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Abstract - Many countries are converting to renewable energy sources as the cost of grid electricity has risen dramatically. A 

DC-DC converter and a DC-AC converter are typically needed to link a solar photovoltaic system to the grid, and this is 

referred to as a double-stage conversion system. This proposed double-stage solar photovoltaic system adopts the suggested 

approach to deliver actual power and adjusts with the reactive power of the load. To further utilize the capacity of the 

voltage source inverter, a reactive power compensation operation is envisaged when there is no photovoltaic generation. The 

simulated results describe and demonstrate the multifunctional properties of the proposed methodology. 
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1. Introduction  
Solar photovoltaic technology advances and is 

implemented in grid-connected systems. Solar photovoltaics 

are an appealing option for generating environmentally 

benign power for various uses [1]. Solar photovoltaic energy 

is now widely employed in distributed generation systems. 

To deliver the most electricity to the grid, grid-connected 

solar PV systems must operate at their MPP [2]. Due to their 

simplicity and availability, the standard voltage source 

inverter and harmonic filter are the most utilized interface 

units in grid-connected solar photovoltaic system 

technology [3]. 

 

It is popular to use dual- and single-stage solar 

photovoltaic system topologies associated with the grid in 

single-phase power grids. This design includes two steps: a 

DC-DC conversion step and a DC-AC inverter step to 

connect the solar photovoltaic system to the grid, 

respectively [4] and [5]. In [6], an ANFIS-based solar PV 

system connected to the grid for voltage control is proposed. 

[7] implements a single-stage solar PV and energy storage 

system management based on a household electricity price. 

Due to its low efficiency and higher cost, the one-step 

technique is not appealing to network-connected systems 

that need to be efficient. But when comparing efficiency, the 

double stage architecture has become increasingly popular 

in low voltage applications since it is more efficient than the 

one-stage conversion method. In [8], [9], a comparison of 

the various interface units for two-stage topologies is 

offered. In [10], [11], and [12], [13], [14] a more efficient 

two-stage solar system connected to the network is detailed. 

However, the absence of neutral current adjustment will 

increase the percent THD of grid current. The solar 

photovoltaic system is based on a dual conversion unit to 

track MPP and connect to the grid in a dual-stage system 

linked to the electrical grid. With this design, the most solar 

photovoltaic power is given to the network in the most 

efficient, smallest, and cheapest way possible. 

 

Grid-connected solar photovoltaic systems have 

improved conversion efficiency, but they still face 

intermittent power generation and dynamic energy demand. 

Solar PV systems connected to the network can benefit from 

the addition of an energy storage system [15], [16] [17]. The 

literature [18], [19], and [20] investigate grid-connected 

solar PV energy management with energy storage. On the 

other hand, these systems use hybrid energy storage devices; 

two-step electric conversion is carried out in these systems. 

In [21], hybrid energy management and control storage 

system has been introduced for various modes of operation. 

A reconfigurable one-stage photovoltaic (PV) and a battery-

powered solar converter system has been developed [22], 

[23], [24], [25]. In this case, the peak power point can only 

be accomplished while the battery is being charged or when 

electricity is being injected into the grid, but not both at the 

same time. 

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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The proposed solar photovoltaic grid-connected system 

will operate with multiple functions in this work. Depending 

on the amount of solar PV energy available, the suggested 

control operation has two different working modes: 1) PV 

Power Mode and 2) No PV Power Mode. The organization 

document is as follows; the system's functioning under 

consideration is described in Section 2. The suggested 

system's architecture can be found in Section 3. The results 

of the simulation and their analysis are discussed in Section 

4. The planned work's conclusions are presented in Section 

5. 

 

2. The solar PV system is connected to the grid 

with real and reactive output control. 
A dual-controlled grid-connected solar PV system in a 

single-phase network is presented in figure 1. The 

photovoltaic modules are combined in series and in parallel 

to meet the voltage and supply requirements of the solar 

photovoltaic network. The DC-DC converter is controlled 

via a power peak tracking algorithm to track the peak of 

solar photovoltaic power. Two loops that control the voltage 

source inverter are i) the outer loop used for voltage control 

of the DC link and ii) the internal loop used for current 

control in PV mode. Additionally, the voltage source 

inverter offers reactive power compensation, current 

balancing, and active rectification, enhancing the power 

factor during the No PV power mode. 

 

During PV power mode, PV voltage (Vpv) and current 

(Ipv) are measured in the PV panel, and it is processed via 

peak power tracking algorithm, i.e., perturb & observe 

method. The peak power monitoring algorithm provides an 

operating cycle for the PWM generator. The PWM 

generator controls the electronic power switch in the Boost 

converter to get the most out of the PV system's peak power. 

