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Abstract 

Solar and wind energy offer eco-friendly and renewable options to conventional energy sources, 
holding great promise for the future. This research delves into the modeling and simulation of a grid-
connected solar–wind hybrid renewable energy system employing a controlled inverter. The study 
examines the individual photovoltaic (PV) and wind energy conversion systems and investigates their 
seamless integration to create a powerful hybrid generation system. To maximize energy use, the 
application of maximum power point tracking (MPPT) algorithms is investigated. The application of 
MPPT algorithms is examined for both solar and wind subsystems in order to improve energy extraction 
under different climatic situations. By continuously modifying operating points to optimize power 
output, these control systems allow for the best possible use of the renewable resources that are 
available. To ensure steady functioning and smooth communication with the electrical grid, a regulated 
inverter is used to adjust voltage, frequency, and power quality. To assess system performance under 
various operating circumstances, extensive simulation studies are conducted using suitable modeling 
tools. The simulation results show the viability, stability, and dependability of the suggested hybrid 
renewable energy system, emphasizing its capacity to provide steady electricity with increased 
efficiency. Overall, the results show that grid-connected solar–wind hybrid systems provide a reliable, 
effective, and sustainable option for the production of renewable energy in the future. Through 
comprehensive simulations, the paper validates the feasibility, stability, and reliability of the proposed 
hybrid system, underlining its potential as a sustainable and efficient energy solution. 
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INTRODUCTION 

Solar energy is a green, inexhaustible, and 

ecological energy source. Hydrogen is currently 

one of the most promising alternatives to 

conventional energy sources. Therefore, the use of 

photovoltaic solar energy to generate power from 

the sun is increasing. A solar photovoltaic system, 

cell, or module converts solar energy directly into 

electricity [1–3]. A photovoltaic solar module is 

created when several cells are connected in series 

and parallel. More photovoltaic solar cells are used 

for a photovoltaic cell, and more cells are used to 

form a photovoltaic module. The solar energy 

obtained from a solar photovoltaic cell is not 

constant. The amount of energy obtained from a 

photovoltaic system depends on the voltage of the 

PV generator and the current set point [4]. 

Furthermore, environmental factors such as 
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temperature and solar radiation affect performance. At a uniform solar radiation level without partial 

shading, the non-linear current-voltage (IV) characteristics of a solar photovoltaic module have an 

optimal operating point corresponding to a single 

 

Maximum power point (MPP) on the power curve [5]. A solar module is really composed of several 

solar cells connected in series or parallel. If some of the panel's cells are shaded, it can be due to 

surrounding buildings, clouds in the sky, or birds landing on solar panels. The PV Features solar panels 

are very complicated because there are several points of maximum power on the characteristics of 

photovoltaic [6]. Currently, stand-alone solar and photovoltaic systems are being promoted on a 

relatively larger scale around the world. Due to their seasonality, these autonomous systems are unable 

to supply a steady supply of energy. For example, a stand-alone photovoltaic solar system cannot 

provide reliable power on non-sunny days. 

 

Modeling of PV Array 

The grid-connected photovoltaic system is a more dependable way to meet energy demand. The 

network connection of a photovoltaic power generation system has the advantage of more efficient use 

of the generated energy. The inverter, which transforms the DC energy produced by the PV modules 

into alternating current, connects the PV systems to the grid. Inverter technology is very important to 

ensure a reliable connection and safe operation of the photovoltaic network. In general, inverters with 

controlled voltage sources are used to connect the renewable energy system (RES) to the network. The 

network may be at risk from energy quality issues like harmonics as a result of the penetration of power 

electronic converters. These harmonics can cause the protection relays and other control devices to 

malfunction. Therefore, harmonics must be reduced. Active shunt power filters have been recognized 

as the most efficient harmonic compensation technique. 

 

The configurations of the active photovoltaic shunt power filter system are shown in Figure 1. In a 

photovoltaic system, solar energy is transformed into electrical power. 

 

Because photovoltaic power varies according to climatic conditions, the maximum power of the 

photovoltaic generator is coupled with an MPPT (maximum power point tracker). Because photovoltaic 

energy sources generate variable DC power, they require conditioning before being connected to an 

intermediate circuit. A DC–DC converter serves this purpose. The output of the DC–DC converter is 

connected to an intermediate circuit capacitor, which is then connected to the grid via an inverter. 

