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 Because of the increasing demand for non-conventional energy sources, 

photovoltaic system integration into the electrical grid is becoming more 

crucial. It is advised to employ a double-stage grid-connected PV system. This 

can be employed with the main parts boost converter, which helps to boost the 

DC output from the PV channels. And next one is the space vector pulse width 

modulation (SVPWM) inverter which can provide better harmonic 

performance and higher efficiency compared to traditional PWM methods. 

The SVPWM technique is employed to modulate the inverter output, 

generating a sinusoidal AC waveform that matches the grid frequency and 

voltage. By adjusting the pulse width to achieve effective and trustworthy grid 

integration. To maximize power extraction takes place by using maximum 

power point tracking (MPPT). The SVPWM inverter is crucial in converting 

DC power to AC power and enabling grid connection. Utilizing  

SVPWM allows exact control of voltage magnitude, frequency, and phase 

angle to provide high-quality sinusoidal AC output voltage. The power quality 

of the electricity pumped into the grid is improved by this precise 

management, which also ensures adherence to grid standards and reduces 

harmonic interference. 
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1. INTRODUCTION 

As the world seeks to transition towards cleaner and more sustainable energy sources, photovoltaic 

solar systems have emerged as a prominent solution for electricity generation [1]-[2]. Grid-connected 

photovoltaic systems efficiently utilize solar energy by integrating it into the existing electrical grid 

infrastructure. T using a boost converter in a double-stage grid-connected photovoltaic system innovatively 

enhances the system's grid compatibility and performance [3]. This introduction provides an overview of this 

advanced solar energy solution [4]. A double-stage grid-connected PV system with a space vector pulse width 

modulation (SVPWM) inverter is a sophisticated solar energy setup that maximizes energy extraction from PV 

arrays and ensures efficient integration with the electrical grid [5]-[6]. It offers numerous advantages in terms 

of energy efficiency, grid support, and environmental sustainability, making it a valuable solution for 

renewable energy generation and grid stability [7]-[8]. A DC-DC converter is frequently employed in a double-

stage system to maximize energy extraction from the PV array [2]-[5]. This converter efficiently adjusts voltage 

and current levels to meet the requirements of subsequent stages. It may incorporate features such as maximum 

power point tracking (MPPT) to optimize the PV array's power output [9]. The SVPWM inverter is a vital 

component in the system, converting the direct current output from the PV array into alternating current that is 

compatible with grid connection [10]. SVPWM is a sophisticated control technique used in inverters to generate 

https://creativecommons.org/licenses/by-sa/4.0/


Int J Appl Power Eng ISSN: 2252-8792  

 

Grid-connected double-stage PV system with space vector PWM inverter and MPPT (Ankathi Manjula) 

901 

high-quality sinusoidal AC waveforms with minimal harmonic distortion and high efficiency [11]. It assures 

grid compatibility and maximizes the use of DC power that is already available [12]-[13]. The grid-connected, 

double-stage PV system uses a controller to ensure efficient operation. The MPPT, voltage regulation, and grid 

synchronization algorithms of this controller are standard. Advanced control algorithms are often employed to 

effectively manage the power flow between the PV array and the grid [14]-[15]. 

 

 

2. GRID-CONNECTED DOUBLE-STAGE PV SYSTEM 

Figure 1 shows the block diagram of the proposed paper. The PV panels capture sunlight and generate 

DC electricity, representing the initial energy harvesting stage [16]. A boost converter is used to optimize 

power extraction from the PV array. It increases the DC voltage to a level that maximizes power 

output [17]-[18]. Despite changing environmental factors, the system will always function effectively at or 

close to the PV array's maximum power point (MPPT). The MPPT system continuously monitors the PV array's 

voltage and current to determine the optimal operating point for maximum power production [19]. It adjusts 

the boost converter's operation to maintain the PV array at this maximum power point [20]-[21]. The DC 

electricity produced by the PV array is converted into alternating current, which is acceptable for grid 

connection, using a sophisticated grid-tied inverter [22]. The grid-tied inverter ensures that the AC output 

closely matches the grid's voltage, frequency, and phase, enabling seamless grid connection without disruptions 

[23]. The double-stage photovoltaic (PV) system, which is connected to the electrical grid, is linked via a point 

of common coupling. [24], [25]. This is the point where the AC output from the inverter is synchronized with 

the grid's parameters and injected into the grid with the help of a control scheme. 
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Figure 1. Double-stage photovoltaic system block diagram 

 

 

2.1.  PV cell 

A photovoltaic (PV) cell utilizes the photovoltaic effect to directly convert sunlight into electricity by 

dislodging electrons from atoms in semiconductor materials through the interaction with photons from sunlight. 

