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Abstract - Electricity is needed to charge those cars. The domestic supply can charge the vehicles at home using the AC 

charger. Charging facilities are available on interstate highways for automobiles while travelling long distances. These 

stations might receive their supply from renewable resources. The idea of a charging station that utilizes solar and wind 

renewable energies has been put out in this study. The single-diode model and analysis are employed. MATLAB-Simulink is 

used to obtain simulation results. Energy consumption and the requirement for power generation from Renewable Energy 

Sources (RES) are rising quickly. An Energy Storage System (ESS) is needed because these sources are sporadic. With the 

addition of Hybrid Renewable Energy Sources (HRES) such as Solar Photovoltaic systems (PV) and Wind Energy Conversion 

Systems (WECS) along with battery, this study achieves the widely utilized notion of renewable power generating technology. 

The Flyback converter and Fuzzy Logic Controller (FLC) boost the PV voltage generated to achieve stabilised voltage. In 

order to provide DC supply, the voltage from WECS is converted to DC using a Diode Bridge Rectifier (DBR). The battery 

converter receives the voltages derived from the HRES and electricity produced by various sources. With the help of the 

battery, the obtained DC voltage is used to operate an Electric Vehicle (EV) successfully. MATLAB Simulink examines the 

comprehensive structure, and the findings show that the suggested system is effective. The battery converter receives the 

voltages derived from the HRES and electricity produced by various sources. With the help of the battery, the obtained DC 

voltage is used to operate an Electric Vehicle (EV) successfully. MATLAB Simulink examines the comprehensive structure, and 

the findings show that the suggested system is effective. 

Keywords - Energy consumption, Hybrid Renewable Energy Sources, Solar, Renewable energies, WECS. 

1. Introduction  
The inverter, connected to multiple charging stations via 

bidirectional DC-DC converters, supplies the charge to the 

EV. The system onto the grid is arranged to equilibrium the 

load and consumption. No load is required because the 

battery is charged by supplying more influence from the grid. 

Power from wind turbines is produced using coupled bridge 

converters, and power from solar panels is produced using 

buck-boost converters.  

To safeguard the circuit, the relay is attached to the 

battery. This technology offers a clean, healthy environment 

without pollutants and carbon emissions. The solar panels are 

arranged according to the need, as shown in the image. 

Electricity is produced by solar panels using light energy.  

The atomic reaction occurs, and the electrons are drawn 

out of each solar cell when light strikes the solar panels. A 

larger quantity of voltage is produced from this array since 

more cells are connected in the module, and more modules 

are connected in the array. Depending on the need, the 

generated voltage is either directly used or stored [1]. 

Energy resources are undoubtedly the main engine of a 

nation’s economy [2]. The enormous demand for energy 

worldwide is met by energy obtained from fossil fuels. 

However, because of its adverse environmental effects, 

conventional energy has recently lost popularity [3].  

Although RES are only recently becoming more 

important in the electrical sector, they rapidly overtake 

conventional energy in many applications. It is clear from the 

shift to green energy that the energy sector is beginning a 

new evolution to achieve the objective of producing and 

consuming energy without emitting any emissions [4].  

Due to the increased use of renewable energies, modern 

power generation has faced difficulties with system design, 

operations, and control [5]. Given the predicted high 

penetration levels of renewable energies, the demand to find 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Parthasarathy K & Vijayaraj S / IJECE, 10(9), 10-19, 2023 

 

11 

novel controllers that can dampen system abnormalities has 

become a critical problem. Future power systems relying 

heavily on RES should be adequately designed, operated, 

and managed [6].  

2. Literature Survey 
As solar Photovoltaic (PV) power generation becomes 

increasingly widespread, its innate erratic nature makes 

developing and putting it into practice for smart networks 

difficult. Grid-tied solar power generation is a distributed 

resource due to the many deployed photovoltaic modules. Its 

outcomes could be unpredictable and provide the operator of 

the distribution system with many problems. As a result, 

battery energy storage is frequently used to help integrate 

solar electricity into the grid.  

The suggested work effectively uses RES as the source 

of electricity generation by merging the Solar PV [7] system 

and WECS. Because wind [8] and PV energy are 

intermittent, different technologies and strategies have been 

used to make the power source more adaptable and 

compensate for load variations. As a result, the ESS is pre-

installed to deal with problems with power imbalances and 

frequency variation and maintain system stability. The DC-

DC converter is a significant part of power conditioning 

systems for renewable strength sources, including 

photovoltaic, wind, and energy compartment systems [9, 10].  

