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ABSTRACT 

This study details the design and execution of a solar-powered wireless power transfer system specifically designed for small 

household appliances. The system utilises solar energy as a sustainable power source and implements wireless power transfer 

technology to offer a convenient and effective alternative for powering low-power gadgets in a domestic setting. The 

emphasis is on resolving critical technical issues and enhancing system performance to provide a dependable power supply 

to various small appliances, such as smart home gadgets, IoT sensors, and portable electronics. The system provides 

flexibility, scalability, and environmental sustainability through an integration of solar panels, power electronics, and 

wireless communication modules, thereby promoting sustainable energy practices and improving user ease.  The radiative 

approach was employed, dividing the system into segments, including receiving and transmitting modules. These modules 

consist of passive and active elements, including resistors, capacitors, and inductors of diverse values. The system consists 

of copper coils measuring L=0.5 m, a rectification circuit, a voltage regulator, an ESP8266 Wi-Fi module controller, a DC-

to-DC converter (LM2596) with a maximum output of 28 V DC and 2 A current, and an INA219 current sensor module with 

OLED units that display the system's activities and status. The system exhibited an optimal efficiency of 80%–95%, 

delivering an output power of 10 W, sufficient to charge various tiny devices, including phones, MP3 players, cameras, and 

other little household appliances with input power requirements between 3 and 9.5 W. The transmitter and receiver operate 

at a range of 2m to 5m, while the output current and voltage at the receiving end vary from 2V to 5V and 1.8A to 4A, 

respectively. Experimental validation and performance analysis demonstrate the feasibility and effectiveness of the 

constructed solar-based wireless power transfer system, highlighting its potential for practical implementation in modern 

households. 
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INTRODUCTION 

Nowadays, solar power is one of the most important 

renewable energy sources for complementing batteries in 

portable and autonomous devices. Energy from the sun can 

be generated through passive solar design, hot water 

systems, solar space heating, and electrical generation. It is 

a renewable energy source that does not contribute to 

greenhouse gases. Many applications have developed using 

this energy, such as satellite systems, emergency telephones, 

remote sensors, sun-powered radios, and space vehicles. 

There are many types of solar energy systems, and 

photovoltaic solar is the most common one. A photovoltaic 

solar panel typically converts solar radiation energy into 

Direct current electricity using a semiconductor device that 

generates electricity when exposed to light. The photovoltaic 

effect refers to photons of light exciting electrons into a 

higher state of energy that allows them to act as charge 

carriers for an electric current (Izzul et al., 2013).   
 

Wireless power transfer (WPT) is the transmission of 

electrical power without wires through various methods and 

technologies using time-varying electric, magnetic, or 

electromagnetic fields (Figs. 1 and 2). The development of 

various technologies for wireless power transfer is being 

taken up widely across the power electronics domains. Some 

applications include microwaves, solar cells, lasers, and 

electromagnetic waves’ resonance in wireless power 

transfer. With wireless power transfer, the electrical devices 

are continuously charged without the use of a power cord. 

The three wireless power transfer system types are 

microwaves, resonance, and solar cells. From the power 

source to a receiver in an electrical device or gadget, 

microwaves can be used to send electromagnetic radiation. 

The resonance method can be applied at certain frequencies 

to cause an object to oscillate with electromagnetic radiation. 

These oscillations can be used to transfer energy between 

two oscillating sources (Himanshu, 2021; Akankpo et 

al.,2022). 
 

The proliferation of mobile phones, portable and wearable 

electronic devices, and shifts in human lifestyles are all 

contributing factors. The need for wireless power transfer 

technology grows to eliminate the inconvenience of using 

power cables. Wireless power transfer has a wide range of 

applications, including (arranged from low to high power 

levels) radio frequency (RFID), internet of things (IoT), 

implantable medical devices and water level testing, and also 

wireless chargers for portable/wearable devices and electric 

vehicles (EVs). The utilisation of WPT technologies is on 

the verge of experiential growth (Lu, 2016). 

