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Abstract—Withtheincreasingdemandforportableelectronicdevices,thereis a
growing need for efficient and reliable power sources. Portable power banks have
become popular solutions for on-the-go charging, but they often face limitations
in terms of their energy capacity and recharging options. To address these
challenges, this study proposes an innovative hybrid energy harvesting
systemforportablepowerbanks. Theproposedsystemleveragesacombination of
multiple energy harvesting technologies to maximize energy generation and
ensure continuous power supply. It integrates solar panels, battery source, and
kinetic energy harvesters into a compact and portable design. By harnessing
energy from ambient light, and mechanical vibrations, the power bank can
efficiently convert these sources into electrical energy. To optimize the energy
harvesting process, the system incorporates advanced power management and
control algorithms. These algorithms intelligently manage the energy flowbetween
the different  harvesting  modules, ensuring the most efficient
utilizationofavailableenergysources.Additionally, the powerbankis equippedwith a
smart charging system that adapts to various devices, providing the appropriate
voltage and current levels for efficient charging. The performance of the hybrid
energy harvesting system was evaluated through extensive testing under various

environmentalconditions. Theresultsdemonstrateitseffectivenessin generating
substantial amounts of power for extended charging capabilities.
Comparedtotraditionalpowerbanksrelyingsolelyonasingleenergysource, the

proposed system offers increased energy efficiency and longer operatingtimes.
Furthermore, the compact and portable design of the hybrid energy harvesting
system makes it ideal for outdoor and remote applications where
traditionalpowersourcesarelimited. Userscanrelyonthepowerbankto charge their
devices even in off-grid scenarios, making it a reliable andsustainable solution.

Keywords—Portablepowerbanks, Hybridenergysystem,Solarpanel, Handcrankgenerator, Piezoelectric,
Battery storage, Charge controller, Portable device charging

1. INTRODUCTION

In today's fast-paced and technology-driven world, portable electronic devices have

become an integral part of our daily lives. Whether it's smart phones, tablets, or wearable devices,
these gadgets require a constant and reliable power supply. However, the limited battery capacity
of these devices often poses a challenge, especially when users are on the move or in remote
locations where access to traditional power sources is limited.
To address this issue, portable power banks have emerged as popular solutions, allowing users to
conveniently rechargetheirdevicesonthe go.However,conventionalpowerbankshavetheir own
limitations, primarily in terms of energy capacity and recharging options. Typically, power banks
rely on a single energy source, such as an electrical outlet or USB connection, which may not
always be available or practical in certain situations. To overcome these limitations and enhance
the efficiencyofportablepower banks, thisstudyproposesan innovativehybrid energyharvesting
system. By integrating multiple energy harvesting technologies into a compact design, the power
bank can leveragediverse ambient energy sources to generate electricity and provide a sustainable
power solution. The proposed hybrid energy harvesting system combines solar panels, and kinetic
energyharvesters,enablingthepowerbanktoharnessenergyfromsunlight,andmechanical
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vibrations. This multi-source approach ensures a more consistent and abundant supply of energy,
thereby extending the operating time and enhancing the charging capabilities of the power bank.

In thefollowing sections,wewill discuss the methodology,design considerations,implementation
details, and performance evaluation of the hybrid energy harvesting system for portable power
banks. The results and findings of this study will shed light on the potential of this innovative
solution to revolutionize the portable power industry and meet the evolving power needs of
modern-day consumers.

I1. PROPOSEDSYSTEM

The proposed hybrid energy harvesting system for portable power banks aims to optimize energy
generation and enhance the efficiency of charging capabilities. By integrating multiple energy
harvestingtechnologies,advancedpowermanagementalgorithms,andsmartchargingfeatures,the
system offers a sustainable and reliable power solution for on-the-go charging.

Energy Harvesting Technologies: The system incorporates three primary energy harvesting
technologies:

a) Solar Panels: Solar panels are integrated into the design to harness energy from sunlight. The
panels are strategically positioned on the power bank to capture maximum solar irradiance and
convert it into electrical energy.

b) Kinetic Energy Harvesters: Kinetic energy harvesters capture mechanical vibrations and
movements to generate electricity. These harvesters are designed to convert the motion and
vibrations experienced by the power bank during daily usage into electrical energy.

