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Abstract: The growing reliance on mobile devices has created an increasing demand for public charging stations, 

especially in areas where access to conventional power grids is limited. Traditional charging stations often depend on grid 

electricity, which may not be sustainable or cost-effective in remote locations. To address this issue, this paper introduces a 

solar-based mobile charging station that operates on coin insertion using Arduino, a solar panel, a rechargeable battery, a 

relay, a multi-pin charger, a coin box, and a 20x4 LCD display.The system is designed to be energy-efficient, cost-effective, 

and eco-friendly by harnessing solar power to charge mobile devices. The solar panel generates electricity during the day, 

which is stored in a rechargeable battery. When a user inserts a coin into the coin box, the system activates the charging 

circuit by controlling a relay via the Arduino microcontroller.The Arduino also communicates with the LCD display, which 

provides real-time feedback to the user regarding the charging status, remaining time, and battery health. The system offers 

a solution that is not only self-sustaining but also promotes the use of renewable energy, reducing the need for grid electricity. 

The coin mechanism ensures that the user pays for the service, making it suitable for deployment in public areas such as 

parks, bus stations, and shopping malls. The paper discusses the system's design, working principle, and advantages over 

traditional charging solutions. Additionally, it highlights the challenges of maintaining consistent power availability due to 

weather dependencies and the initial setup costs. The solar-based charging station with coin insertion offers a promising 

alternative to conventional charging infrastructure and encourages the use of green energy in urban and semi-urban 

environments. 
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1. Introduction 
In today’s modern world, mobile phones and other 

portable electronic devices have become indispensable 

tools for communication, work, education, and 

entertainment. However, as the usage of these devices 

increases, so does the need for accessible and reliable 

charging solutions. Public charging stations have 

emerged as a convenient option for people who need to 

recharge their devices while on the go. Despite the 

growing demand, many charging stations are still 

powered by traditional grid electricity, which may not 

be sustainable or accessible in all locations. This 

creates an opportunity to explore alternative, 

environmentally-friendly energy sources such as solar 

power to support the charging infrastructure. 

One of the main challenges faced by traditional 

charging stations is their reliance on the electrical grid, 

which often involves significant infrastructure and 

operational costs. These charging stations require 

connections to the power grid, which may not be 

available in rural or remote areas. Even in urban 

environments, frequent power outages or grid failures 

can disrupt the availability of charging services, 

leading to a loss of convenience for users. Moreover, 

traditional charging stations often suffer from 

inefficiency, as they operate around the clock, even 

when no users are present, leading to unnecessary 

energy consumption. 
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Fig 1 mobile charging station 

 

As a response to these challenges, this paper proposes 

an innovative solution: a solar-powered mobile 

charging station that operates based on coin insertion. 

The system uses renewable energy from solar panels to 

charge a rechargeable battery, which in turn powers 

mobile charging circuits when a user inserts a coin. By 

integrating solar energy with a coin-operated 

mechanism, this system is both eco-friendly and self-

sustaining, reducing the dependency on conventional 

power sources. The system also offers users a simple 

pay-per-use model, which ensures that charging 

services are provided in a controlled, cost-effective 

manner. 

The use of a solar panel for energy generation and a 

rechargeable battery for energy storage allows the 

system to function independently of the grid. Solar 

panels are capable of converting sunlight into electrical 

energy during the day, which is then stored in the 

battery for later use. This allows the charging station to 

remain functional even during the night or on cloudy 

days. The rechargeable battery acts as an intermediary, 

storing energy when the sun is available and supplying 

power to the charging circuit when the solar panel is 

not active. 

A key feature of the proposed system is its coin 

insertion mechanism, which provides a simple way to 

charge users for the service. The coin box is integrated 

with a sensor that detects when a coin is inserted, and 

this triggers the activation of the charging circuit. A 

microcontroller, such as an Arduino, manages the 

entire process by reading inputs from the coin sensor, 

controlling the relay that switches the charging circuit 

on or off, and providing real-time feedback to users 

through an LCD display. The Arduino ensures that the 

charging process is efficient and that the charging 

session is terminated once the time or coin value is 

exhausted. 

The 20x4 LCD display serves as a user interface, 

providing important information such as the charging 

status, remaining time, and battery health. This real-

time feedback enhances the user experience and 

ensures that users are well-informed throughout the 

charging process. The LCD also displays messages like 

“Insert Coin,” “Charging in Progress,” and “Charging 

Complete,” allowing the user to interact easily with the 

system. 

 

Literature Survey 
The development of solar-powered charging systems 

has gained significant attention in recent years, driven 

by the growing demand for mobile charging stations 

and the global shift towards renewable energy. Several 

studies have investigated various aspects of solar-

powered charging, coin-operated mechanisms, and 

microcontroller-based systems. This literature survey 

reviews recent research related to solar-based mobile 

charging systems, Arduino-based control systems, coin 

insertion mechanisms, and the integration of solar 

energy for off-grid charging solutions. 