PV cells are typically made from semiconductor materials, such as silicon. The PV cells are composed of a  

P-type layer, which is made of boron-doped silicon, and an N-type layer, which is made of phosphorous-doped 

silicon. These layers are positioned on top of a boron-doped silicon layer. When sunlight interacts with the PV 

cell, it generates an electric voltage and current by inducing the movement of electrons from the P-type layer 

to the N-type layer. Additionally, PV cells have two electrical contacts, with one located on the front and the 

other on the back. These contacts allow for the collection of the generated electrical energy. On their own, PV 

cells produce a limited amount of electrical power, typically in the range of 0.5 V to 0.6 V as direct current 

when not connected to a load. A solar module, also referred to as a PV module or solar panel module, consists 

of a series of interconnected PV cells enclosed within a protective material such as tempered glass and 

encapsulant. Its primary purpose is to increase power output compared to individual PV cells. Modules come 

in various sizes, with standard sizes such as 60-cell or 72-cell modules being common. Larger modules contain 

more PV cells, resulting in higher power output. They are configured to produce specific voltage and current 

outputs, usually in the range of 12 to 48 volts. 

 

2.2.  P&O algorithm of MPPT 

The algorithm referred to as the "P and O" algorithm, or the "perturb and observe" algorithm, is widely 

employed in maximum power point tracking (MPPT) for photovoltaic systems. MPPT is an essential technique 

utilized in solar power systems to optimize the power generated by solar panels by consistently monitoring the 

point at which the panels function at their highest power output. In the P&O algorithm Initially, the algorithm 

operates the PV system at a certain operating point. It slightly perturbs this operating point by a small 

increment. The power has increased or decreased. If the power has increased, it continues perturbing in the 

same direction. If the power has reduced, the perturbation direction is reversed, leading to a continuous 
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repetition of steps where the operating point is adjusted in each iteration until the algorithm reaches 

convergence at the maximum power point. 

 

2.3.  Boost converter 

A boost converter, also referred to as a step-up converter, is a DC-DC converter that elevates the 

voltage level of a DC input voltage to a higher DC output voltage. The mathematical equations for a boost 

converter can be obtained from its operational principles and circuit elements. Presented below are the essential 

formulas and equations for a boost converter. The duty cycle represents the percentage of time during which 

the transistor switch is in the on state, typically regulated by a pulse width modulation (PWM) signal.  

The duty cycle is given by: D = Ton / T, where Ton is the on-time of the switch and T is the switching 

period. The voltage gain of a boost converter is the ratio of the output voltage to the input voltage. 

 

Voltage gain: Vo/Vin = 1 / (1 - D) 

 

The input current can be calculated using the output current and duty cycle. 

 

Input current: Iin = Io / D 

Output power: Pout = Vo * Io 

 

2.4.  Three-phase inverter 

Figure 2 represents the structure of a three-phase bridge inverter. It typically takes a DC voltage input, 

often sourced from solar panels or other sources. The inverter is composed of six semiconductor switching 

elements, commonly insulated gate bipolar transistors (IGBTs), set up in a bridge configuration. These devices 

are divided into upper and lower arms, with each arm containing three switches corresponding to the three 

phases of the AC output. The primary function of the bridge inverter is to generate a three-phase AC voltage 

from the DC input. This is achieved through space vector pulse width modulation. 
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Figure 2. Three-phase full bridge inverter 
 

 

2.5.  Space vector pulse width modulation 

Space vector pulse width modulation (SVPWM) is a powerful technique for controlling inverters, 

especially in applications where precision, reduced harmonics, and grid synchronization are essential. It 

optimizes the switching patterns of the inverter's power devices to generate high-quality AC waveforms, 

ensuring a reliable and efficient operation, particularly in grid-connected systems. The desired output voltage 

magnitude (Vref) and phase angle (θref) for each phase of the inverter. These values are often obtained from a 

control algorithm or user input. To simplify control calculations, the desired three-phase voltages (Vref) are 

converted into a two-dimensional reference frame called the α-β reference frame. This conversion is done using 

the inverse Clarke transformation. The α-β reference frame represents the desired voltages in a coordinate 

system that simplifies the control process. 
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𝑉𝑟𝑒𝑓  =  2/3 [𝑉𝑎(𝑡)  +  𝛼 𝑉𝑏(𝑡)  +  𝛼2𝑉𝑐(𝑡)]  (1) 

 

Where α= ej2π/3 and α2= ej4π/3. 
 