The dc-link capacitor voltage (Vdclink) is measured and 

compared to the dc-link reference voltage (Vdcref). This 

error voltage is processed via the proportional-integral 

controller. The proportional-integral controller generates the 

reference peak current for the voltage source inverter. The 

reference peak current and cos(ωt) product is compared with 

the inverter current. The error current is processed through 

the proportional resonant controller, generating the control 

voltage. It is added to the grid voltage and passed via a 

sinusoidal PWM generator. The sinusoidal PWM generator 

generates the pulse for a single-phase inverter to supply the 

grid with real power during PV power mode. 

 

During No PV power mode, the switching signal 

concerning the DC-DC boost converter is cut off and 

disconnected from the system. During this mode, dc-link 

voltage (Vdclink) and dc-link reference voltage (Vdcref) are 

processed via a proportional-integral controller, and it 

generates peak current reference current. The reference peak 

current and cos(ωt) product is added to ILsin(ωt). This 

current is compared with inverter current (Ia) and processed 

through a proportional resonant controller. The proportional 

resonant controller output is added with grid voltage and 

processed via a sinusoidal PWM generator. The sinusoidal 

PWM generator generates the switching pulse for a single-

phase inverter to deliver reactive power to the load. 

 

 

Fig. 1The grid-connected solar photovoltaic system in a single-phase network 

. 
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3. Solar PV system design for single-phase grid 

connection 
The solar PV array is created by connecting the panels 

in series and parallel. The rating of the single PV panel is 

349.59 W, 43 V, 8.13 A. six-panel is connected in series to 

build up the voltage around 258 V. the total rating of the 

solar PV array is   2097.54 W, 258 V &8.13 A. For various 

irradiance circumstances, the Current vs. Voltage and Power 

vs. Voltage features of the proposed solar PV array are 

presented in figure 2. The Simulink model of a grid-

connected solar PV system is presented in figure 3. 

 

The DC-DC power converter is sized to match the 

output of photovoltaic solar panels.  

 

The DC-DC power converter is sized to match the output 

of photovoltaic solar panels. The input voltage of the boost 

converter is 258 volts, while the output voltage of the DC-

DC boost converter is 400 V. The DC-DC boost converter's 

maximum output current is 5.25 A. The boost converter's 

inductor value is 20 mH for a 2 % ripple inductor current. 

The capacitor value of the boost converter for the 2 % ripple 

capacitor voltage is 3000 µF. 

 

3.1. LCL filter design for grid-connected solar 

photovoltaic inverter 

To integrate solar PV into the grid, the harmonic filter 

is crucial. The LCL (Inductor-Capacitor-Inductor) filters 

between the inverter and grid as presented in figure 4.  

 

 
Fig. 2 The solar PV array's Current vs. Voltage and Power vs. Voltage characteristics. 

 
Fig. 3 Simulink model of a grid-connected solar PV system. 
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The filter design is depicted in this section. Equations (1) 

and (2) give the system's base impedance and base 

capacitance. 
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Fig. 4 Block diagram of the grid-connected PV inverter with LCL 

filter. 
 

Where Zbase is base impedance and Cbase is base capacitance. 

Vph represents phase voltage, P is the rated active power, 

and ωn is the nominal angular frequency. The value of the 

filter capacitor is selected based on the base capacitance of 

the system and is given in the equation (3). 
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Equation (4) gives the maximum current ripple considering 

20% of the maximum current.  

 

max max0.2*II =    (4) 

 
Where Imax is given in equation (5). 
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The filter inductances L1 and L2 are given in Equations (6) 

and (7). 
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Where L1 is Inverter-side filter inductance, fSW is inverter 

switching frequency, and VDC is DC-link voltage. 
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L2 is grid-side filter inductance, fg is frequency, and Vph is 

grid voltage. 
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The capacitor should be linked in series with a resistor 

to decrease oscillations and unstable states of the filter. 

Passive damping is a term used to describe this solution. It's 

easy and dependable, but it raises the system's heat losses 

and significantly reduces the filter's effectiveness. The 

following formula can be used to calculate the value of the 

damping resistor: 

f

R f

1
R

3* *C
=


    (9) 

 
Table 1 represents the parameters of the LCL filter. 

 
Table 1. Parameters of the LCL filter 

Parameter Value 

Grid voltage(Vph) 230 V 

The output power of the inverter(Srated) 2000 VA 

DC-Link voltage 400 V 

Grid frequency 50 Hz 

Switching frequency 15 kHz 

Inverter-side inductor L1 2.7 mH 

Grid-side inductor L2 5.71 mH 

Filter capacitor Cf 6.01 µF 

Damping resistor Rf 5.8274Ω 

 Resonance frequency(fr) 1513Hz 

 

3.2. PR Controller for grid-connected solar photovoltaic 

inverter 

 

The model of the PR control is presented in Figure 5. 
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Fig. 5 Model of PR controller 
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The following (10) is the best way to describe a PR 

controller's transfer function: 
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The proportional and resonance gains, respectively, are Kp 

and Kr. Like a PI controller, Kr is in charge of removing 

steady-state error while Kp is set to provide good transient 

response and stability [26].  