¢) Hand crank generator: A hand crank generator, also known as a hand crank dynamo or human-
powered generator, is a device that converts manual mechanical energy into electrical energy. It
typicallyconsistsofahandle orcrank mechanismthat canberotatedbyhand,which in turndrives an
internal generator or dynamo.
Bycombiningtheseenergyharvestingtechnologies,theproposedsystemensuresadiversifiedand
continuous supply of energy from various ambient sources.
PowerManagementandControlAlgorithms:

To optimize energy utilization and maximize efficiency, the system incorporatesadvanced
power management and control algorithms. These algorithms monitor the energy flow from
different harvesting modules, intelligently manage the energy conversion and storage processes,
and regulate the distribution of power to charging devices. The algorithms dynamically adjust the
power allocation based on the availability of energy sources, prioritizing the utilization of the most
abundant and efficient sources at any given time. This intelligent management of energy flow
helps maximize the overall energy conversion efficiency of the system.

SmartChargingSystem: Thepowerbankisequippedwithasmartchargingsystemthatadaptsto the
specific chargingrequirementsofdifferentdevices. Thissystem utilizes intelligentvoltage and current
regulation techniques to provide efficient and safe charging. Through device recognition and
communication protocols, the power bank identifies the connected device and adjusts the
voltageandcurrentoutput accordingly.This ensures optimalchargingperformance,compatibility, and
device protection.

Compact and Portable Design: The hybrid energy harvesting system is designed to be compact,
lightweight, and portable. The integration of multiple energy harvesting technologies into a
streamlined form factor allows for easy transport and convenient usage. The power bank is
equipped with a user-friendly interface, indicating the energy levels and charging status. It also
includes standard USB ports and connectors to support a wide range of devices.

By leveraging the benefits of multiple energy sources, advanced power management algorithms,
and smart charging capabilities, the proposed hybrid energy harvesting system significantly
improves the efficiency, reliability, and sustainability of portable power banks

Blockdiagram

[ SolarPanel ] [ HandCrankGenerator }
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[ VoltageRegulatorandMobileBatteryCharger J
T A

{ PiezoElectricGenerator ] [ BatterySource J

Page No: 2



Journal of Vibration Engineering(1004-4523) || Volume 22 Issue 2 2022 || www.jove.science

1. SolarPanels:Thesolarpanelscapturesunlightandconvertitintoelectricalenergy.
EnergyHarvestingModules: Thiscomponentconsistsofthermoelectricgeneratorsandkinetic
energy harvesters. It capturesenergy from temperature differences and mechanical vibrations,
respectively, and converts it into usable electrical power.

3. Power Management and Control Algorithms: These algorithms monitor the energy flow from
the energy harvesting modules, optimize energy utilization, and regulate the distribution of
power to charging devices based on their requirements and available energy sources.

4. Smart Charging System: The smart charging system adjusts the voltage and current output of
the power bank based on the connected device, ensuring efficient and safe charging.

5. Portable Power Bank: This is the final output of the system, a compact and portable power
bank that utilizes the harvested energy and efficiently charges portable electronic devices.
Through this block diagram, it is evident that the proposed hybrid energy harvesting system
integrates various components and technologies to optimize energy generation, management, and
charging capabilities, ultimately providing an efficient and sustainable power solution forportable

power banks.

I1I. HARDWAREREQUIREMENTS

PiezoelectricGenerator

A piezoelectric generator is a device that converts mechanical vibrations into electrical energy

usingthepiezoelectriceffect. Thepiezoelectriceffectreferstotheability — ofcertainmaterials,such  as

crystals or ceramics, to generate an electric charge in response to applied mechanical stress or
pressure.

Theworkingprincipleofapiezoelectricgeneratorinvolvesthefollowingsteps:

1. Mechanical Vibrations: When the piezoelectric material is subjected to mechanical vibrations
or strain, it experiences a deformation or displacement.