 
Figure 1.0: Typical Schematic of WPT 

 

 
Figure 2.0: Solar Power System 
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Principle of IWPT 

The fundamental ideas of Wireless Power Transfer are based 

on Ampere's and Faraday's laws. A basic representation of 

WPT is shown in Figure 3.0, which demonstrates how 

Ampere's Law dictates that a conductor creates a magnetic 

field (H) around it. According to Faraday's Law, this 

magnetic field connects the primary and secondary 

conductors and causes a voltage (v) to be induced in the 

secondary conductor. Ampere's Law states that the current 

flowing through a coil equals the integral of the magnetic 

field strength surrounding a closed loop, as shown by 

Equation 1.1.  
 

 H.⃗⃗  ⃗ dl⃗⃗  ⃗        1.1 

 

Equation 1.2 illustrates how Faraday's Law can be used to 

explain the voltage created in the secondary coil: 

 

V = - N2 
𝑑∅

𝑑𝑡
      1.2 

 

where N₂ denotes the electric flux and the secondary coil's 

turn count, respectively.  

 

Lenz law, which stipulates that the induced electromagnetic 

force in the primary coil opposes the direction in which the 

ensuing current in the secondary coil flows, can be used to 

indicate the negative voltage induced in the secondary coil. 

The current that results from an induced electromagnetic 

force (EMF) always have an H that is opposite to the change 

in the initial magnetic flux. 
 

 
Figure 3.0: WPT fundamentals, source (Rozman et al.. 

2017) 
 

Equation 1.3 allows for the calculation of the oscillation's 

frequency, which is as follows: 

 

   fo =
𝑤𝑜

2π
      1.3 

 

𝑤𝑜, which stands for angular frequency, may be expressed 

as follows using Equation 1.4: 

Wo = 
1

√LC
                                                                        1.4 

 

 
 

Figure 4.0: Series-connected LC circuit with parasitic 

resistance R, source: Rozman et al. (2017) 
 

The quality of the circuit's components influences the quality 

factor (Q), which controls how much the mathematical 

expression of Q is as follows (Adeniran & Akankpo, 2020) 

 

𝑄 =
2π (maximum energy stored during single cycle)

Energy dissipated during single cycle
      1.5 

 

Consequently, the Q for the RLC circuit can be expressed as 

follows using Equation 1.6: 

Q = √
L I

C R
  =  

W0L

R
                                                               1.6 

This suggests that as resistance R decreases, Q rises and vice 

versa 
 

Coupling Factor and Mutual Inductance  

Equation 1.7 provides a way to determine k as follows: 

 

K =
M12

√L1L2

                                                                             1.7 

 

In this context, Lt and L_r represent the inductances of the 

transmitter and receiver coils, respectively, while M denotes 

the mutual inductance between these two coils. Equation 1.8 

illustrates the mutual inductance between the two coils: 

M12 = 
N2∅12

I1
                                                                       1.8 

Where I1 is the primary coil's current, ∅12 is the electrical 

flux traveling from the primary coil to the secondary coil l, 

and N2 It is the number of windings in the second loop. 

Equation 1.9 provides the following method for calculating 

the self-inductances of coils, L1 and L2: 

Lx =  No  Nr Nx
2 A

l
                                             1.9 

 

where l is the coil's length in meters, and A is the cross-

sectional area bounded by the inductor in square meters (m²).  

 

 
 

Figure 5.0: Coupling factor between 2 coils, source: 

Rozman et al,. (2017) 
 

MATERIALS AND METHOD 

Wireless power transfer systems encompass various 

methods, broadly classified into non-radiative and radiative. 

In this research, the radiative approach was employed, albeit 

with slight modifications to accommodate mobile devices 

lacking built-in wireless power support. This method 

involves designing and constructing two distinct units: a 

transmitter responsible for generating and storing the 

required voltage and a receiver, acting as the power source, 

which distributes the received power to the intended devices. 

