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Abstract

In today's global landscape, the pressing issue of an energy crisis looms large. The relentless march
of technology has led to an ever-increasing demand for energy. As traditional energy reservoirs
dwindle steadily, there arises an urgent need to redirect our attention towards non-conventional
sources for electricity production. This proposed methodology sets its sights on harnessing
sustainable energy from nature, with an eye towards powering the future. Central to this endeavor
is the design and simulation of a hybrid power generation system. By seamlessly integrating the
formidable forces of wind and solar energy, this system holds the promise of delivering a robust
and consistent supply of power. Through meticulous simulation using Proteus software, the wind-
solar hybrid power generation system is rigorously tested and refined to ensure optimal
performance. This innovative approach not only addresses the immediate energy crisis but also
lays the groundwork for a more sustainable and resilient energy infrastructure for generations to
come. The fusion of wind and solar power represents a pivotal step towards a greener and more
sustainable future. With this technology at our disposal, we stand poised to embark on a
transformative journey towards a cleaner, more energy-abundant world.
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1. Introduction

In the wake of the 21st century, the global community finds itself at a critical juncture, grappling
with an escalating energy crisis of unprecedented proportions. The surge in technological
advancements and the relentless march of progress have propelled the demand for energy to
staggering heights. This surge is a testament to humanity's unquenchable thirst for innovation, yet
it has also cast a discernible shadow over the traditional energy sources that have long powered
our societies. Historically, fossil fuels such as coal, oil, and natural gas have been the stalwarts of
our energy infrastructure [1-2]. These finite resources, however, are now dwindling at an alarming
rate, prompting a palpable sense of urgency to explore alternative avenues. Moreover, the
environmental toll exacted by the extraction and combustion of these fuels has ushered in an era
of ecological reckoning, marked by climate change and its myriad ramifications.

In the face of these challenges, it becomes abundantly clear that a paradigm shift is not only
desirable but indeed, imperative. It is within the realm of non-conventional, renewable energy
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sources that our salvation may lie. The dynamic interplay of wind and sunlight, harnessed through
advanced technologies, presents an opportunity to revolutionize our approach to energy
production. The Wind-Solar Hybrid Power Generating System, colloquially referred to as the
Renewable Power Tree, emerges as a beacon of hope, embodying the promise of a sustainable
future. This endeavor is not merely a technological venture, but a testament to human ingenuity
and resilience. It signals a collective commitment to transcend the limitations of the past and forge
a path towards a greener, more harmonious coexistence with our planet. As we stand on the
precipice of transformation, it is essential to comprehend the intricacies and implications of this
pioneering venture. This treatise embarks on an exploration of the Wind-Solar Hybrid Power
Generating System, dissecting its constituent elements, delving into the theoretical underpinnings,
and elucidating the intricacies of its simulation using cutting-edge software [3-5]. Through a
comprehensive examination of this innovative energy paradigm, we endeavor to uncover the
potential it holds for mitigating the global energy crisis and fostering a sustainable energy
ecosystem.

Particular emphasis will be placed on the design and simulation aspects of the hybrid power
generation system. By fusing the elemental power of wind and solar energy, this system epitomizes
a harmonious integration of natural forces, offering a synergistic approach to energy production.
The meticulous simulation process, executed through the utilization of Proteus software, serves as
a crucible for refining and validating the system's performance under diverse conditions. The
implications of this groundbreaking technology extend far beyond the realms of mere energy
production. The integration of wind and solar power exemplifies a holistic approach to energy
generation, one that transcends the limitations of standalone systems. Through this synthesis, we
aim not only to alleviate the immediate exigencies of the energy crisis but also to lay the
groundwork for a sustainable energy future, characterized by resilience, efficiency, and
environmental stewardship.

As we embark on this intellectual odyssey, it is imperative to recognize that the Wind-Solar Hybrid
Power Generating System is not a panacea, but rather a critical stepping stone towards a more
sustainable energy landscape. It calls for collaboration, innovation, and a steadfast commitment to
harnessing the power of nature in our pursuit of a cleaner, more energy-abundant world. Through
this venture, we embark on a transformative journey, poised to redefine the contours of our energy
paradigm and secure a brighter future for generations to come.