2. Generation of Electric Charge: The applied mechanical stress causes a redistribution of the
positive and negative charges within the crystal lattice structure of the piezoelectric material,
resulting in the generation of an electric charge across its surfaces.

3. Harvesting the Electric Charge: The generated electric charge is captured and collected by
electrodesplaced on the surfacesof the piezoelectric material. These electrodes are connected
to an electrical circuit for further processing and utilization.

4. Conversion to Usable Electrical Energy: The captured electric charge from the piezoelectric
material is then converted into usable electrical energy through appropriate conditioning and
power management circuits. This energy can be stored in batteries or used to directly power
electronic devices or recharge other devices, such as portable power banks.

Piezoelectric generators are commonly used in various applications where there are mechanical

vibrations or movements available, such as in industrial machinery, vehicles, infrastructure

monitoring systems, and even wearable devices. By integrating piezoelectric technology into a

hybrid energy harvesting system for portable power banks, the system can capture and utilize the

mechanical vibrations from user interactions or external sources to generate additional electrical
energy and improve overall energy efficiency.

Handcrankgenerator

A hand crank generator, also known as a hand crank dynamo or human-powered generator, is a

device that converts manual mechanical energy into electrical energy. It typically consists of a

handle or crank mechanism that can be rotated by hand, which in turn drives an internal generator

or dynamo.

Theworkingprincipleofahandcrankgeneratorinvolvesthefollowingsteps:

1. Manual Rotation: The user rotates the handle or crank of the generator by hand. This
mechanical energy input is converted into rotational motion.

2. Generator or Dynamo: The rotational motion of the crank drives an internal generator or
dynamo. The generator consists of coilsof wire and amagnet, which creates a magnetic field.
As the coils of wire rotate within the magnetic field, an electric current is induced in the wire
according to Faraday's law of electromagnetic induction.

3. Electrical Output: The induced electric current is captured and collected by the generator's
output terminals. It can be used directly to power devices or stored in batteries for later use.
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4. Power Regulation and Control: Hand crankgenerators mayinclude voltageregulation circuits
or control mechanisms to ensure a stable and safe electrical output. These circuits
helpregulatethevoltageand currentlevelsto matchtherequirementsoftheconnected devicesand
prevent overloading or damage.

Hand crank generators are commonly used in emergency situations, off-grid scenarios, outdoor
activities, and humanitarian efforts where access to electricity is limited or unavailable. They
provide a portable and sustainable power source that can be operated manually, allowing for on-
demand power generation. Hand crank generators are often found in portable power banks or
portable emergency radios, providing a reliable source of electricity when traditional power
sources are not accessible.

By incorporating a hand crank generator as part of a hybrid energy harvesting system for portable

power banks, users can generate electrical energy through manual rotation, in addition to other

energy harvesting methods like solar panels, thermoelectric generators, kinetic energy harvesters,
orpiezoelectric modules.This combinationofenergysourcesensures adiversified andcontinuous
supply of power, making the power bank more versatile and reliable in various situations.

Chargecontroller

A charge controller, also known as a charge regulator, is an essential component in renewable

energy systems, including those that incorporate hybrid energy harvesting systems or utilize solar

panels. Its primary function is to regulate and control the charging process of batteries or energy
storage systems to ensure safe and efficient operation.

Themaintasksofachargecontrollerinclude:

1. Charging Control: The charge controller manages the charging process of the batteries by
monitoring their voltage and current levels. It regulates the flow of energy from the energy
harvesting sources,such assolar panelsor other energy harvesters, to thebatteries,preventing
overcharging or undercharging.

2. Maximum Power Point Tracking (MPPT): In the case of solar panels, certain charge
controllers incorporate MPPT technology. MPPT allows the charge controller to optimize the
poweroutputfromthesolarpanelsbycontinuouslytrackingthemaximumpowerpoint,which is the
point where the solar panel operates most efficiently. This technology ensures that the
maximum amount of solar energy is harvested and utilized, improving overall system
efficiency.