In conventional wireless power systems, the choice between 
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non-radiative and radiative techniques typically hinges on 

the supported features of the devices involved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.0: Transmitter and Receiver block diagram for 

solar smart Wireless power system, source 

 

  

 
 

Figure 7.0: Transmitter schematic diagram for solar smart wireless power system, Source: Research fieldwork (2023) 

 

                         
Figure 8.0: Receiver schematic diagram for solar smart Wireless power system, source  
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Figure 9.0: Layout diagram of a smart irrigation system. Source 

 

 

i. Transmitter module: The transmitter module consists of 

different units that work together to supply the required 

power at a certain frequency wirelessly to the receiver, and 

the constituents of the transmitter module are discussed 

below: 

a. Power Source: A high-frequency alternating current (AC) 

power source with a DC to DC converter, which is 

obtained from a solar power system. The AC to DC 

converter is employed to convert the input power from the 

mains, while the DC energy source is supplied from the 

solar system to the required frequency for wireless power 

transmission. 

b. Solar System: the solar system is made up of a 20-kW 

solar panel system along with a charge-controlling system 

that regulates the charging level of the battery given in 

Equation 2.0. 

Ptotal = 
Pload

Efficiency 
                                                         2.0 

 

Inductance Coil 

The inductance of the circular coil is given as shown by 

Equation 2.1: 

L =
μoN2A

l
                                                                          2.1 

 
 

Figure 10.0: Circular coil, source 

 

The equation provides the fundamental understanding of the 

inductance of a circular coil, which is the analysis of wireless 

power transfer. 

 

ESP8266 WIFI Module  

Figure 11.0 illustrates that the ESP8266 is a budget-friendly 

Wi-Fi controller board renowned for its versatility in crafting 

Wi-Fi-centric electronics projects. As an open-source 

platform, it enables the development of a wide array of Wi-

Fi-enabled devices. Espressif Systems' microprocessor, the 

ESP8266, provides a low-cost option with a full TCP/IP 

stack and microcontroller functionality. These chips 

transform the Internet of Things (IoT) space by enabling 

developers to create efficient and reasonably priced linked 

devices for a wide range of uses. 

 

 
 

Figure 11.0: ESP8266 WIFI controller board, source 

 

Software and Programming  

Figure 12.0 shows a screenshot of the application that was 

used in the development of the ESP8266 controller 

Firmware code. Here, the Arduino integrated development 

environment IDE was used in writing the required firmware 

for the ESP module. These libraries contain the core 

initialisation functions for the ESP8266 module. The 

controller's digital pins were initialised and declared as 

outputs. to upload the firmware program into the module, an 

FTDI programmer was used.  

 

 

Figure 12.0: Arduino integrated development environment, 

Source 
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LM2596 DC to DC Step-Up Boost Converter Module  

For DC-to-DC conversion jobs, the LM2596 step-up booster 

converter module proves to be a cost-effective and small 

option. Designed to effectively increase DC voltage from 2 

V to 28 V DC at its highest point, it can handle up to 2 A of 

output current.  

 

 
 

Figure 13.0: LM2596 DC To DC step-up boost converter, 

source 

INA219 

The CJMCU-219 is a current sensor module that uses the 

INA219 chip and connects through the I2C interface, 

allowing it to measure current and power without any drift. 

Simultaneously detecting shunt voltage, current, and power, 

it communicates data via the I2C protocol. Equipped with a 

0.1 Ohm, 1% shunt resistor, it meets current measurement 

standards. Its robust 12-bit ADC efficiently converts current, 

facilitated by a precision amplifier. With a current sensing 

range of ±3.2 A and a resolution of 0.8 mA, it ensures 

accurate readings for diverse applications. 

 
Figure 14.0: Current sensor module, source 

 

OLED (Organic Light-Emitting Diode) Displays 

An OLED (Organic Light-Emitting Diode) display stands 

out since it doesn't require a backlight because it emits light 

on its own. High contrast, a very broad viewing angle, and 

the capacity to display deep black levels are just a few 

benefits of this special feature.  