 

Solar-Powered Cell 

The fundamental units of a photovoltaic cluster are the PV cells. Silicon and other semiconductor 

materials are used to fabricate them. To create a positive electric field on one side and a negative electric 

field on the other, a delicate semiconductor wafer is highly intricate. Electrons are released from the 

molecules of the semiconductor material when light strikes them. By chance, an electrical circuit 

connecting a conveyor to both sides of the semiconductor initiates the flow of electrons to produce an 

electric current. It can be round or square in shape. 

 

 
Figure 1. Configurations of a photovoltaic interactive shunt active power filter system. 
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Photovoltaic Array 

Again, the power generated by a single module is insufficient to meet the performance requirements 

for most practical purposes. Molds for PV Motors, lights, and other loads can be powered by the DC 

output that these inverters can transform into AC. For higher voltages, the modules are connected in 

series; to satisfy the current requirements, they are then connected in parallel. 

 

𝐼𝑜 = 𝐼𝑃𝑉 − 𝐼𝐷(𝑉) − 𝐼𝑆𝐻(𝑉) (1) 

 

Where, (V) shows the dependency of the diode current and resistor current on the terminal voltage, 

which is independent of the irradiation value (Figure 2). 

 

LITERATURE REVIEW 

Fuzzy logic control (FLC) for monitoring the maximum power (MPPT) on the connection of the 

wind turbine to the permanent magnet synchronous generator (PMSG). The proposed fuzzy controller 

follows the MPP by measuring the charging voltage and current [7]. This controller calculates the load 

power and is sent using a fuzzy logic system. The main objective of this study is to design a fuzzy logic 

controller in the DC/DC converter (boost converter) model. This technique enables the MPPT controller 

output (duty cycle) to modify the drive's input voltage to monitor the wind turbine's greatest power 

point. [6] studied the status of the available MPPT algorithms. 

 

Therefore, owing to the nature of the wind that changes instantaneously, it is only desirable to have 

an optimal generator speed that ensures, at a given moment, that the maximum energy is obtained from 

the available wind. Therefore, it is important to integrate a controller that can follow the maximum peak 

regardless of the wind speed. Available MPPT algorithms can be classified according to the control 

variables, with or without a sensor, as well as the technique used to identify the maximum peak. The 

performance of the selected MPPT algorithms was compared based on various speed responses and 

their ability to achieve maximum energy efficiency. 

 

A new method for detecting the MPP of a wind energy conversion system based on a synchronous 

permanent magnet generator. After determining the best system relationship for MPP detection, the 

method regulates the system in accordance with this connection. The design process is described, and 

a theoretical analysis of the validity of the technique is conducted. The primary benefit of the proposed 

method is that it responds accurately and quickly to variations in wind speed without the need for an 

anemometer or prior system knowledge. It can also update the time-dependent parametric changes of 

the turbines or generators. 

 

A novel adaptive approach for energy management in autonomous hybrid systems was proposed, 

which uses FLCs and an artificial neural network (ANN) to govern the energy flow between the energy 

storage components and the hybrid power system to meet load requirements [8]. 

 

 
Figure 2. Structure of a PV cell. 
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For various types of photovoltaic panels (PV), neural network control is utilized to achieve the MPP. 
To maximize performance, a sophisticated fuzzy logic controller was developed to supply power to the 
hybrid system and regulate the charge flow and discharge current. A hybrid system that included solar 
modules, a wind turbine, an accumulator, and a proton-exchange membrane fuel cell (PEMFC) was 
used to evaluate the performance of the proposed management system. A fuzzy logic controller 
regulates the battery temperature to increase the PEMFC generating efficiency and prolong its lifespan. 
The dynamic behavior of the suggested model was examined under various operational scenarios. The 
designed system uses real-time parameter measurements as its inputs. The suggested model and 
associated control technique provide an ideal tool for maximizing the performance of hybrid systems, 
such as those utilized in smart home applications. 

 

METHODOLOGY 

The world’s energy demand is growing exponentially. Introduction of renewable energy plants helps 

to meet the energy demand to some extent. The concept of green energy can be attained by the use of 

more renewable generating plants. Renewable power generation units may be based on solar 

photovoltaic (PV), wind, micro-hydro, tidal, or a combination of these systems called hybrid energy 

systems. The economic viability of these isolated power systems depends on the optimum selection of 

resources. The improvement in power electronics technology boosted the use of renewable sources in 

an effective way. The injection of RES generated power to the main grid by the use of power electronic 

inverters was a breakthrough. However, the introduction of power electronic converters and non-linear 

loads causes problems with power quality. A conventional technique for mitigating power quality 

problems is using passive inductor–capacitor (LC) filters at the load centers, but the use of passive 

filters may result in parallel resonance with power system circuit impedance. Moreover, they have poor 

flexibility for dynamic compensation of different frequency components. Introduction of active filters 

into the system is an effective way to mitigate power quality problems (Table 1). 