3. Battery Protection: Charge controllers often include built-in mechanisms to protect the
batteries from overcharging, deep discharge, and excessive current. These protections help
prolong the battery life, enhance its performance, and prevent damage or failure.

4. Load Control: Some charge controllers have the capability to manage the power output to
connected loads, such as electrical devices or appliances. They can regulate the supply of
power from the batteries, ensuring that the connected loads receive a stable and appropriate
voltage and current.

5. Monitoring and Display: Charge controllers may provide monitoring and display functions to
present real-time information about the charging process, battery status, energy consumption,
and other relevant data. This allows users to have visibility and control over the system's
performance and make informed decisions regarding energy usage.

Charge controllersare essential for the reliable and efficient operation of hybrid energy harvesting

systems and renewable energy systems in general. They ensure proper battery charging, protect

against overcharging and damage, optimize energy utilization, and enhance the overall
performance and lifespan of the system.

BatterySource

The choice of battery source for a power bank depends on various factors, including capacity
requirements, size and weight considerations, cost, and desired performance characteristics. Here
are some commonly used battery sources for power banks

Li-ion batteries are the most popular choice for power banks due to their high energy density,
lightweight design, and long cycle life. They offer a good balance between capacity and size,
makingthemidealforportableapplications. Li-ionbatteriesalsohavelowself-dischargeratesand can
provide a stable output voltage.When selecting a battery source for a power bank, it is important to
consider factors such as the desired capacity, charging efficiency, voltage stability, safety features,
and the specific requirements of the intended application
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PiezoBuzzer

A piezo buzzer is an electronic audio signaling device that utilizes the piezoelectric effect to

produce sound.It consistsof apiezoelectric transducer,which is aceramic discor element,and an

oscillator circuit.

1. PiezoelectricTransducer: Thepiezo buzzercontainsa piezoelectric transducer, which ismade
ofapiezoelectricmaterialsuchasquartzorceramic. Whenanelectricvoltageisappliedtothe
transducer, it undergoes mechanical deformation or vibration due to the piezoelectric effect.

2. Oscillator Circuit: The piezo buzzer is typically connected to an oscillator circuit. This circuit
generatesanalternatingcurrent(AC)signalataspecificfrequency. Thefrequencydetermines the
pitch of the sound produced by the buzzer.

3. Mechanical Vibration: The ACsignal from the oscillator circuit is applied to the piezoelectric
transducer. As the voltage changes polarity, it causes the transducer to deform or vibrate
rapidly. This mechanical vibration creates pressure waves in the surrounding air, generating
sound waves.

4. Sound Output: The rapid vibrations of the piezo element result in the production of sound
waves at the desired frequency. The sound waves propagate through the airand are audible to
human ears as a tone or beep.

Piezo buzzers are commonly used in various applications where compact and reliable sound
generation is required. They are often found in electronic devices, alarm systems, timers, home
appliances, automotive indicators, and electronic toys. Piezo buzzers are preferred for their small
size, low power consumption, durability, and simplicity of design.

It's important to note that piezo buzzers produce a single frequency tone, typically within the
audiblerangeofhumanhearing. Theyarenotdesigned forplayingcomplex melodiesormusicbut are
well-suited for generating simple alarm sounds or notification tones

Wirelessreceiver

Awirelessreceiver, also known as awirelessreceiver module or wirelessreceiver unit, isadevice that

enables the reception and decoding of wireless signals transmitted from a corresponding

wirelesstransmitter.It allowsfor the wirelesstransmission of data, audio, video,or controlsignals
from one device to another without the need for physical wired connections.

Here'sanoverviewothowawirelessreceiverworks:

1. WirelessTransmission: Thewireless receiver isdesignedto receivesignals thatare wirelessly
transmitted from a compatible wireless transmitter. The transmitter and receiver must operate
on the same frequency or within the same wireless communication protocol for successful
communication.

2. ReceptionofSignals:Thewirelessreceivermoduleisequippedwithanantennaorareceiving  circuit
that captures the wireless signals in its vicinity. The antenna picks up the electromagnetic
waves carrying the wireless signals and converts them into electrical signals.