2. Methodology Proposed:

When the wind is in motion, it exerts pressure on the turbine blades, as illustrated in Figure 1,
depicting the hybrid model. This pressure initiates the conversion of kinetic energy from the wind
into rotational energy within the turbine. Notably, solar panels are strategically positioned atop the
turbines to harness solar energy concurrently.
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To optimize energy extraction across varying conditions, a widely adopted technique called
Maximum Power Point Tracking is employed. This method is commonly employed in both wind
turbines and photovoltaic solar systems. Figure 2 showcases the simulation circuit of the hybrid
model, simulated through the utilization of Proteus software.

In this configuration, the turbine is intricately linked with a generator via a gearbox. The gearbox
assumes a pivotal role in augmenting the revolutions per minute (RPM). By virtue of this
mechanical arrangement, the rotational energy generated is then transmuted into electrical energy.
This transformation abides by Faraday's law of electromagnetic induction, wherein the change in
magnetic field induces an electromotive force, leading to the production of electrical power.

SOLAR PANEL

SOLAR TRACKER
TURBINE

GENERATOR SET

SUPPORT

CONTROLLING &
CONVERTING UNIT

BRATTERY

Fig 1: Module of Wind-Solar Hybrid Power
Generating System
2.1 Wind turbine:

A wind turbine, also known as a wind energy converter, plays a pivotal role in transforming the
kinetic energy inherent in the wind into a valuable source of electrical power through the use of a
generator. This process represents a clean and sustainable method of energy generation,
distinguished by its absence of greenhouse gas emissions. Broadly categorized, wind turbines fall
into two main types: horizontal Axis wind turbines (HAWT) and vertical Axis wind turbines
(VAWT).

HAWTs, renowned for their efficiency in harnessing wind energy, employ aerodynamic blades
that are strategically positioned, either upwind or downwind. Their design is optimized for areas
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with high wind speeds, ensuring they capture the maximum available energy. On the other hand,
VAWTs find their niche in regions characterized by lower wind speeds. Within this category,
various subtypes exist, including Darrieus, Savonius, and Giromill turbines, all of which operate
on a vertical axis.

For the purposes of this project, the Savonius turbine has been selected. Recognized for its
simplicity and reliability, the Savonius turbine falls under the category of drag-type devices and is
characterized by its two or three curved blades. These blades are instrumental in capturing wind
energy and initiating the rotation necessary for power generation.

In a unique and innovative approach, multiple wind turbines, akin to leaves on a tree, are
strategically installed as part of a holistic system. These turbines are meticulously connected to a
gear mechanism, facilitating the efficient transfer of rotational energy. This gear mechanism is
instrumental in regulating the revolutions per minute (RPM), optimizing the conversion of kinetic
energy into electrical power.

By adopting this multifaceted arrangement, the project capitalizes on the strengths of the Savonius
turbine, tailored to the specific environmental conditions of the chosen location. The collective
efforts of these turbines, working in unison, culminate in a sustainable and reliable source of
electrical energy, emblematic of the potential embedded within wind-solar hybrid power
generation systems, such as the envisioned Renewable Power Tree. This innovative approach
stands as a testament to the ingenuity of sustainable energy solutions, offering a promising
blueprint for a greener, more resilient energy future.

2.2 Solar panel:

Solar energy stands out as one of the most economically viable and sustainable sources of power.
At the heart of this technology lies the solar panel, comprised of photovoltaic cells that have the
remarkable capability to convert sunlight directly into electrical energy. This transformative
process underscores the immense potential of solar energy in providing a clean and renewable
alternative to traditional fossil fuels. One of the key advantages of solar panels is their unparalleled
versatility. They can be seamlessly integrated into a wide array of environments, serving as a
decentralized power source that can be deployed wherever energy is needed. Furthermore, the
operational costs associated with solar panels are notably low, making them an attractive option
for a diverse range of applications.

However, it is important to acknowledge that solar energy systems face a limitation when it comes
to inclement weather conditions. In periods of reduced sunlight or overcast skies, the energy output
of solar panels may be diminished. This inherent variability necessitates innovative solutions to
ensure consistent energy production. Enter the solar tracker, a pivotal device designed to maximize
the efficiency of solar panels. This technology serves as an intelligent orientation system,
dynamically adjusting the position of the solar panel to directly face the sun throughout the day.
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By continuously tracking the sun's path across the sky, the solar tracker optimizes the absorption
of sunlight, significantly enhancing the overall energy yield.

