system 

 
Fig. 10: Variation of output DC power of SPV system 

 
Fig. 11: Variation of gate pulse for controlling Inverter 

circuit. 

V. CONCLUSION 

Photovoltaic power seems to be the favorable clean energy 

source of the future. So, to optimize its use we have proposed 

a direct coupling of PV system to the grid. From the results 

obtained, it is proven that by using the proposed system, 

Photovoltaic power can be efficiently extracted by solar cells 

and injected into the grid and compensating reactive power of 

the load all 24 h of the day. The proposed system also 

compensates the harmonics content of nonlinear load. 

Finally, and according to the obtained results we can consider 

the proposed system to be efficient solution to the growing 

demand of power at the present and in the future. 

REFERENCES 

[1] Pandiarajan N, Ramaprabha R and RanganathMuthu. 

“Application of Circuit Model for Photovoltaic Energy 

Conversion System” INTERNATIONAL 

CONFERENCE’2010. 

[2] Marcelo GradellaVillalva, Jonas Rafael Gazoli, Ernesto 

RuppertFilho, “Modeling And Circuit-based Simulation 

of Photovoltaic Arrays” 10TH Brazilian Power 

Electronics Conference (COBEP), pp.1244-1254, 2009. 

[3] SoerenBaekhoejKjaer, John K. Pedersen FredeBlaabjerg 

“A Review of Single-Phase Grid-Connected Inverters for 



A Reactive Power Compensation Method in On-Grid SPV System 

 (IJSRD/Vol. 9/Issue 04/2021/150) 

 

 All rights reserved by www.ijsrd.com 577 

Photovoltaic Modules” IEEE Transactions On Industry 

Applications, 41(5), pp.1292-1306, 2005.  

[4] FredeBlaabjerg, ZheChen,SoerenBaekhoejKjaer, 

“Power Electronics as Efficient Interface in Dispersed 

Power Generation Systems” IEEE Transactions On 

Power Electronics, 19(5)1184-1194, 2004. 

[5] D. Picault, B. Raison, and S. Bacha “Guidelines for 

evaluating grid connected PV system topologies”. IEEE 

International Conference on Industrial Technology1-5, 

2009.  

[6] SouvikDasgupta, Sanjib Kumar Sahoo, and Sanjib 

Kumar Panda, “Single-Phase Inverter Control 

Techniques for Interfacing Renewable 

[7] Energy Sources withMicro grid—Part I: Parallel-

Connected Inverter Topology with Active and Reactive 

Power Flow Control Along With Grid Current Shaping” 

IEEE Transactions on Power Electronics, Vol. 26 

(3)717-131, 2011. 

[8] Mateus F. Schonardie, Adriano Ruseler, Roberto F. 

Coelho and Denizar C. Martins “Three-Phase Grid-

Connected PV System With Active And Reactive Power 

Control Using dq0 Transformation” IN:Proceedings Of 

Power Electronics Specialist Conference , Pesc Rhodes, 

Greec,1202- 1207,2008.  

[9] R.latha, C.Bharatirajaa, R.Palanisamyb, sudeepbanerji, 

Dr.Subhransu.Sekhar.Dashd, “Hysteresis Current 

Controller based Transformer less Split Inductor-NPC - 

MLI for Grid Connected PVSystem” International 

Conference on Design and Manufacturing, 224- 233, 

2013 (ICONDM 2013). 

[10] Georgies Tenseness, Georgies Adamidis, “Investigation 

of the behaviour of a three phase grid connected 

photovoltaic system to control active and reactive 

power” Electric Power System Research 81, ELSE. IER, 

177- 184, 2011. 

[11] Fabio L. Albuquerque, Ade´lio J. Moraes, Geraldo C. 

Guimara˜es, Se´rgio M.R. Sanhueza, Alexandre R. Vaz 

“Photovoltaic solar system connected to the electric 

power grid operating as active power generator and 

reactive power compensator” – Solar Energy 

84,ELSE,1310- 1317,2010.  

[12] P.G.Barbosa, L.G.B. Rollm, L.H.Wataabe, R.Hanltsch, 

“Control Strategy for Grid Connected DC-AC Converter 

with load power factor correction”.IEEGeneration- 

Distributiion,145(5),487-491,1998.  

[13] JoãoAfonso, Carlos Couto, Júlio Martins, and “Active 

Filters with Control Based On the P-Q Theory” IEEE 

Industrial Electronics Society Newsletter 47(3), ISSN: 

0746-1240, 5-10, 2000. 

[14] Hirofumi Akagi, Yoshihira Kanazawa, Koetsu Fujita 

And Akira Nabae “Generalized Theory Of Instantaneous 

Reactive Power And Its ” Electrical Engineering In 

Japan, Vol. 103, No. 4,483-490, 1983  

[15] Hirofumi Akagi, Yoshihira Kanazawa, and Akira Nabae, 

“Instantaneous Reactive Power Compensators 

Comprising Switching Devices without Energy Storage 

Components” IEEE Transactions on Industry 

Applications, VOL. IA-20, NO. 3, 625-629, 1984.  

[16] BrahimBerbaoui, Samira Dib, RachidDehini “Grid-

connected Photovoltaic Power Systems and Power 

Quality Improvement Based on Active Power Filter ” – 

TELKOMNIKA Indonesian Journal of Electrical 

Engineering, 12,no.8,5861-5868,2014.  

[17] Mr. Vinod S., DrBhavik N Suthar, “Novel Control 

Strategy for Gridconnected PVES for Smart Distribution 

System”. Fifth International Conference on Power and 

Energy Systems, Kathmandu, Nepal | 28 – 30, 2013. 