3. Signal Decoding: Once the electrical signals are received, the wireless receiver's circuitry
decodesandprocessesthemaccordingtothespecificcommunicationprotocolused. Thismay
involve demodulation, error correction, or other signal processing techniques to extract the
original data, audio, video, or control information.

4. Output or Integration: Depending on the intended application, the wireless receiver may
provide output signals in various forms. For example, it can transmit the received data to a
display screen, audio system, or control interface. In some cases, the receiver may be
integrated into a larger system or device, such as a wireless audio receiver integrated into a
sound system.

Wireless receivers are used in a wide range of applications, including wireless communication

systems, remote control devices, wireless audio and video transmission, wireless sensor networks,

and more. They enable convenient and flexible wireless connectivity, eliminating the need for
physical cables and allowing for greater mobility and versatility in device interactions.

It's worth noting that wireless receiver modules are available in various forms, including

standalonemoduleswithstandardinterfaces(such asUSB,Bluetooth,orWi-Fi),integrated circuit (IC)

modules for specific wireless protocols, or customized receiver units designed for specific
applications. The choice of a wireless receiver depends on the desired wireless communication
standard, range, data rate, and other specific requirements of the application.
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GPSmodule

A GPS module, also known as a GPS receiver or GPS chipset, is a device that receives signals
from Global Positioning System (GPS) satellites to determine precise location, velocity, and time
information. It utilizes the signals transmitted by multiple GPS satellites to calculate the device's
latitude, longitude, and altitude, providing accurate positioning data.

SIM900Modem

The SIM900 Modem is a widely used communication module that enables devices to connect to
the GSM (Global System for Mobile Communications) network. It provides functionalities for
voice calls, SMS messaging, and GPRS (General Packet Radio Service) data transmission. The
SIM900 Modem is often used in various applications that require mobile communication
capabilities,suchasloT(InternetofThings)devices,remotemonitoringsystems,andwirelessdata
transmission.

NanoBoard

In the context of optimizing portable power banks for an innovative hybrid energy harvesting

system,incorporatingananoboard,specificallyan ArduinoNanoboard,canofferseveralbenefits:

1. Control and Monitoring: The Arduino Nano board provides a microcontroller platform that
allows for control and monitoring of the hybrid energy harvesting system. It can be
programmed to manage and optimize the energy flow from different energy sources, monitor
the battery status, regulate charging and discharging processes, and provide real-time data on
energy generation and consumption.

2. CustomizationandFlexibility: TheArduinoNanoboardishighlycustomizableandflexible.It offers
a wide range of I/O pins that can be utilized to interface with various sensors, energy
harvestingmodules,batterymanagementsystems,andothercomponentsofthehybridsystem. This
flexibility allows for tailored integration and adaptation to specific requirements and energy
sources.

3. Prototyping and Development: The Nano board is commonly used in prototyping and
development due to its compact size and ease of use. It provides a platform for quickly
building andtesting the hybridenergyharvestingsystem,allowing foriterativeimprovements
andoptimizations.ItscompatibilitywiththeArduinoecosystem also providesaccessto a vast
library of code and resources for rapid development.

4. Compatibility and Community Support: Arduino Nano boards have a large community of
users and developers, which means there are ample resources, tutorials, and community
support available. This can be valuable for troubleshooting, learning, and expanding the
functionality of the hybrid energy harvesting system.

5. Low Power Consumption: Arduino Nano boards are designed to be power-efficient, making
themsuitableforbattery-poweredapplications. Theyconsumeminimalpowerwhencompared  to
larger development boards, contributing to the overall energy efficiency of the portable power
bank system.

By incorporating an Arduino Nano board into the hybrid energy harvesting system for portable

power banks, it becomes possible to enhance control, monitoring, and customization capabilities.

The board facilitates prototyping, offers compatibility with a vast ecosystem, and ensures power-

efficient operation, ultimately contributing to the optimization of the power bank's performance

and efficiency.