Two categories serve as the main divisions for DC-DC 

converters. These two categories are impacted by a galvanic 

insulation’s presence or absence [9]. As a result, there are 

two different groups of these converters: isolated converters 

and non-isolated converters [11]. Despite having a simple 

structural design, isolated converters struggle to reduce input 

current ripples due to input impedance caused by negative 

resistance as in the suggested task. Active PV voltage 

boosting is achieved by using Flyback converters [12]. 

A Proportional Integral (PI) controller is the converter 

operation that is most frequently used. It also has issues with 

poor responsiveness, increased overshoot, and oscillations in 

operational conditions. The operational Pl controller has been 

expanding sensibly since it has zero tracking error on sparse 

frequency. The controller, however, is confined when there is 

a continuous discharge while it is in operation [13].  

Pl often works with fixed-value PI gains in industrial 

applications; they are inappropriate for non-linear systems. 

PID controllers, or Proportional Integral Derivative 

controllers, have dependability, symmetry, and quick 

reaction advantages. 

Environmentally sustainable operation, PID controller 

use in networks is also severely constrained [14]. Artificial 

Neural Networks (ANN), a sophisticated soft computing 

method, have recently been proposed for adequate control. 

Although the ANN controller responds quickly to 

commands, the repercussions of this are poor accuracy [15]. 

The FLC technique exhibits a high response to control and is 

used in the proposed study for efficient Flyback converter 

regulation. This essay focuses on efficient HRES power 

generation. Utilizing a Flyback converter and FLC support, 

solar energy is increased. Similarly, DBR converts wind 

energy to DC [16]. Finally, a battery converter transfers 

voltage from various sources, which the electric vehicle 

battery uses. 

3. Proposed System 
HRES is gaining importance as a reliable, dependable 

energy source with low emissions and high flexibility, 

particularly for remote standalone power systems. HRES, 

which combines solar and wind energy, is successfully used 

as a source of power generation in the proposed work. The 

electricity generation for the method of active operation is 

outlined [17]. 

Flyback converter support that works with a primary 

power supply switch boosts the power produced by the PV 

system. It can also provide output from either a DC or an AC 

input. In order to stabilize the voltage, controllers are 

generally necessary [18].  

The converter voltage achieves active stabilization when 

the FLC controller is used to supply the DC Link. Like 

WECS produces voltage, DBR converts WECS’s voltage to 

DC, effectively converting AC voltage. The voltage collected 

from various sources is finally stored in the battery converter, 

supplying the EV battery for other applications. The 

efficiency of the suggested converter was 87.34%, with 

lower harmonics [19]. PT System Modeling in Section A PV 

cells are semiconductors that transform solar energy into 

electrical electricity.  

Solar panels and primary winding energy are connected 

to the primary side of the transformer when the switch is 

switched ON. Due to the polarities of the primary and 

secondary windings, series diodes on the secondary side get 

critically biased and stop conducting; the voltage of the PV 

and the diode is provided by the expression above as V and 

Vsch output voltage as V0. The transformer turn ratio is 

represented by the numbers n and t, respectively. 

3.1. Fuzzy Logic Controller (FLC) 

Fuzzy logic control systems are built on a mathematical 

foundation that evaluates analogue input values. Unlike 

classical or digital logic, which operates on discrete input or 

output data, fuzzy logic variables express continuous values 

for both input and output [20]. The FLC technique’s Strong 

converter stability, good dynamic response, and simplicity of 

implementation are all features of this control approach. 
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3.2. Fuzzy Rules  

Finally, the DC connection successfully receives the 

controller voltage from the PV source for further processing. 

Similar to this, another source of power generation in the 

planned work is wind. The creation of WECS is covered in 

the following section [21]. The wind turbine accelerates the 

DFIG at various speeds by capturing some of the wind’s 

kinetic energy. PMAX=PRV C is the formula for extremely 

powerful [22]. Air density is given as p, turbine radius as R, 

wind speed as V, power coefficient as Cp, blade orientation 

as and velocity ratio from the above-described expression. 