 

Modeling of PV Arrays 

A PV energy conversion system comprises a PV module, an electrical converter, a DC–DC device, 

and ideally, an energy storage system (ESS). To produce the designated rated power, PV cells are joined 

in series and parallel to form a PV module. Depending on the purity of the semiconductor, the cells may 

have a monocrystalline or polycrystalline structure. Compared to monocrystalline cells, whose 

effectiveness can reach 20%, polycrystalline cells, which have a limiting potency of approximately 13–

14%, are less cost-effective. This circuit, known as the one-diode or five-parameter model, is depicted 

in Figure 3 and consists of a photocurrent source, diode, and serial and shunt resistors. The output 

current affects the computations of the one-diode model. 

 

𝐼𝑜 = 𝐼𝑃𝑉 − 𝐼𝐷(𝑉) − 𝐼𝑆𝐻(𝑉) 

Whereas the resistor and diode currents are independent of the irradiation value, (V) illustrates their 

dependence on the terminal voltage. 

 

ID is the diode's current. 

 

When the temperature is 25°C, and the irradiation is 1000 W/m2, the photovoltaic current is known 

as IPV. 

 

The Wind System Model 

Wind energy is transformed into mechanical energy by wind turbines. Figure 3 illustrates how the 

power output of a wind turbine can be described, and the aerodynamic torque is determined by 

𝑃𝑤 = 0.5𝐶𝑝𝜌𝐴𝑉𝑤
3 (2) 

𝑇𝑤 =
𝑃𝑤

𝜔𝑊
 (3) 
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Where,  

PW = wind turbine power (in Watt) 

Ρ= air density (in kg/m3) 

A = rotor area (in m2) 

VW = velocity of wind (in m/sec) 

𝛚 = turbine rotor speed (in rad/sec)/ 

CP = power coefficient, which is a function of the tip speed and blade pitch angle. 

 

Two scenarios were simulated in this study. 
 

Table 1. Review of maximum power point tracking (MPPT) algorithms for photovoltaic and hybrid 
energy systems. 

Reference Main focus Key contributions 

[9] Asymmetrical FLC-
based MPPT 

• Presented an asymmetrical FLC-based MPPT algorithm for PV 
systems. 

• Proposed two MF design methodologies to improve the effectiveness 
of the MPPT method. 

• Utilized the PSO technique for optimizing MF setting values, 
supported by a designed cost function. 

• Demonstrated superior tracking speed/tracking accuracy compared to 
traditional P&O and symmetrical FLC-based MPPT methods. 

[10] Grid-connected hybrid 
energy system 

• Aimed at developing and simulating a hybrid energy system connected 
to the grid. 

• Implemented the MPPT technique for maximum power extraction 
from individual systems. 

• Employed an inverter for DC bus voltage regulation and stabilization 
when energy sources are diminished. 

[11] Maximum power point 
tracking for wind-solar 
hybrid system 

• Proposed a method to operate a wind-solar hybrid system at its 
maximum power point using power electronic devices and control 
methods. 

• Developed and simulated the hybrid system in MATLAB Simulink 
under varying environmental conditions. 

• Demonstrated successful tracking of maximum power from the hybrid 
system. 

[12] Integration of wind and 
solar power systems 

• Studied a unique integration of wind energy from a grid-connected 
permanent magnet synchronous generator (PMSG) and solar power 
systems. 

• Adopted the MPPT technique to extract the maximum power from 
both wind and solar energy systems. 

• Utilized sensor-less rotor speed estimator for wind generator operation 
and maintained continuity of supply to the load through appropriate 
integration of outputs from wind and solar power systems. 

MF: Membership function, PSO: Particle swarm optimization, P&O: perturb and observe. 

 

 
Figure 3. Simplified circuit diagram of a solar PV cell. 
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Figure 4. Block diagram of Scenario I (solar–wind hybrid renewable energy system). 

 

Situation (Grid System for Solar–Wind Renewable Energy) 

A grid-connected wind-solar hybrid RES was simulated and examined in this study. A general block 

diagram of the system under discussion is shown in Figure 4. A conventional inverter connects the RES 

to the grid. In this case, the inverter not only acts as an interface mechanism for the actual power flow 

to the grid but also enhances the power quality. The performance of the inverter is significantly 

influenced by the control techniques of the system. 