𝑉𝑎 = 𝑉𝑚 𝑠𝑖𝑛 𝑤𝑡  

𝑉𝑏 = 𝑉𝑚  𝑠𝑖𝑛 (𝑤𝑡−120°)  

𝑉𝑐 = 𝑉𝑚  𝑠𝑖𝑛 (𝑤𝑡−240°) (2) 
 

𝑉𝑟𝑒𝑓 = √𝑉𝑑
2 + 𝑉𝑞

2 (3) 

 

Figure 3 represents the Vref for the D and Q axes. 

 

[

𝑉𝑑

𝑉𝑞

𝑉0

] = (

1 −1/2 −1/2
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) [

𝑉𝑎

𝑉𝑏

𝑉𝑐

] (4) 

 

The relationship between the line-to-line voltage vector [Vab, Vbc, Vca] and the switching variable vector  

[a, b, c] can be expressed as follows: 

 

[

𝑉𝑎𝑏

𝑉𝑏𝑐

𝑉𝑐𝑎

] = 𝑉𝑑𝑐 (
1 −1 0
0 1 −1

−1 1 0
) [

𝑎
𝑏
𝑐

]  

 

the phase voltage vector [Va Vb Vc] and the switching variable vector [a, b, c] are related by (5). 

 

[

𝑉𝑎

𝑉𝑏

𝑉𝑐

] = 𝑉𝑑𝑐/3 (
2 −1 −1

−1 2 −1
−1 −1 2

) [
𝑎
𝑏
𝑐

] (5) 

 

In a complex plane, two orthogonal systems (Vd, Vq) form the basis for defining a vector. The 

reference voltage, Vref, can be expressed as the sum of Vd and jVq. To represent the eight switching states of 

the inverter output in binary code, three bits (23=8) are required. These states are denoted as S1(0,0,1), 

S2(0,1,1), S3(0,1,0), S4(1,1,0), S5(1,0,0), S6(1,0,1), and S7(1,1,1). Figure 4 shows the 7 switching states. 

 

 

 
 

 

Figure 3. Representation of Vref 

 

Figure 4. Space vector pulse width modulation 

representation 

 

 

2.6.  LC filters 

It is a key technique in modern motor drives and power electronics systems LC filters, which consist 

of inductors (L) and capacitors (C), are commonly used in grid-connected photovoltaic (PV) systems for several 

important purposes. LC filters are essential components that greatly enhance the efficiency, power integrity, 

and dependability of these systems. A key application of LC filters is their ability to minimize or eradicate 

harmonic distortion in the output current or voltage of grid-connected inverters. LC filters can do harmonic 

mitigation, reducing total harmonic distortion (THD) to make the grid voltage cleaner and more sinusoidal.  
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2.7.  Grid requirements to interconnect with PV system 

Grid-connected PV systems need to meet strict requirements regarding voltage, frequency, phase 

alignment, and power quality to ensure reliable and efficient integration with the grid, and also PV systems 

must minimize harmonic distortion to maintain power quality. Harmonics can lead to overheating and damage 

to electrical equipment. Inverters are designed to filter out harmonics and ensure that the output waveform is 

as close to a pure sine wave as possible. The integration of PV systems never introduces flicker or voltage 

transients. The advanced control technique SVPWM, and the ability to manage reactive power play a crucial 

role in achieving these objectives while contributing to grid stability and reliability. 

 

 

3. DESCRIPTION OF THE CIRCUIT 

Figure 5 shows the grid-connected double-stage PV system with space vector PWM inverter. This 

solar power system optimizes the efficiency and integration of photovoltaic (PV) arrays with the electrical grid. 