The integration of solar trackers represents a significant leap forward in the realm of solar energy
technology. By mitigating the impact of environmental factors on energy production, these devices
bolster the reliability and effectiveness of solar power systems. This advancement addresses a
critical challenge in the pursuit of widespread solar energy adoption. In conclusion, solar energy,
harnessed through the utilization of solar panels, exemplifies a compelling solution to our ever-
growing energy needs. Its affordability, sustainability, and adaptability make it a cornerstone of
the global transition towards cleaner and more environmentally conscious energy sources. With
the integration of solar trackers, we stand poised to unlock even greater potential, ensuring that
solar power remains a dependable and resilient cornerstone of our energy infrastructure.

2.3 Charge controller:

The primary role of a charge controller is to regulate the power source, effectively managing the
electric current entering the system. This crucial component serves as a safeguard, ensuring that
the system is shielded from overcharging and overvoltage, both of which can potentially lead to
detrimental consequences. By carefully monitoring and controlling the flow of electricity, the
charge controller plays a pivotal role in maintaining the optimal operating conditions of the system,
thus enhancing its overall efficiency and longevity. This vital function underscores the significance
of the charge controller in safeguarding the integrity and performance of the electrical system it
governs.

2.4 Batteries:

Energy harvested from solar and wind sources often necessitates efficient storage for later use, and
this is accomplished through the utilization of batteries. The specific type and capacity of the
battery employed are contingent upon the scale and requirements of the solar and wind systems.
A pivotal consideration in selecting the appropriate battery lies in its ability to minimize charger
leakage. Charger leakage, or the unwanted discharge of the battery when it's not in active use, is a
critical parameter to be kept low. High charger leakage can result in energy loss and may impact
the overall efficiency of the system. Therefore, the choice of battery technology and its inherent
characteristics must align with the imperative of minimizing charger leakage.

Furthermore, the number of batteries incorporated into the system is another variable that can be
manipulated to meet specific energy storage needs. Batteries can be connected in either series or
parallel configurations, thereby altering the overall capacity of the storage system. Connecting
batteries in series increases the voltage while maintaining the same capacity, while parallel
connections enhance capacity while keeping voltage constant. This flexibility in configuring
battery arrays allows for a tailored approach to energy storage. It ensures that the system can adapt
to diverse requirements and variations in energy generation, making it a dynamic and efficient
component within the overall renewable energy system. Properly designed and integrated, these
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batteries serve as the linchpin for storing excess energy generated during periods of high solar and
wind availability, which can then be drawn upon during times of lower energy production,
ensuring a consistent and reliable energy supply.

pH serves as a crucial indicator of a liquid's acidity or alkalinity, closely linked to the concentration
of hydrogen ions within the liquid. It is measured on a scale that spans from 0 to 14, where a pH
of 7 represents a neutral solution. When the pH value falls below 7, it characterizes an acidic
solution, and when it rises above 7, it indicates a basic solution. Essentially, pH reveals the
presence of free hydrogen and hydroxyl ions in the water. More free hydrogen ions denote acidity,
while an abundance of free hydroxyl ions indicates alkalinity. Chemicals in the water can influence
the pH level, making it a vital tool for tracking chemical changes in the water. The pH scale is
logarithmic, and extreme pH values, whether too high or too low, can impact the suitability of
water for various purposes. Elevated pH levels can result in a bitter taste, whereas low-pH water
can corrode or dissolve metals and other substances.

To measure water acidity across the 0-14 range, pH sensors are employed. Various types of sensors
are used to assess different water qualities. For instance, a pH sensor can be applied in diverse
scenarios, including laboratory experiments, acid-base titrations, monitoring pH levels in
aquariums, and assessing water quality in rivers and lakes.

2.5 Inverter:

The operation of the majority of electrical appliances hinges on the availability of AC power.
Consequently, the conversion of the DC power output from batteries into AC power becomes
imperative. This transformation ensures compatibility between the power source and the electrical
devices, enabling seamless functionality.

5. Results and Discussions:

The Wind-Solar Hybrid Power Generating System is subjected to simulation using Proteus 8
software. Proteus design suite, a proprietary software tool suite, finds its application in electronic
design automation. The illustration below provides a visual representation of the simulation circuit
employed for the wind-solar hybrid power generating system.
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Fig 2: Simulation model in Proteus for a Wind-Solar hybrid power generation system.