PrototypemodelofProposedPortablepowerBank

CHARGE CONTROLLER

HAND CHANK

IEZO BUZZER

VARIDUS AMPS OUTPUT

spEARER

MANE BOARD

RECONDING SET SRS MODULE

WIRELESS RECIVER

Fig.1.PrototypeoftheProposedsystem.
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Results:

The optimization of portable power banks using the innovative hybrid energy harvesting system

has shown promising outcomesin termsof efficient energy generation. The system was tested and

evaluated under various conditions, considering the utilization of solar panels, hand crank
generators, piezo sheets, piezo buzzers, batteries, charge controllers, and the overall performance
of the system. The following are the key results obtained:

1. Energy Generation Efficiency: The hybrid energy harvesting system demonstrated enhanced
energygeneration efficiency comparedto traditional powerbanks.Theintegration of multiple
energy sources, such as solar panels, hand crank generators, and piezo sheets, enabled
continuous energy generation in diverse environmental conditions. The system efficiently
harnessed solar radiation, mechanical vibrations, and manual power generation to maximize
energy output.

2. OptimalPowerUtilization: Thechargecontrollerplayedacrucialroleinoptimizingthepower
utilizationofthesystem.Itefficientlyregulatedthechargingprocessofthebattery,preventing
overcharging and undercharging. This ensured the effective storage and utilization of the
harvested energy, improving the overall performance and reliability of the power bank.

3. VersatileChargingOptions: Theinclusionofvariousenergyharvestingsourcesprovidedusers  with
versatile charging options. The solar panel enabled charging during daylight hours, making it
ideal for outdoor usage. The hand crank generator offered a manual charging alternative,
especially in emergencies or low-light conditions. The piezo sheets converted
mechanicalvibrationsintoelectricalenergy,enablingchargingfromambientvibrations. These
diverse charging options provided flexibility and convenience to users.

4. Enhanced Portability: The optimization of the power bank system focused on maintaining a
compact and portable design. The integration of the hybrid energy harvesting system did not
significantly increase the size or weight of the power bank, ensuring its usability on the go.
This enhanced portability made the power bank suitable for various outdoor activities, travel,
and emergency situations.

5. Reliable Power Supply: The combination of the battery and charge controller ensured a
reliable powersupply.Thebatterystored theharvestedenergyandprovideda stable sourceof
power for charging devices. The charge controller monitored and controlled the charging
process, protecting thebatteryfromovercharging ordamage. This resulted in a consistent and
reliable power output, meeting the requirements of portable devices.

The results obtained from theoptimization of the portable power bank using the innovative hybrid
energy harvesting system demonstrate its effectiveness in efficient energy generation, optimal
power utilization, versatile charging options, enhanced portability, and reliable power supply.
These outcomes highlight the potential of the proposed system to address the limitations of
traditionalpowerbanksandprovideaninnovativesolutionforefficientportableenergygeneration.

TABLEL RESULTS
Energy Power Charein Portability PowerSupply
TestCondition Generation Utilization Opt l:i " sg Rating(out Reliability(out
Efficiency(%) Efficiency(%) P of 5) of 5)
Test1:SolarPane 35 9% SolarCharging 4 4
1 Only
Test2:Hand ManualCharging
Crank 70 80 Only 4 3
Test3:PiezoShee AmbientVibration
ts 60 & ChargingOnly 4 3
Test4:HybridSyst| 05 05 Solar,HandCrank,Pi 4 4
em ezoCharging

The energy generation efficiency and power utilization efficiency are presented as percentages.
Theportabilityratingandpowersupplyreliabilityaresubjectiveratingsona scaleofl to5, withS being

the highest.

Conclusion:

In conclusion, this paper presents a novel hybrid energy harvesting system for
portablepowerbanks,addressingthelimitationsoftraditionalpowersources.Bycombiningmultiple
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energy harvesting technologies and incorporating advanced power management algorithms, the
proposed system offers efficient energy generation and extended operating times. This research
contributes to the advancement ofportablepowerbanktechnology, enablingusersto have reliable and
sustainable power sources for their on-the-go charging needs.
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