4. Result and Discussion 
MATLAB is used to validate the overall experimental 

design, and the results show how successful the suggested 

framework is. The Figure 1 parameter specification values 

for the PV system, WECS, and Flyback converter are listed 

as values PV module Voltage Open Circuit (VOC) 22.54 V 

(c) Short circuit current 5.28A, Peak (Pimp) power system 12 

Panels 1000W, voltage at output 48V, RMS power backward 

converter 1000W, Capacitor 100μf, Inductor 0.6mH. The 

obtained PV voltage coupled with the converter input 

waveform. It has been noted that the PV system consistently 

produces 120V. The converter voltage obtained is increased 

and kept stable with 120V per the PV voltage [22].  

The waveform represents voltages derived from several 

sources. It is noted that sources 1, 2, and 3 produce a steady 

voltage of 60V with slight distortion. The voltage acquired 

from source 4 fluctuates initially before stabilizing after 0.06 

seconds with a higher voltage of 120K than the other 

sources. The waveform illustrates the battery’s state of 

charge. It is noted that a consistent and continuous battery 

voltage of 60V is attained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Block diagram  

Since a battery provides the energy needed to power an 

electric automobile, it is essential in these vehicles. A 

solitary power source charges the battery. In contrast, the 

battery in a hybrid electric vehicle is charged using various 

sources, as in this work [23]. 

5. Suggestive System 
The surplus energy in the battery is utilized when the PV 

panels cannot absorb enough energy. A deep discharge of the 

battery is avoided. The proper operation of multiple sources 

of charging requires the MPPT. Using a timer, the power 

supply is turned ON and OFF for the controllers. As a result, 

charging can take longer. This paper discusses the creation of 

a hybrid charge controller for batteries. The battery model is 

constructed to support the characteristics of both recharging 

and charging. Maximum voltage, current, and efficiency are 

the parameters. The battery is created by shortening the 

charging process. When it is warm out, solar energy is 

utilized. In colder weather, power is strained from the grid. 

This work uses the simulation of electric vehicles and the 

energy system [24]. 

The sun and wind renewable energy system is depicted 

in the above figure. The grouping of solar and wind energies 

is done to increase the use of EVs and reduce the power 

demand. Fossil fuel use can be reduced while the 

environment is safeguarded by using renewable resources 

[25]. Solar energy is prevalent and well-liked, but power 

stability is challenging. However, merging with another 

energy source makes it possible to accomplish it. 

6. PV Pipe 
PV systems are frequently used for household or 

business purposes. They can be positioned on the building’s 

top or ground level [26-33]. The block plan of the model is 

displayed in the above figure. The power source is recharged 

throughout the day using wind and solar power.  

Due to the wind’s activity at night, the power pack is 

partially charged. Battery backups are used to charge 

automobiles for power when electricity is needed. If the car 

needs a DC charge, the converter charges it [34]. If the car 

requires AC power, the battery is linked to the inverter, 

which is then charged. Depending on the situation, buck or 

boost controls are used to manage the power yield from the 

solar panel. The storage battery will receive a modest charge 

daily and at night. 

The load demand is balanced because it has additional 

charging ports, and excess energy is produced [35]. There are 

several problems where a considerable quantity of harmonic 

energy is unavoidable, and the performance of a PV system 

is dependent on temperature, which may change the current 

and voltage profile. However, the THD at various testing 

locations decreases as EVs increase. Harmonics can be 
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avoided by placing the charging station near the renewable 

resource. Installing the appropriate filter in such a spot is one 

of the defence mechanisms. Transformers cause harmonics, 

so installing an EV charging station should be done away 

from them. 

7. The Machining of a Wind-Solar Tree 

The Figure 2 constructed wind-solar tree is displayed. It 

has three branches on which three wind turbines can be 

mounted at an angle of 1200 to one another. Each wind 

turbine’s top and the tree’s steam have solar panels [36]. A 

tree is built on top of a strong concrete foundation using the 

fasteners. The tree measures 8 feet in diameter and 12 feet in 

height. The Figure 3 batteries will receive additional power 

generated by each wind turbine. The power produced at each 

turbine in the current work must be transformed from three-

phase AC to Direct Current (DC) for battery charging.  

As a result, a bridge rectifier made of diodes converts 

three Phase AC power initially into DC. The battery is then 

charged using a buck converter, which maintains a constant 

maximum voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Renewable energy branches  

 
Fig. 3 High-efficiency renewable energy system 
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Fig. 4 Hydropower branches  

 
Fig. 5 Renewable solar applications 

8. Future Scope  
The Figure 4 hybrid wind-solar system is the most 

excellent way to capture renewable energy throughout the 

day and night. The most effective design is one that 

resembles a tree structure. Four 40W solar panels are 

employed in the current work to generate about 160W of 

power from solar energy. Additionally, a tree structure is 

used to install the three vertical axis savonius turbines, which 

have a combined 300W capacity. Artificial intelligence 

manages energy in the [37-39] system, which utilizes 

different energy sources. The investigation includes a 

presentation of the energy management coordination 
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structure. The limitations of centralized techniques are 

eliminated by using artificial neural networks [40]. 

