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Abstract

Recently, there has been a resurgence of interest in the development of alternative energy supplies due to rising fossil
fuel prices and issues about the effects of greenhouse gas emissions on the environment. Today's demand is the design
of a hybrid electric power generation system that uses solar and wind energy for remote places. This paper presents
the design of an optimized hybrid renewable energy system consisting of a photo voltaic wind turbine (savinous type)
with a battery and a super lift LUO converter.

A solar PV module with an intelligent inverter facilitates the tracking of the maximum power point and the
implementation of a battery charge controller for greater battery lifespan as well as reliable performance. Higher power
output and clean energy are available from the hybrid power generation system, which combines innovative techniques
with solar and wind power.
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1. Introduction

Aninverter, a battery, a wind turbine, solar panels, and other parts make up a hybrid renewable PV-wind energy system.
Any additional electricity is saved in the battery until it is fully used up when the solar and wind energy sources are
producing sufficient electricity. When the PV-wind renewable energy sources are unable to meet the demand for power,
the battery then turn on and continues to do so until the storage capacity is consumed. The system's various components
contribute to how it functions and what its maximum output is for each one.

This work develops a Perturb and Observe (Hill Climbing Algorithm) controller for a hybrid PV/wind electric power
system using MPPT. Intelligent techniques such neural networks, fuzzy logic, and expert systems have become vital in
the design of smart grid controllers due to the evolution of solid-state electronics and power systems. Potential tools
for developing and erecting fault detection controllers in advanced smart grids (SGs) are provided by these techniques.
In the industrial setting, the application of intelligent techniques has grown substantially in the last several years. Digital
grid energy networks require performance control, user contact, and the integration of renewable energy.

Power variations brought on by unbalanced loads can induce pulsed torque and increased reactive power at the input
generator. By combining several energy sources to preserve service even when one or more are dormant, hybrid energy
systems offers a way to lower the need for energy storage. This may result in a smaller battery, which is advantageous
from a cost standpoint. When used separately, solar and wind energy—two erratic renewable energy sources—may not
be dependable. However, the total amount of solar and wind energy is still comparatively constant in many places.
Combining these two renewable energy sources can increase system reliability and maintain or slightly lower system
prices, depending on local conditions.
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Figure 1 Basic Working flow of Solar Wind Hybrid

The hybrid system generates power using both solar and wind power equipment. The PV system incorporates a
maximum power point tracking system along with PV modules to capture solar energy from the surrounding
environment. With this method, incident light is transformed into electricity. To maximize power generation from the
PV modules, the maximum power point tracking system implements the Perturb & Absorb the methodology. Converters
are also utilized to change alternating current into direct current.

The generator, converter, gearbox, and wind turbine make up the wind energy system. The wind turbine converts the
kinetic energy of the wind into mechanical energy, which is then converted into electrical energy by the generator. To
optimize the system's performance, an MPPT method is implemented. The impact of the erratic nature of solar and wind
resources is lessened with this strategy, which optimally integrates the two resources. This is especially crucial for
independent systems. Actually, a more and more effective choice for standalone systems is the combining of renewable
energy output with battery storage and diesel generator backup systems. Even during peak times, the system can
manage the load because of to this hybrid configuration.

2. Literature Review

Numerous studies on the hybrid power generation system integrating solar and wind power have been performed.
Some instances from the literature pertaining to different systems' categories are as follows:

Celik A.N. [8] developed a novel optimization technique for the techno-economic evaluation of standalone small-scale
hybrid photovoltaic-wind energy systems. When combined optimally, the hybrid photovoltaic and wind energy systems
may perform better than when utilized independently. It has been illustrated by a single PV system that the size and
storage capacity of the batteries have a significant effect on the performance of the wind system.

Makbul A.M. Ramli et al. [4] A case study model on the combined wind and solar approach was presented, along with a
techno-economic energy analysis for the applied method. The goal of the study is to identify the most economical
method for developing an electric vehicle with a hybrid system and various categories of features.

Vikas Khare et al.[5] presented and reviewed the HRES. Numerous HRES-related issues, including ideal sizing, feasibility
analysis, modeling, control parameters, and reliability, had been the focus of the study that was presented.

Yahia Bouzelata et al. [6] reviewed the hybrid solar and wind energy system's optimal setup and performance. Energy
is produced by the WECS double-fed induction generator, which shows improved power quality in the power
electronics.

Palash Jain et al. [7] The principles guiding the small-scale VAWT blade pitching include performance prediction and

variable amplitude. It has been established that the blade pitching amplitude varies with wind and tip speed ratio after
completing the various design obstacles.
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J. Vignesh et. al., [23] VAWT technology is beginning to be used by small producing facilities, especially in urban locations
where wind resources are still undeveloped. The omnidirectional guiding vane can greatly increase power, speed, and
torque, with regard to research. Using Wind VAWT in a PV hybrid power generating system can be a solution in many
cases because it is less expensive for utilizing this system than the two separate technologies.

