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ABSTRACT

The increasing demand for reliable and sustainable
energy has accelerated the development of hybrid
renewable energy systems. This project presents the
design and implementation of a Hybrid Power
Generation System using Solar, Wind, and
Piezoelectric Energy Sources. The system integrates
photovoltaic panels to harness solar energy, a wind
turbine to capture wind energy, and piezoelectric
sensors to generate electricity from mechanical
vibrations or pressure. Solar energy provides power
during daytime with high irradiance conditions,
while wind energy complements generation during
cloudy or nighttime periods. Piezoelectric modules
are incorporated to capture energy from mechanical
stress such as footsteps or vibrations, enhancing
overall system efficiency.

The  proposed system is  cost-effective,
environmentally friendly, and suitable for rural
electrification, smart infrastructure, and low-power
applications. By combining multiple renewable
sources, the system enhances energy security,
reduces dependency on fossil fuels, and promotes
sustainable developmentThe increasing demand for
energy and the depletion of conventional fossil fuel
resources have led to a growing interest in renewable
and sustainable energy solutions. This project
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presents the design and development of a Multi-
Source Energy Harvesting System that utilizes
multiple renewable energy sources such as solar,
wind, and piezoelectric energy to generate electrical
power.

The main objective of this system is to ensure a
reliable and continuous power supply by
overcoming the limitations associated with
individual energy sources. In this system, solar
panels are used to capture energy from sunlight, a
wind turbine or DC generator is employed to harness
wind energy, and piezoelectric sensors are used to
convert mechanical vibrations or pressure into
electrical energy. Since these sources are
intermittent in nature, combining them enhances
overall energy availability and system efficiency.
The generated energy from each source is
conditioned using appropriate power electronic
circuits such as rectifiers, voltage regulators, and
charge controllers before being stored in a
rechargeable battery.

Keywords: Renewable Energy, Energy Harvesting,
Solar Energy, Wind Energy, Piezoelectric Energy,
IoT Monitoring, Hybrid Power System, Smart
Energy Management.
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Energy demand is increasing rapidly due to
population growth, industrial development, and the
widespread use of electronic devices. At the same
time, conventional energy sources such as coal, oil,
and natural gas are depleting and causing serious
environmental problems like pollution and global
warming. This situation creates a strong need for
clean, sustainable, and renewable energy solutions.
For example, solar panels can generate electricity
during the daytime, while wind turbines can operate
both day and night depending on wind availability.
Similarly, piezoelectric sensors can produce energy
from vibrations or pressure, such as footsteps or
moving vehicles. By combining these sources,
continuous and stable power generation can be
achieved.

The main objective of this project is to design and
develop a system that integrates multiple renewable
energy sources into a single platform. The collected
energy is managed using a power conditioning
circuit and stored in a battery for later use. A
microcontroller, such as Arduino, is used to monitor
and control the system operations, ensuring efficient
energy utilization and distribution. This system can
be applied in remote areas where conventional
power supply is not available, as well as in smart
cities, wearable devices, and low-power electronic
applications.

1.1 Motivation

In recent years, the rapid increase in energy demand
along with the depletion of conventional energy
resources has created a strong need for alternative
and sustainable energy solutions. Traditional sources
such as coal, oil, and natural gas are not only limited
but also contribute significantly to environmental
pollution and global warming. This has motivated
researchers and engineers to explore renewable and
eco-friendly energy sources that can meet the
growing power requirements without harming the
environment.One of the major challenges with
renewable energy sources like solar andwind is their
intermittent nature. Solar energy depends on
sunlight, which is not available during nighttime or
cloudy weather, while wind energy depends on wind
speed, which is unpredictable. Relying on a single
source of renewable energy often leads to
inconsistency in power generation. This limitation
has motivated the development of systems that can
combine multiple energy sources to ensure a more
reliable and continuous power supply.The concept of
a multi-sourceenergy harvesting system emerges as a
promising solution to this problem. By integrating
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different energy sources such as solar, wind, and
piezoelectric energy, the system can capture energy
from various environmental conditions. For
example, solar panels can generate electricity during
the daytime, wind turbines can produce power when
there is airflow, and piezoelectric sensors can
convert mechanical vibrations or pressure into
electrical energy. This combined approach
significantly improves the efficiency and reliability
of energy generation.