 

 

Figure 15.0: OLED, source 

 

Circuit Description/Implementation 

Figure 8.0 illustrates the schematic diagram of the 

transmitter section within the solar smart wireless power 

system. The project scope encompasses two distinct 

sections: the transmitter and the receiver, as outlined in the 

block diagrams of Figures 7.0 and 8.0, respectively. At the 

system's core lie two crucial modules: the TP4056 battery 

charging module and the LM2596 DC-to-DC step-up 

converter module. Power for the wireless power module is 

sourced from the solar panel or any external DC power 

supply system, provided it does not exceed 5V, via the 

battery charging module. Upon receiving power, the 

charging module regulates the incoming DC from the solar 

panel or external supply to generate a +5V DC source. This 

is achieved through the utilisation of its onboard voltage 

regulator and other circuit components within the module. 

 

Description  

Power is normally transferred via a transmitter coil in 

conventional wireless systems, which causes a voltage to be 

induced in the device's reception coil. However, a more 

straightforward and economical method is chosen for this 

project because the majority of mobile devices do not 

support this technology. Power transfer from the 

transmitting coil to the receiving coil is made possible by the 

inductive technique used in the solar smart wireless power 

system that is being discussed. This system comprises a 

transmitter and a receiver, both equipped with solar panels 

and built-in lithium-ion batteries to serve as backups during 

periods of insufficient sunlight. Designed to be entirely 

cordless, the system eliminates the need for a power cord, 

delivering power wirelessly to connected devices, as 

illustrated in Figure 3.2.  To initiate power generation for 

connected devices, the transmitter coil is positioned near the 

receiver coil. The receiver unit is equipped with a power-

receiving coil, a DC-to-DC converter, and a step-up DC-to-

DC converter, complete with a regulator to ensure the 

production of the necessary DC voltage output (5V at 1A) 

required by mobile devices. The transmitted voltage is then 

delivered to the receiver, facilitating the transfer of power 

needed to power the mobile devices. The controlled DC 

output from the battery module goes to an LM2596 DC-to-

DC step-up converter module to increase the voltage. This 

ensures a dependable DC output capable of powering the 

transmitting coil. Subsequently, the transmitter coil emits a 

signal, scanning for a compatible receiver coil, such as the 

one employed in the receiver section of this project. Upon 

detecting a receiver coil, electromagnetic induction 

commences. The electrons within the transmitter coil begin 

circulating, generating a magnetic field. The electrons within 

the receiver coil sense this magnetic field and initiate 

circulation. This electron flow within the receiver coil 

represents the electricity the receiver receives, which is 

utilized to power the connected device. 

 

To indicate system functionality and charging status, an 

LED is integrated into the circuit, illuminating to signify that 

the system is powered on and actively charging the battery. 
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Figure depicts the schematic diagram of the solar smart 

wireless power system within the receiver circuit. Radiated 

energy from the transmitting coil (primary) is wirelessly 

coupled to the receiver via the receiving coil (secondary). 

Within the wireless receiver power module, a step-up DC-

to-DC full-wave bridge rectifier is employed to convert the 

incoming DC voltage to a regulated DC value suitable for 

powering the remaining circuit components. It's worth 

noting that the output voltage may deviate from the normal 

turn ratio and exceed the input voltage. This deviation occurs 

due to ringing on the outgoing wave, which is attenuated on 

the secondary side, resulting in a voltage increase. This 

phenomenon is usually harmless, but it should be monitored 

to avoid exceeding the input limit of most voltage regulators. 

A snubber capacitor, labeled C3 and valued at 0.1 µF, is 

situated between the outputs of the receiving coil (secondary 

coil) to mitigate inductive kickback. Additionally, capacitors 

C1 and C2 are incorporated to aid in decoupling or filtering 

spikes in the voltage regulator circuit. The cleaned-up DC 

output from the DC-to-DC converter module is then adjusted 

to 5V DC using a Low Dropout (LDO) voltage regulator, 

which is the LM317 type. To make sure the device being 

charged works smoothly and to stop any unwanted signals 

from causing problems, the output from the voltage regulator 

is smoothed out with capacitor C4. Utilising the LDO 

voltage regulator version is pivotal as it provides a constant 

current and voltage source akin to USB output standards. 