Hafsa Murtaza et. al., [25] The primary intention was to design a small-scale vertical-axis wind turbine that works in
tandem with a solar panel. The data that has been analyzed indicates that vehicles on highways are capable of producing
enough energy to light lamps and boost output electricity power in remote areas.

M. Rambabu et. al,, [30] An improved and more effective method of producing power is to integrate energy sources with
vertical axis wind turbines and solar energy systems. In summary, this system combines two energy sources so that, are
supposed to one stop producing electricity, the other will carry on and keep the load powered continuously. Renewable
energy sources are used to create electricity continuously and uninterruptedly. Additionally, they lessen global warming
and pollution.

3. Hybrid Power Generation with Super Lift Luo Converter

A mix of unconventional energy sources is referred to as "hybrid" energy. The first source of energy, photovoltaic
energy, is created by converting temperature and irradiance into solar energy. The second power source, wind power,
produces mechanical energy for electricity through the use of wind turbines. The input voltage for this system ranges
from 12V to 24V, depending on factors such as sunlight, temperature, and load on the solar panel. The output voltage
can vary between 10V to 24V, depending on the state of charge and strength of the battery system. To accommodate
this range of input and output voltages, a buck converter is chosen as the interface converter for the system using MPPT
Based Perturb and Observe (Hill Climbing Algorithm). If the total current generated by the PV and wind generators is
less than what is needed by the load, the energy deficit is supplemented by the storage system and the controller will
discharge the battery. To optimize the power output from a non-linear energy source like a solar panel, MPPT algorithms
are utilized. The Wind-Solar Hybrid System is capable of generating electricity that can be used to charge batteries, and
with the use of an inverter, can power AC appliances.

Solar panel PV
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_ Filter Battery | [DC Load| |-t
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GearBox L Pypamo (= LU0 |
converter) DCAC full
' bridge singh
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Figure 2 Hybrid Power Generations with Super Lift Luo Converter Block Diagram

For the Luo converter to function, energy storage is provided by inductors D1 and D2. These inductors store energy in
magnetic fields while the converter operates. Inductor L1, which serves as a current regulator, is essential to preserving
a steady output current. This function makes sure that irrespective of how much the input voltage or load conditions
fluctuate, the output current remains constant.

In applications like some power supply systems that need precise output current executives, this stability is very
important. The significant efficiency of the Luo converter can be attributed to its ability to maintain a steady input
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current. By maintaining a constant input current, the converter may work more effectively while producing less heat
and less energy loss. In the circuit, diodes D1 and D2 have two uses. They serve as filters, mitigating potential waves in
voltage and current that can develop while the converter is performing.
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Figure 3 Hybrid Power Generations with Super Lift Luo Converter Circuit diagram

This filtration contributes to a mostly stable output. Second, they facilitate energy transfer and storage in the inductors
by taking part in the energy storage process. The Luo converter is recognized for its adaptability in voltage regulation;
it can operate with the same polarity output as a buck converter, which lowers voltage, or as a boost converter, which
increases voltage. The duty cycle of the switching elements (usually switches or transistors) in the circuit determines
the particular mode, which can be either boost or buck converter.

4. Hardware Implementation
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Figure 4 Hardwaree Kit

4.1. Hardware Specifications

Table 1 Hardware Specification

Hardware Specification Input Ranges | Output Ranges
Solar panel Input source 11.25V 13.5V
(Power Source 1)

Wind ( Savinous Type Blade) | Input source (Dynamo + Gear) | 11V 12V
(Power Source 2)

Super Lift LUO Converter 0-24V 32V
Transformer Step down 230V 110V
Rectifier Input power 110V AC 230V DC
Battery Input power 12V 7.2A
Microcontroller PIC (16F877A) 5vVDC 5vVDC
(For MPPT tracking)

Inverter Output power 110V DC 110V AC
Transformer step-up 110v AC 230v AC
Load Load 230V 4A
(ACLOAD)

5. Result Analysis

Table 2 shows the output result of sunlight intensity, voltage, current, power and with respect of time for solar panel.