In the circuit configuration, a 6-volt solar panel and three 2-volt wind turbines are carefully chosen.
These wind turbines are arranged in parallel alongside the solar cells. The power outputs from
these sources are directed to a comparator, specifically an LM358. The LM358 serves as a high-
gain operational amplifier with a wide-ranging power output capability. The output from the
comparator is then fed into a converter, and the choice of the converter depends on the specific
requirements of the system. Broadly, there are two main converter topologies: non-isolated and
isolated types. The non-isolated category comprises converters like the buck, boost, and buck-
boost converters. On the other hand, the isolated category includes converters such as the flyback,
push-pull, forward, half-bridge, and full-bridge converters. For the purposes of this simulation, a
buck-boost converter is employed. This converter encompasses both a buck converter to step down
the voltage and a boost converter to step up the output voltage.

In any DC-DC converter or chopper, semiconductor components function as the switch. In this

ISSN:1539-1590 | E-ISSN:2573-7104 74 © 2022 The Authors
Vol. 4 No. 1 (2022)



EFFICIENT ENERGY GENERATION: THE WIND-SOLAR HYBRID POWER TREE

project,a MOSFET is selected for this role due to its capacity to operate effectively at high voltage
levels. The switching of the MOSFET is meticulously controlled by a PWM 555 timer IC.
Typically, to generate PWM signals without a microcontroller, ICs like op-amps, timers, and pulse
generators are employed. In this instance, the 555 timer IC is the chosen component. The timer
serves as a source of time delay and operates in monostable mode, generating a non-sinusoidal
waveform. Within the PWM mechanism, the duty cycle emerges as a critical parameter, and its
modulation can be accomplished through the variable resistor R3, as depicted in the circuit. The
buck-boost converter's performance relies on the output of the power source. When the source
output is high, the timer decreases the duty cycle, thereby reducing the on-time of the MOSFET
and, consequently, the output voltage. Conversely, when the source output is low, it increases the
output. The efficacy of a hybrid system harnessing both solar and wind energy as renewable
sources is subjected to experimental investigation through the utilization of Proteus software. This
approach serves to maximize power output and ensure a continuous supply of electrical power. It's
worth noting that during periods of excessive power generation, the surplus can be directly fed to
the load. However, in instances of reduced generation, power can be supplied to the load through
the battery. Given the variability in wind speed, the output of the generator is prone to frequent
fluctuations. Therefore, the buck-boost converter plays a pivotal role in regulating the generator's
output and charging the battery. Direct supply to DC loads is facilitated through the battery, while
inverters are employed to provide power to AC loads. Figure 3 illustrates the output waveform of
the simulation, offering a visual representation of the system's performance.

In conclusion, this project delves into the intricacies of a Wind-Solar hybrid power generation
system, focusing on a meticulously designed circuit that seamlessly integrates solar and wind
energy sources. The project's extensive simulation and experimental results underscore the
advantages of such hybrid systems in maximizing power output and ensuring a reliable and
consistent power supply. This innovative approach serves as a testament to the potential of
renewable energy technologies, offering a sustainable and resilient solution to our evolving energy
needs.
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Fig 3: Shows the output waveform

6. Conclusion

The Wind-Solar hybrid power generating system emerges as an exceptionally convenient and
effective solution when contrasted with non-renewable energy resources. This innovative approach
capitalizes on the inherent advantages of both wind and solar energy, and the benefits it offers are
manifold. One of the primary merits of this system lies in the fact that its energy sources are
abundantly available at no cost. Solar and wind energy are inherently renewable, and they come
without any price tag. Moreover, they operate with a minimal environmental footprint, presenting a
stark contrast to the pollution and environmental degradation associated with non-renewable energy
sources.

A critical feature of this hybrid system is its flexibility in deployment. It can be installed precisely
where the energy is needed, eliminating the inherent losses incurred during lengthy energy
transmissions. This localized approach not only enhances energy efficiency but also contributes to a
more sustainable and resilient energy infrastructure. In a world grappling with a mounting energy
crisis, the Wind-Solar hybrid power generating system emerges as a beacon of hope. By harnessing
the abundance of natural, clean energy sources, it becomes a boon to humankind. It has the potential
to mitigate the energy crisis that looms large, offering a practical and sustainable solution to one of
the most pressing challenges of our time.

This innovative system holds the promise of transforming the way we generate and access electrical
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power. By tapping into the forces of nature, it enables us to transition toward a cleaner, more
environmentally responsible, and self-sustaining energy paradigm. In doing so, it not only addresses
immediate energy needs but also paves the way for a brighter and more sustainable future for
generations to come.
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