Finally, the output from the voltage regulator is linked to the 

circuit to power essential components such as the 

microcontroller, LCD, and current sensor. Another output 

from the DC-to-DC converter module is then directed to a 

USB port via connectors labelled 

 

RESULTS AND DISCUSSION  

 

 
Figure 16.0: Transmitters and Receiver module 

 

Blynk web dashboard and Mobile App 

To initiate monitoring and control of the solar smart wireless 

power system via the Blynk IoT Server, the first step 

involves setting up the Blynk IoT Cloud dashboard. 

 

 
 

 
Figure 17.0: Blynk cloud server environment 

 

Theoretical Analysis  

Efficiency: this quantifies the effectiveness of the wireless 

power transfer system by measuring the proportion of power 

that is successfully transmitted or received, as shown by 

Equations 2.2, 2.3, 2.4 and 2.5 respectively as follows: 
Preceived 

Ptransmitted

 x 100%                                                 2.2 

 

Transmission Range  

TR

=  √
Ptransmitted

Preceived

x
Aefficiency

Across section

                                              2.3 

Magnetic Field Strength (H) 

H

=  
NI

2πr
                                                                                          2.4 

Magnetic Flux Density (B) 

B = μoH                                                                                      2.5 

 

Voltage Regulation 

REG1, sometimes referred to as the LM317T, is a highly 

regarded 1.5A adjustable voltage regulator that is renowned 

for its adaptability in a wide range of applications. 

The voltage regulator LM317's output voltage formulas are 

outlined below: 

VOUT  =  VREF (1 + R1/R2) + (IADJ x R2)          2.6 

VOUT  =  VREF (1 + R2/R1)                                    2.7 

Quality Factor (Q) 

Q

= 2πfo
L

R
                                                                                                                    2.8 

Rectified DC Voltage 

VDC

=
VAC − Vdiode

π
                                                                                                      2.9 

DC Output voltage  

Vout = VDC + Iload x Rload                                   3.0 

 

Power Dissipated by the Regulator during Operation 

Regulating 7 volts down to 5 volts at 500 mA, the regulator 

dissipation would be as shown by Equation 3.1: 

P =  I2R      3.1 

 (7V–5V) x 0.5A = 0.8 watts. 
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Figure 18.0: Python Simulated Performance for the 

Wireless Power Transfer System 

 

 
Figure 19.0: Python Q-Optimization of Wireless Transfer 

system 
 

Operation  

Operating the system is straightforward: connect the external 

device requiring power, such as an LED light or a cell phone 

for charging. Upon powering up, the Node MCU board 

establishes an Internet connection through a local IP address, 

transitioning the system into standby mode. Subsequently, 

the LCDs all essential parameters, including voltage, 

current, and power consumption of the external device. This 

seamless process ensures that users can easily monitor and 

manage the system, facilitating efficient power delivery to 

the connected devices. 
 

CONCLUSION 

The system's perfect power output, derived from the 

multiplication of current and voltage, ensures a consistent 

delivery of intended power to receiving devices. This 

reliability ensures the uninterrupted operation of low-power 

devices, guaranteeing consistent performance without 

fluctuations. The stable current output, set at 4A, meets the 

power demands of connected small home appliances 

effectively, with a system efficiency of  70% to 85%. The 

research findings further validate the efficacy of the solar 

wireless power transfer system in transmitting power 

efficiently over distances of up to 5 meters apart.  This 

exemplary efficiency underscores the system's capability to 

effectively convert solar energy into electrical power with 

high efficiency. Furthermore, the system seamlessly 

transfers this power wirelessly, minimizing losses during 

transmission. At the receiving end, the system efficiently 

converts the transmitted power back into usable electrical 

energy with maximum efficiency. 
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