Table 2 Output Result for Solar Panel System

Time | Sunlight Intensity (w/m2) | Voltage (V) | Current (A) | Power (W)
7AM 320 9.6 0.12 1.15
8AM 456 10.4 0.16 1.66
9AM 524 12.2 0.22 2.68
10AM 626 12.7 0.28 3.55
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11AM 790 13.2 0.32 422
12PM 842 13.8 0.36 496
1PM 892 14.3 0.42 6.01
2PM 844 13.6 0.38 5.16
3PM 725 12.8 0.37 3.96
4PM 653 12.4 0.29 3.59
5PM 692 11.2 0.25 2.81
6PM 480 10.5 0.19 2.01
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Figure 5 Output Current Wave form of PV
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Figure 7 Output Power Wave form of PV
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Figure 8 Sunlight Wave form of PV
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Figure 9 Output Wave form of Power and Sunlight of PV
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Figure 10 Output Voltage and Current Wave form of PV

Table 5.2 shows the output result of wind speed, rotor speed, dynamo speed, voltage, current, power and with respect

of time for wind system.
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Table 3 Output Result for Wind System

Figure 11 Output Power Wave form of Wind
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Figure 12 Output Voltage Wave form of Wind

Time Wind Speed Rotor Speed Dynamo Speed Voltage Current Power
(hr) (m/s) (Rpm) (Rpm) V) (A) (W)
7AM 5.2 56 114 13.2 0.54 7.12
8AM 4.8 49 105 12.6 0.51 6.42
9AM 4.4 46 98 12.2 0.46 5.61
10AM 39 40 86 11.4 0.47 4.78
11AM 35 37 77 10.2 0.38 3.87
12PM 31 33 70 9.7 0.35 3.39
1PM 2.8 30 66 9.8 0.37 3.62
2PM 2.9 32 64 10.4 0.41 4.26
3PM 3.4 36 76 11.3 0.48 5.42
4PM 3.7 40 88 11.5 0.51 5.51
5PM 4.2 45 94 12.5 0.53 6.62
6PM 4.9 52 110 13.1 0.55 7.20
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Figure 13 Output Current Wave form of Wind
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Figure 14 Output Speed Wave form of Wind
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Figure 15 Output Power and Wind speed Wave form of Wind System
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Figure 16 Output Power and Rotor speed Wave form of Wind System
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Figure 17 Output Power and Dynamo speed Wave form of Wind System

Table 5.3 shows the output result of voltage, current power and with respect of time for super lift LUO Converter system.

Table 4 Output Result for Super Lift LUO Converter

Time | Hybrid Input | Hybrid Input Hybrid LUOConverter Hybrid LUOConverter Output
(hr) Voltage (V) Current (A) output Voltage (V) output current (A) POWER (W)
7AM 22.8 0.66 32 0.7 22.4
8AM 23 0.67 31 0.6 18.6
9AM 244 0.68 32 0.8 25.6
10AM 241 0.75 325 0.7 22.75
11AM 234 0.7 32 0.72 23.04
12PM 235 0.71 32 0.7 22.4
1PM 241 0.79 315 0.8 25.2
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2PM 24 0.99 32 0.9 28.8
3PM 241 0.85 32 0.8 25.6
4PM 23.9 0.8 31 0.84 26.04
5PM 23.7 0.78 32 0.8 25.6
6PM 23.6 0.74 30 0.7 21
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Figure 18 Output Voltage Wave form of Super Lift LUO Converter
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Figure 19 Output Power WaveformofSuper Lift LUO Converter
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Figure 20 Input Current Wave form of Super Lift LUO Converter
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5.1. Hardware output gain of the DSO

Velnagelr)

Figure 21 DC-DC converter output

Figure 5.17 displays the boost converter voltage, which is supplied by the battery and enhances the converter's output

to over 24V DC.
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Figure 22 PWM Form the Microcontroller

Figure 5.18 illustrates the PWM voltage that is supplied to the inverter for converting the voltage fluctuations. The
waveform clearly indicates that the PWM voltage is equal to 5VDC

Voltagelv)

Time{ms)

Figure 22 Inverter output
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In Figure 5.19, the inverter gain for the hybrid method is shown, along with the power gain waveform when a load is
connected. The voltage value is denoted as V=230V AC.

6. Conclusion

The present research shows the hardware prototype for a hybrid vertical axis wind turbine (savinous-type blades) that
integrates a solar panel. With the help of this model, we developed a system that combines energy inputs from several
sources and uses a battery for long-term and backup storage. The primary goal of the research is to provide a basic
supply system for isolated, hilly areas and locations where the local population lacks access to an on-grid electrical
supply. This can be useful in areas where "motor-roads” have not yet been built and the local population has a basic
need for electricity, which can be met by minimum or small-scale energy generating.

To make provide a constant supply of power, the energy produced by the solar and wind power is subsequently stored
in a battery unit and supplied to the load. For tracking maximum power, the MPPT Based Perturb and Observe (Hill
Climbing Algorithm) controller is the most suitable alternative. The duty cycle of the super lift converter is the
controller's output, and an inverter is connected to it to control the AC load. The hardware indicates that the proposed
method to hybrid power generation is more efficient than alternative approaches.

This system can yet be optimized in terms of size if we need more supply in different applications. This is also possible
for off-grid applications such as highway lighting, small homes and commercial centers with adequate off-grid
electricity, etc.
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