 

SIMULATION AND RESULT ANALYSIS 

Implementation Details 

This chapter comprises an analytical and numerical description of the proposed algorithm for 

sentiment analysis of movie reviews, which is simulated to obtain the performance of the proposed 

algorithm. 

 

The following configuration was used to simulate the proposed method to assess its performance: 

 

Pentium Core I5-2430M CPU with 64-bit OS, 2.40 GHz, and 4GB RAM 

 

THE MATLAB PLATFORM 

Simulation Environment 

MATLAB, or MATrix LABoratory, is a computer software created specifically for quick and simple 

logical calculations and input/output operations. It offers hundreds of built-in functions for a wide range 

of calculations and toolboxes for diverse areas of analysis, including statistics, optimization, partial 

differential equation solving, and information analysis. 

 

The implementation or simulation of the algorithm performance was demonstrated in this research 

project using the MATLAB platform. Toolboxes for fuzzy inference systems were utilized, along with 

some built-in graph-generation methods. MATLAB functions were used to produce simulation results 

and compare the performance of the constructed model with that of some existing models. 

 

Simulation Outcomes 

Power-control strategies for a grid-connected hybrid generation system with flexible power transfer 

are presented in the proposed system. Maximum use of publicly accessible renewable energy sources, 
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such as solar and wind power, is made possible by this hybrid system (Figure 5). For this, the system 

will employ an MPPT algorithm in addition to the conventional perturb and observe method. 

Additionally, depending on the energy sources' availability, this setup enables the two sources to 

provide the load either independently or concurrently.  

 

The primary factor influencing mechanical output from wind energy and solar cell operating voltage 

in the case of solar energy output power is the turbine rotor speed (Figure 6). A wind turbine and a 

PMSG are combined to create a wind energy conversion system. 

 

The DC output from unconventional energy is transformed into usable AC power for the connected 

load by the inverter (Figure 7). Normal operating conditions for this hybrid system include normal room 

temperature for solar energy and typical wind speed at a plain location for wind energy (Table 1).  

 

To demonstrate the working principle, viability, and dependability of this suggested system, the 

simulation results are displayed (Figure 8). 

 

 
Figure 5. DC voltage obtained in a solar–wind hybrid renewable energy system. 

 

 
Figure 6. Power obtained in a solar–wind hybrid renewable energy system. 
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Figure 9. Current obtained in a solar–wind hybrid renewable energy system. 

 

Table 2. Scenario I system parameters. 

S.N. System parameters Values 

1 Hybrid system Solar and wind system 

2 Solar panels 11×2=666 V 

3 Wind speed 12 m/s 

4 Storage battery 200 volts, 6.5 Ah Ni-MH battery 

5 LC filter L = 50 milli H, C = 2000 μF 

6 3-phase Resistor–Inductor–Capacitor load 3 kW 

7 Proportional gain (Kp) 0.5 

8 Integral gain (Ki) 7.5 

9 Inverter Carrier frequency= 2000  z, sampling time= 20 μs 

10 Switching device IGBT 

 

CONCLUSION 

This research highlights the significance of solar and wind energy as green and renewable sources, 

The solar–wind renewable energy system with a controlled inverter simulation results from the 

MATLAB Simulink Model are quite encouraging (Figure 9). Under typical operating conditions, the 

inverter efficiently transformed the unconventional DC output into usable AC power for the associated 

load (Table 2). The graphs depicting the DC voltage, power output, and current obtained demonstrate 

the system’s stability, feasibility, and reliability, supporting its potential as an eco-friendly and 

sustainable energy solution for the future which are increasingly being recognized as promising 

alternatives to conventional energy. The integration of photovoltaic and wind energy systems in a grid-

connected solar–wind hybrid configuration demonstrates great potential for sustainable power 

generation. Optimal use of freely available resources and effective energy conversion are guaranteed 

by the application of MPPT algorithms. The simulation results validate the stability, feasibility, and 

reliability of the proposed hybrid system, positioning it as a viable, eco-friendly solution for meeting 

energy demands. 

 

A grid-connected solar–wind hybrid RES with a controlled inverter offers a compelling solution for 

sustainable power generation. By combining photovoltaic and wind energy sources with efficient MPPT 

algorithms, the system maximizes the utilization of renewable resources. The stability and viability of 

this environmentally friendly energy solution were confirmed by the simulation results. This study 
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highlights the potential for a reliable and continuous energy supply while reducing dependence on 

conventional power sources. As the demand for green and renewable energy increases, the proposed 

system presents a promising path towards a cleaner and more sustainable future. 
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