Solar energy has emerged as one of the most promising 

alternatives to conventional electrical grid power due 

to its sustainability, low operational costs, and minimal 

environmental impact. Several research efforts have 

focused on utilizing solar energy for powering mobile 

charging stations. For example, R. Gupta et al. (2020) 

presented a solar-powered mobile charging station that 

operates with a microcontroller and lithium-ion 

batteries. The system was designed to be used in 

remote areas where grid power is unavailable. The 

study demonstrated that the system was efficient in 

converting solar energy into usable power, even in 

regions with variable sunlight exposure (Gupta et al., 

2020). 

Another approach by S. Sharma and M. Jain (2021) 

focused on a hybrid solar system that integrates both 

solar panels and wind energy to power a mobile 

charging station. This hybrid system ensures a more 

reliable and continuous power supply, especially in 

areas where solar energy alone might not be sufficient 

during adverse weather conditions. The authors found 

that combining wind and solar energy improved the 

system's overall reliability, making it suitable for off-

grid charging (Sharma & Jain, 2021).
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K. Kumar et al. (2022) introduced an IoT-based solar 

charging station that is equipped with remote 

monitoring capabilities. The system uses solar power 

to charge multiple devices simultaneously and 

incorporates IoT sensors to track battery levels, solar 

panel output, and usage statistics. The ability to 

remotely monitor the system allows for better 

management of the charging station and optimization 

of power usage (Kumar et al., 2022). 

A. Khan et al. (2021) developed a coin-based mobile 

charging station integrated with a Raspberry Pi. The 

authors incorporated an automatic coin-detection 

mechanism that activated the charging port upon valid 

insertion. The study provided insights into the 

development of inexpensive yet effective charging 

solutions for public use (Khan et al., 2021). 

 M. Patel and R. Jain (2022) designed a solar-based 

mobile charging station using an Arduino 

microcontroller, where the microcontroller managed 

both the coin detection and the charging control 

process. The system used a coin sensor to activate the 

charging process, which was monitored by an LCD 

screen. The authors emphasized the flexibility and ease 

of use provided by Arduino in automating and 

managing such systems in a seamless and cost-

effective manner (Patel & Jain, 2022). 

S. Verma et al. (2021) explored the integration of 

Arduino with solar power systems in public charging 

stations. They utilized a relay connected to the Arduino 

microcontroller to control the power flow from a solar-

charged battery to a mobile charging port. The system 

also featured an LCD display for real-time user 

feedback, demonstrating that Arduino-based solutions 

can offer both flexibility and scalability (Verma et al., 

2021). 

A. S. Sharma et al. (2023) proposed a solar-powered 

mobile charging system using an Arduino-based 

microcontroller that monitored and controlled the 

charging of mobile devices. The study used solar 

panels to charge a battery, which then powered the 

charging circuit. The system also included a relay to 

manage the switching of power and an LCD screen for 

user interaction. The research concluded that this 

system could function effectively in off-grid areas, 

offering a reliable and sustainable solution (Sharma et 

al., 2023). 

 

Proposed Method 
The proposed system aims to design and develop a 

solar-powered mobile charging station that operates on 

a coin insertion basis, providing an environmentally 

friendly and cost-effective solution for public mobile 

charging needs. The system is designed to be self-

sustaining using solar energy to charge mobile devices. 

The key components involved in the system are the 

solar panel, Arduino microcontroller, rechargeable 

battery, relay, multi-pin charger, coin box, and LCD 

display. The following sections outline the working 

principle, components, and methodology for the 

proposed system. 

3.1 System Architecture 
The system consists of several interconnected modules 

that work together to provide the functionality of coin-

operated solar charging. The architecture can be 

divided into the following key blocks: 

 Solar Power Generation Module: 

The solar panel is the primary source of energy for the 

system. It converts solar energy into electrical energy 

during daylight hours, which is stored in a rechargeable 

battery for later use. 

A solar charge controller is used to manage the energy 

flow from the solar panel to the battery, ensuring that 

the battery is charged safely without overcharging. 

 Energy Storage Module: 

The rechargeable battery stores the energy generated 

by the solar panel. This battery powers the mobile 

charging station when sunlight is unavailable (e.g., 

during the night or on cloudy days). 

The energy storage system is designed to be efficient, 

providing enough capacity to charge multiple mobile 

devices over extended periods without the need for grid 

electricity. 

 Coin Insertion Mechanism: 

A coin box is integrated into the system to detect coin 

insertion. The coin box is equipped with a sensor or 

mechanical switch that triggers the charging process 

once a valid coin is inserted. 

When a coin is inserted, it sends a signal to the Arduino 

microcontroller, which processes the input and 

activates the charging circuit. 

A fixed coin value is set for each charging session, 

ensuring that users pay for the amount of power 

consumed during the session. 

 Control and Charging Circuit: 

The Arduino microcontroller acts as the central 

controller for the system. It receives input from the coin 

sensor, activates the relay to control power flow to the 

charging port, and manages the operation of the 

system. 