1.2 Scope of Research

The scope of this research focuses on the design,
development, and implementation of a multi-source
energy harvesting system that integrates solar, wind,
and piezoelectric energy sources to generate
electrical power. The research mainly concentrates
on collecting energy from different renewable
sources, converting it into usable electrical energy,
and storing it efficiently in a rechargeable battery for
continuous power supply. The system is designed
for low-power applications such as smart homes,
remote monitoring systems, street lighting, and rural
electrification where conventional power supply is
not always available.

This research also includes the study of power
conditioning circuits such as rectifiers, voltage
regulators, and DC-DC converters required to
convert and regulate the power obtained from
different energy sources. The integration of multiple
energy sources into a single system and the efficient
management of energy flow using a microcontroller
is an important part of this research. The system also
incorporates 10T technology using NodeMCU for
real-time monitoring and control of electrical loads
through internet and voice commands using Amazon
Alexa.

The research is limited to small-scale power
generation and focuses mainly on improving
reliability, efficiency, and continuous power supply
using hybrid renewable energy sources. The project
does not focus on large-scale power generation but
aims to develop a smart and efficient energy
harvesting system suitable for domestic and remote
applications. The main scope of this research is to
promote renewable energy utilization, reduce
dependency on conventional energy sources, and
develop an eco-friendly and sustainable power
generation system for future smart energy
applications.
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2. LITERATURE SURVEY

With the integration of power electronic circuits
such as rectifiers, DC-DC converters, and voltage
regulators to efficiently convert and manage power
from different sources. Maximum Power Point
Tracking (MPPT) techniques were also introduced to
extract maximum energy, especially from solar
panels. These improvements significantly enhanced
system efficiency and performance.

The development of renewable energy systems has
attracted significant attention from researchers due
to the increasing demand for clean, sustainable, and
reliable  power sources. Energy harvesting
technologies have emerged as an effective solution
for generating electrical energy from naturally
available sources such as solar, wind, and
mechanical vibrations. These systems are widely
used in applications like remote sensing, wireless
communication, and low-power electronic devices,
where continuous power supply is essential.

Early research in energy harvesting mainly focused
on single-source systems, particularly solar energy
systems using photovoltaic (PV) cells. Researchers
studied the design and optimization of solar panels
to improve energy conversion efficiency. However,
these systems were limited by the availability of
sunlight, making them unsuitable for continuous
power generation. Similarly, wind energy systems
were developed using small-scale turbines, but their
performance depended on wind availability, which is
highly unpredictable.

Further studies explored piezoelectric energy
harvesting techniques, where mechanical vibrations
or pressure are converted into electrical energy.
Researchers ~ demonstrated that  piezoelectric
materials are suitable for low-power applications
such as sensors and wearable devices. However, the
energy generated from such systems is very small
and cannot be used for high-power applications.

2.2 OVERVIEWOFLITERATUREREVIEW

The development of renewable energy systems has
attracted significant attention from researchers due
to the increasing demand for clean, sustainable, and
reliable power sources. Energy
harvestingtechnologies have emerged as an effective
solution for generating electrical energy from
naturally available sources such as solar, wind, and
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mechanical vibrations. Multi source energy
harvesting

power generation researches such as
Dunn(2011)analyzed the role of electrical energy
storage in modern power systems. The study
highlighted that renewable energy sources like solar
and wind are intermittent, requiring efficient storage
solutions. Various storage technologies such as
batteries and mechanical systems were discussed.
Battery-based storage was identified as the most
suitable for renewable integration. The authors also
pointed out challenges like cost, efficiency losses,
and limited lifespan.