The PV array consists of individual solar panels that harness sunlight to produce DC electricity. To ensure 

optimal performance, a DC-DC converter or maximum power point tracking controller is employed to monitor 

and maximize the power output of the PV array by tracking the maximum power point (MPP) where the panels 

operate most effectively. This stage ensures voltage compatibility and maximizes power output, adapting to 

changing environmental conditions. The DC power is efficiently optimized and then routed into an inverter 

connected to the grid. The primary function of the inverter is to change the DC electricity produced by the PV 

array into alternating current, which is the type of electricity often utilized in households and the electrical grid. 

The inverter synchronizes the AC output with the grid's voltage and frequency, ensuring that the power 

generated matches the grid's requirements. It continuously monitors grid conditions and efficiently manages 

power flow, feeding excess electricity back into the grid when available and needed or drawing power from 

the grid when necessary to meet load demands. 
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Figure 5. Double-stage grid-connected PV system 

 

 

3.1.  Control scheme 

Figures 6 and 7 show the control scheme for the interconnection of the grid with the PV system 

without any mismatching conditions. The control scheme consists of an ABC frame, DQ frame, SVPWM, 

PLL, and PI controllers. The first step involves obtaining reference signals, which typically represent the 

desired output voltage magnitude and frequency, synchronized with the grid or another source. If the reference 

signals are given in a stationary reference, an inverse Park transformation is performed to convert them into a 

rotating reference frame, often the DQ frame. This simplifies the control algorithm representation in the DQ 

frame. In the DQ frame, reference signals are represented as a rotating phasor, making it easier to control the 

inverter. SVPWM divides the space between the minimum and maximum voltage vectors into sectors and 

calculates the space vector representing the desired output voltage. The control scheme identifies the industry 

in which the space vector falls, determining the combination of switching states required for the inverter. 

Based on the identified sector and desired output voltage amplitude, the control scheme calculates the 

duty cycles necessary for the upper and lower transistors in each phase leg of the inverter. SVPWM generates 
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PWM signals for each phase leg. It uses a triangular carrier waveform and compares it to the reference signals 

to produce PWM pulses controlling the inverter's transistor switching. The generated PWM signals control the 

switching of the inverter's power devices ensuring the output voltage closely follows the desired reference 

signal. Feedback from sensors measuring actual output voltage and current is often incorporated for closed-

loop connections. 

 

 

 
 

Figure 6. Control scheme 

 

 

 
 

Figure 7. Space vector pulse width modulation 

 

 

4. SIMULATION RESULTS 

Figure 8 represents the PV panel output, and this voltage is in DC form. After 0.5 seconds that DC 

voltage gets stable, and we can get more DC electrical output by increasing the connection of PV panels. 

Figure 9 represents the three-phase output voltage of the inverter, this voltage has less harmonics, and this 

inverter’s voltage perfectly matches with grid voltage. 
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Figure 8. Photovoltaic panel's DC output voltage 
 

Figure 9. The inverter's three-phase output voltage 

 

 

Figure 10 represents the fast Fourier transform analysis of the three-phase output voltage of the 

inverter. It can show the level of harmonics, and these harmonics are very low, THD is 0.06%. Figure 11 

represents the three-phase output current of the inverter, this current fluctuates at starting after 0.5 seconds, and 

it can get stable. And that final current is perfectly matched with the grid current. Figure 12 represents the fast 

Fourier transform (FFT) analysis result of the three-phase output current of the inverter, this shows the 

harmonics level of current, and that harmonics are very low with THD 1.69%. According to the results no 

mismatching conditions between the PV system and grid. 

 

 

 
 

Figure 10. FFT analysis result of the three-phase output voltage of the inverter 

 

 

 
 

Figure 11. The current output of the inverter is in three phases 
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Figure 12. FFT analysis result of the three-phase output current of the inverter 

 

 

5. CONCLUSION 

In conclusion, this paper highlights the importance of aligning the PV system with the grid. The 

combination of SVPWM and MPPT in this double-stage grid-connected PV system presents a reliable and eco-

friendly solution for maximizing solar energy usage. It maximizes energy production, ensures grid 

compatibility, and promotes a greener and more reliable energy future. Its potential for further advancements 

and contributions to a cleaner energy landscape makes it a promising technology for the future. 
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