 

The unlimited gain associated with the ideal scenario may 

cause instability issues in practice. To increase the 

performance of the managed system, a non-ideal PR 

controller, as described in [27], can be used: 
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The controller's parameters are listed in Table 2. 

 
Table 2. Parameters of the PR controller 

 

Parameter Value 

Proportional gain (Kp) 8.5 

Resonant gain (Kr) 100 

 

4. Discussion of simulation findings 
The proposed single-phase grid-connected solar PV 

system is created in the MATLAB Simulink software. The 

Simulink model of the single-phase grid-connected solar PV 

system is demonstrated in Figure3. The proposed model is 

tested in two modes such as PV power mode and No PV 

Power mode. Constant irradiance, varying irradiance, and 

varying temperature conditions are considered in the PV 

power mode. No PV power mode reactive load is connected 

to the system, and corresponding results are analyzed.

 

 
(a) 
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(b) 

Fig. 6 Simulation results for constant irradiance at 1000 W/m2: a) PV voltage, current, power, and dc-link voltage, b) Grid voltage, current, real 

power, and reactive power. 

 

In constant irradiance conditions, irradiance and temperature are kept at 1000 W/m2 and 250 C, and corresponding results 

such as PV Voltage, PV Current, PV power, grid voltage, grid current, grid power, and dc-link voltage are measured and 

analyzed (Figure 6). 

 
(a) 
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(b) 

Fig. 7 Simulation results for varying irradiance from 1 kW/m2 to 0.5 kW/m2 at 0.5 sec: a) PV voltage, current, power, and dc-link voltage, b) 

Grid voltage, current, real power, and reactive power. 

 

 

From figure 7, it is observed that power generation 

from PV array is around 2095 W, PV panel is around 259 V, 

and PV current is around 8.08 A. The voltage at the DC link 

is kept at 400 V. The grid receives real power of 2000 W. 

The overall efficiency of the system is around 95.46 %.  

 

In varying irradiance conditions, various parameters of 

the PV system are measured and analyzed in figure 7. 

 

From Figure 8, it is observed that power generation 

from the PV array is around 1047 W, PV panel is around 

258 V, and PV current is around 4.05 A. The voltage on the 

dc-link is kept constant at 400 V. The grid receives real 

power of 1020 W. The overall efficiency of the system is 

around 97.42 %.  

 

In varying temperature conditions, the temperature 

varies from 25C to 10C; various parameters of the PV 

system are measured and analyzed in figure 8. 
 

 
(a) 
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(b) 

Fig. 8 Simulation results for varying temperatures from 25C to 10C at 0.5 sec: a) PV voltage, current, power, and dc-link voltage, b) Grid 

voltage, current, real power, and reactive power. 

 

From Figure 8, it is observed that power generation from the PV array is around 2205 W, PV panel is around 270 V, and 

PV current is around 8.16 A. The voltage on the dc-link is kept constant at 400 V. The grid receives real power of 2180 W. 

The system has a 98.8% total efficiency. The system is operated under No PV power mode during the nighttime, and the grid 

inverter system acts as a reactive power compensator. Figure 10 depicts the simulation results for this model. 

 

From figure 9, it is observed that the grid supplies only real power, around 2000 W, the grid inverter is supplying reactive 

power only, and it is around 1784 var. The planned single-phase grid-connected solar PV system's inverter served as a 

reactive power compensator during the night. 

 

 
(a) 
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(b) 

 

 

(c) 

Fig. 9 Simulation results for No PV Power Mode: a) Grid voltage, grid current, real grid power, and grid reactive power, b) Inverter voltage, 

inverter current, real inverter power, and reactive inverter power, c) Load voltage, load current, load real power and load reactive power. 
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5. Conclusion 
A double-level system connected to the photovoltaic 

grid with a coordinated control algorithm is presented. The 

Perturb & Observe approach using a DC-DC boost 

converter is employed to keep an eye on the peak power 

points of a solar photovoltaic system. With two alternative 

control algorithms, the voltage source inverter can be used 

in PV power mode and No PV power mode. The voltage 

source inverter injects real power from the solar PV system 

into the grid while in PV power mode. The voltage source 

inverter injects reactive power to compensate for the local 

load's reactive power needs when no PV power is available. 

The simulation study is performed using the system 

proposed in MATLAB Simulink software. The proposed 

system worked effectively in both modes based on the test 

results. 
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