Further research by Rashid (2017) provided a
comprehensive study on power electronics and their
applications in energy systems. The book explains
the role of devices such as rectifiers, converters, and
inverters in power conversion and control. It
highlights the importance of power electronic
circuits in regulating voltage and improving system
efficiency. The study also discusses various DC-DC
converters used in renewable energy applications.
However, it mentions challenges such as switching
losses and circuit complexity.

In Patel and Shah (2019) proposed the design and
development of a wind energy conversion system.
The study explained the working of small-scale wind
turbines for electricity generation. It focused on
converting kinetic energy of wind into electrical
energy using generators. The authors analyzed
system performance under varying wind speeds. The
results showed that wind energy can be effectively
utilized in suitable environmental conditions.
However, the system depends highly on wind
availability and speed variations.

Later studies byPriya and Kumar (2020)
investigated piezoelectric energy harvesting for low-
power applications. The study explained how
mechanical vibrations and pressure can be converted
into electrical energy. It focused on the design and
performance of piezoelectric sensors.

3. EXISTING SYSTEM

The existing energy generation systems mainly rely
on single-source power generation methods such as
solar energy systems or wind energy systems. In a
solar power system, electricity is generated only
when sunlight is available, which means power
generation is limited to daytime and depends on
weather conditions. Similarly, wind energy systems
generate power only when sufficient wind speed is
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available, making power generation unpredictable.
Piezoelectric energy systems are also used in some
applications, but the power generated from
piezoelectric sensors is very small and suitable only
for low-power devices. Most of the existing systems
use only one renewable energy source and store
energy in batteries for later use. These systems also
use basic charge controllers and rectifiers for power
management. However, since these systems depend
on a single energy source, they cannot provide
continuous power supply under all environmental
conditions. Therefore, single-source energy systems
are less reliable for continuous power generation.

Disadvantages of Existing System

The main disadvantage of the existing system is the
dependency on a single energy source, which leads
to inconsistent power generation. Solar energy
systems cannot generate power during nighttime or
cloudy weather, while wind energy systems depend
entirely on wind availability, which is not constant.
Piezoelectric systems generate only a small amount
of power and cannot be used as a primary power
source. Another major disadvantage is low
efficiency because energy is not generated
continuously. These systems also lack proper energy
management and smart monitoring features. In many
existing systems, there is no integration of multiple
energy sources, which results in energy loss and
inefficient utilization of available natural resources.
Additionally, power interruption is common in
single-source systems, which makes them unsuitable
for applications that require continuous and reliable
power supply. Hence, there is a need for a multi-
source energy harvesting system to overcome these
limitations and provide continuous power
generation.

4. PROPOSED SYSTEM

The proposed system is a Multi-Source Energy
Harvesting System that generates electrical power by
integrating three renewable energy sources: solar
energy, wind energy, and piezoelectric energy. The
main objective of the proposed system is to provide
continuous and reliable power supply by combining
multiple energy sources so that if one source is
unavailable, the other sources can supply power. In
this system, solar panels generate electricity from
sunlight, the wind turbine generates electricity from
wind energy, and the piezoelectric sensor generates
electricity from mechanical vibrations or pressure.
Since the output from these sources is not stable,
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power conditioning circuits such as rectifiers,
voltage regulators, and DC-DC converters are used
to convert the generated power into a stable DC
supply.

The regulated DC power from all energy sources is
combined and used to charge a rechargeable battery.
The battery acts as an energy storage unit and
supplies power to the load when the energy
generation is low. An inverter is used to convert DC
power from the battery into AC power to operate AC
loads such as bulbs and fans. The system also
includes a NodeMCU (ESP8266) microcontroller for
loT-based monitoring and control. The 10T system
allows the user to monitor voltage, current, and load
status remotely through the internet. The system can
also be controlled using voice commands through
Amazon Alexa, making it a smart energy
management system. The proposed system improves
efficiency, reliability, and ensures continuous power
supply using renewable energy sources.