According to Figure 5, as more applications are created and 

more research is done in this field, the potential for AI 

technologies in microgrids is growing. 

9. Applications of Artificial Intelligence in 

Microgrids 
Figures 6 and 7 control all of the scattered energy 

sources in a microgrid effectively, and it is essential for 

efficient system usage. In Figure 8, artificial intelligence 

technologies benefit microgrid organizations in numerous 

ways. Numerous applications of artificial intelligence have 

been discovered and are still being developed. Prediction, 

optimization, control, and monitoring are just a few of the 

operations-related applications of AI technology. It sounds 

like you are looking to create a graph that represents the 

output of a solar energy system with a capacity of 10 Mega 

Watts (MW). However, solar energy output can vary based 

on location, weather conditions, and time of day. Without 

specific data, I can provide a general formula for calculating 

solar energy output and an example graph based on assumed 

data. Remember that this example is illustrative and may not 

accurately reflect real-world conditions. 

10. The formula for Solar Energy Output 

Calculation 
Figure 9 solar energy output can be calculated using the 

following formula:  

Energy output (kWh) = Solar capacity (kW)× 

Solar radiation (kWh/kW/day) 

Assuming an average solar radiation of 5 kWh/kW/day, 

the formula simplifies to: 

Energy output (kWh) = Solar capacity (kW)× 

5 (kWh/kW/day)

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 6 Block diagram of applications 

 

 

 

 

 

 

Fig. 7 Applications of energy management system   
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The Significant impact of one unit of power saved and 

the importance of non-renewable energy in streetlight energy 

conservation. The efficiency of Photovoltaic (PV) cells is 

increased, and low-grade heat is produced by integrating a 

PV and thermal system into one system. Only a few efficient 

PVT systems are currently offered to consumers, although 

researchers have been trying to improve the PVT system for 

the past two to three decades.  

To optimize the performance of PV solar panels, this 

study analyzes several tracking and cooling strategies used to 

detect maximum sun radiations and reduce the likelihood of 

rising temperatures. As a result, many research papers have 

been evaluated and categorized according to their focus, 

significance, and the technologies employed for PV panel 

tracking and cooling. New researchers interested in working 

in this field and technology would benefit from this research. 

Suppose you want to plot a 10 MW solar system’s daily 

energy output over a week. We will use the simplified 

formula above and assume the solar capacity remains 

constant. 

Day Solar Energy Output (kWh) 

1 10,000 kW×5kWh/kW/day=50,000 kWh 

 

 

 

 

 

 

 

 
Fig. 8 Output solar energy efficiency  

 

 

 

 

 

 

 

 

 

 

Fig. 9 Output solar energy applications 

  

Photovoltaic Concentrated Solar Water 
Solar Water Heating 
Photovoltaic 

Calculation Types 

Types of Solar Energy Calculations by Branch 

Efficiency Analysis Cost-Benefit Analysis Energy Payback Carbon Footprint 
0 

2 

4 

6 

8 

10 

C
o

u
n

t 

Residential Commercial Industrial Utility 
Solar Energy Application 

150 MW 

300 MW 

200 MW 

450 MW 

0 

100 

200 

300 

400 

In
st

al
le

d
 C

ap
ac

it
y
 (

M
W

) 



Parthasarathy K & Vijayaraj S / IJECE, 10(9), 10-19, 2023 

 

17 

11. Conclusion  
In order to select the most effective HRES while 

considering the distinct economic and environmental 

implications of each technology, the expanding use of 

renewable energy is essential, within the suggested work. 

Utilizing an HRES system with solar and wind energy, in the 

proposed work, the voltage produced by PV is increased with 

the help of a Flyback converter and FLC for active 

stabilization. The HRES-obtained voltage is delivered to the 

battery converter through an EV battery for further use. The 

Flyback converter’s use achieves an efficiency of 87.34%, 

actively contributing to the system. Additionally, the 

designed technology results in uninterrupted power delivery 

and offers more excellent dependability. 
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