4.1 Block Diagram

The block diagram of the multi-source energy
harvesting system consists of solar panel, wind
turbine, piezoelectric sensor, rectifier, charge
controller, battery, inverter, relay, microcontroller
(NodeMCU), and load. The solar panel converts
sunlight into DC electricity. The wind turbine
generates AC electricity which is converted into DC
using a bridge rectifier. The piezoelectric sensor
generates AC voltage when pressure is applied,
which is also converted into DC using a rectifier.
The outputs from all three energy sources are
combined and passed through a charge controller to
regulate the voltage and current.

Fig. 1: Block Diagram of the Prototype
4.2 Block Diagram Description

The block diagram of the Multi-Source Energy
Harvesting System represents the overall structure
and working flow of the system. The system mainly
consists of three energy sources, namely the solar
panel, wind turbine, and piezoelectric sensor. These

https://ijerst.org/index.php/ijerst 338



https://ijerst.org/index.php/ijerst

\ )@:\ST

Int.J .Engg .Res .Sci & .Tech & .202 6,2319 ISSN -5991 ﬁmmdMMIMIW

three sources are used to generate electrical energy
from different environmental conditions. The solar
panel generates electrical energy from sunlight using
the photovoltaic effect. The wind turbine generates
electrical energy from wind energy by converting
the kinetic energy of wind into mechanical energy
and then into electrical energy using a generator.
The piezoelectric sensor generates electrical energy
when mechanical pressure or vibrations are applied
to it.

Fig 2:circuit diagram of multi-source harvesting
system

The electrical output obtained from the wind turbine
and piezoelectric sensor is in the form of alternating
current (AC), which cannot be directly used for
charging the battery. Therefore, a bridge rectifier is
used to convert AC into direct current (DC). The
solar panel already produces DC power, but the
voltage level may not be stable. Hence, a voltage
regulator and DC-DC converter are used to regulate
and maintain a constant DC output voltage from all
the energy sources. These power conditioning
circuits are very important because the output from
renewable energy sources is not constant and varies
with environmental conditions.

After rectification and voltage regulation, the DC
outputs from all three energy sources are combined
and connected to the charge controller. The charge
controller plays a major role in the system as it
controls the charging of the battery. It prevents
overcharging, deep discharging, and reverse current
flow, thereby protecting the battery and improving
its lifespan. The charge controller ensures that the
battery is charged safely and efficiently using power
generated from multiple sources.
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The energy is then stored in a rechargeable battery,
which acts as an energy storage unit. The battery
stores excess energy generated during high energy
availability conditions and supplies power to the
load when energy generation is low or unavailable.
This helps in maintaining continuous power supply
to the load.

The battery provides DC power, but most household
appliances require AC power. Therefore, an inverter
is used to convert DC power from the battery into
AC power. The AC output from the inverter is then
supplied to the load such as a bulb, fan, or other
electrical appliances.

A relay module is used to control the load. The relay
acts as an electrically operated switch that allows the
system to automatically turn the load ON or OFF.
The relay is controlled by a microcontroller such as
NodeMCU (ESP8266).

The NodeMCU microcontroller is an important part
of the system as it provides loT-based monitoring
and control. It monitors system parameters such as
voltage, current, battery status, and load status. The
NodeMCU connects to the internet via Wi-Fi and
sends data to the 10T cloud platform. The user can
monitor the system remotely using a mobile phone
or computer. The system can also be controlled
using voice commands through Amazon Alexa.
When the user gives a voice command, the
NodeMCU receives the signal and controls the relay
to switch the load ON or OFF.

Thus, the block diagram shows the complete flow of
energy from energy sources to power conditioning
circuits, energy storage, power conversion, and
finally to the load with smart monitoring and
control. The integration of multiple renewable
energy sources, battery storage, inverter, and loT
control makes the system reliable, efficient, and
suitable for continuous power supply applications
such as smart homes, street lighting, and remote
monitoring systems.

5. RESULTS

The successful generation and efficient utilization of
renewable energy to operate electrical loads with
smart control. The system effectively combines
power from all three sources, stores it in a battery,
and provides a stable output to run devices such as
lights and fans. By integrating 10T technology with
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Amazon Alexa, the loads can be controlled easily
through voice commands, enabling hands-free and
remote operation. This results in reduced
dependency on conventional power sources,
improved energy efficiency, and enhanced
convenience. Overall, the system demonstrates a
reliable, eco-friendly, and intelligent solution for
modern energy management and smart home
applications.5.1 Hardware Setup

Fig. 3Hardware Setup of the Prototype

The developed multi-source energy harvesting
system was successfully implemented and tested
under different environmental conditions. The
system effectively utilized three renewable energy
sources, namely solar, wind, and piezoelectric
energy, to generate electrical power. Each
sourcecontributed to the overall power generation
depending on its availability, thereby ensuring
continuous and reliable energy output.

During the testing phase, the solar panel generated a
maximum output of approximately 18V under good
sunlight conditions. The wind turbine produced
around 12V depending on wind speed variations.
The piezoelectric sensor generated a small amount
of voltage when subjected to mechanical vibrations
or pressure. Although the output from the
piezoelectric source was comparatively low, it
contributed to the overall energy harvesting process,
especially in the presence of continuous vibrations.

The multi-source powered system using solar, wind,
and piezoelectric energy to control loads via
Amazon Alexa demonstrates an efficient and reliable
approach to renewable energy utilization and smart
automation. By integrating multiple energy sources,
the system ensures continuous power availability
even when one source is unavailable, such as solar
power during nighttime or low wind conditions. The
combination of these sources improves overall
energy efficiency and reduces dependency on
conventional grid electricity. The use of a battery
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storage system further stabilizes the output by
storing excess energy and supplying it during
fluctuations. Additionally, the integration of loT
technology with Amazon Alexa enhances user
convenience by enabling remote and voice-based
control of electrical loads, making the system user-
friendly and suitable for modern smart homes.
However, the system may face challenges such as
higher initial cost, complexity in integrating multiple
sources, and lower output from piezoelectric
components.

6. CONCLUSION

In conclusion, the designed circuit demonstrates an
efficient and intelligent hybrid power system that
utilizes multiple renewable energy sources to
enhance reliability and energy availability. By
combining solar, wind, and piezoelectric energy, the
system overcomes the limitations of individual
sources and ensures continuous power generation
under varying environmental conditions. The
inclusion of energy storage in the battery further
strengthens system stability by providing backup
during power fluctuations or source
unavailability.The integration of loT through the
NodeMCU enables real-time monitoring, remote
access, and automation, making the system highly
user-friendly and adaptable to modern smart
environments. The addition of Alexa-based voice
control further enhances convenience by allowing
hands-free operation of electrical loads. This system
is particularly suitable for applications such as smart
homes, rural electrification, and remote monitoring
stations where reliable and sustainable energy is
essential.Overall, the circuit not only promotes the
use of renewable energy but also showcases the
importance of combining power electronics,
embedded systems, and loT technologies to create
smart and efficient energy management solutions for
the future.

The multi-source powered system using solar, wind,
and piezoelectric energy to control loads through
Amazon Alexa demonstrates an efficient and
sustainable approach to modern energy management.
By integrating multiple renewable energy sources,
the system ensures continuous and reliable power
generation under varying environmental conditions,
reducing dependence on conventional electricity.
The inclusion of piezoelectric energy further
enhances energy harvesting by utilizing mechanical
vibrations and pressure. With the help of loT-based
control and voice commands via Alexa, the system
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provides smart, user-friendly, and remote operation
of electrical loads. Overall, this project promotes
green energy utilization, improves energy efficiency,
and represents a significant step toward smart homes
and eco-friendly automation systems
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