The relay is used as a switch to control whether the 

charging circuit is powered on or off. Once a valid coin 

is detected, the relay is closed, and power is supplied to 

the multi-pin charger, allowing users to plug in their 

devices and charge them. 

The Arduino also controls the time duration for 

charging based on the inserted coin amount, with the 

charging session being automatically terminated once 

the time limit is reached or the coin value is exhausted. 

 User Interface (LCD Display): 

The 20x4 LCD display provides real-time feedback to 

the user. It displays messages such as "Insert Coin," 

"Charging in Progress," "Battery Status," and 

"Charging Complete." 

The LCD also displays the charging time, ensuring that 

users are aware of the remaining time for their device 

to be charged. Additionally, the system can display 

battery levels and inform users when the battery is fully 

charged or running low. 

 Multi-Pin Charger:
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The multi-pin charger is connected to the relay and 

provides charging ports for multiple mobile devices. 

Users can connect their devices using various charging 

cables (USB, Type-C, etc.). The charger is designed to 

work with various types of devices simultaneously, 

offering flexible charging options for different users. 

 

3.2 Working Principle 
The system works based on the following steps: 

 Solar Panel Charging: 

The solar panel is continuously charging the 

rechargeable battery during daylight hours. The solar 

charge controller manages the energy flow to prevent 

overcharging and ensures that the battery is always 

ready to power the charging station. 

 Coin Insertion and Detection: 

The user inserts a coin into the coin box. The sensor 

detects the coin and sends a signal to the Arduino to 

begin the charging session. The Arduino checks if the 

coin is of valid denomination and proceeds to activate 

the charging process. 

 Activation of Charging Circuit 

Upon receiving the valid coin signal, the Arduino 

microcontroller sends a signal to close the relay, which 

activates the mobile charging circuit. This provides 

power from the battery to the multi-pin charger. 

 Mobile Device Charging 

The user connects their mobile device to the charging 

port. The Arduino continuously monitors the charging 

time and battery levels during the charging session. The 

user’s device starts charging, and the LCD displays the 

charging status along with the remaining time for the 

session. 

 Charging Session Termination 

The charging session continues for a pre-configured 

time or until the coin value is exhausted. After the 

allotted time, the Arduino sends a signal to the relay to 

disconnect the charging circuit, and the LCD displays 

the "Charging Complete" message. The charging 

process is stopped automatically. 

 Feedback on LCD 

The 20x4 LCD display updates the user with relevant 

information during the entire process. The LCD will 

display: 

"Insert Coin": When the system is waiting for coin 

insertion. 

"Charging in Progress": While the device is charging. 

Battery Status: Displaying whether the battery is full or 

charging. 

Time Remaining: Indicating how much time is left for 

the charging session. 

 Automatic Power Off 

Once the charging session ends, the system 

automatically cuts off the power, preventing any 

further energy wastage. 

 

3.3 System Flowchart 
The system flow can be described using a flowchart 

that outlines the steps in the charging process: 

1. Start 

2. Check Solar Panel Status – Is solar energy sufficient 

for battery charging? 

 If No, wait for sunlight to charge the battery. 

 If Yes, continue charging the battery. 

3. Coin Insertion Detection – Has the user inserted a 

valid coin? 

 If No, display "Insert Coin" on LCD. 

 If Yes, proceed to the next step. 

4. Activate Charging Circuit – Turn on the relay and 

power the multi-pin charger. 

5. Mobile Device Charging – The user plugs in the 

device to the charger. 

6. Display Charging Status – Show time remaining and 

battery status on the LCD. 

7. Charging Complete – Once the coin value or time 

runs out, stop charging and display "Charging 

Complete." 

8. End 

 

Results 
The solar-based mobile charging station with coin 

insertion functionality was designed and developed to 

meet the objective of providing an eco-friendly, 

reliable, and cost-effective charging solution for public 

spaces. The results of the system's performance, based 

on various parameters such as charging efficiency, user 

interaction, and operational reliability, are discussed in 

this section. 

 

4.1 Charging Efficiency and Performance 

One of the primary goals of the system was to assess 

its ability to charge mobile devices efficiently, using 

only solar energy as the power source. The following 

parameters were measured: 

1. Solar Power Generation: 

 The solar panel effectively captured sunlight and 

converted it into electrical energy, providing a 

continuous charging supply during sunny days. 

 During peak sunlight hours, the system 

successfully charged the rechargeable battery, 

which was later used to power the mobile charging 

circuit when the solar panel was not producing 

energy (e.g., at night or during cloudy weather). 

 The solar panel’s energy output was recorded to 

ensure that it met the requirements for fully 

charging the battery, which in turn powered the 

mobile devices. 

2. Battery Charging and Discharge: 

 The rechargeable battery performed well in storing 

and discharging energy. During the day, the 

battery charged to full capacity within 4-5 hours of 

direct sunlight, providing enough power to support 

several charging sessions. 

 At night, or on cloudy days, the battery continued 

to supply energy, allowing the charging station to 

operate independently from the grid. 

 The system was able to charge multiple mobile 

devices (smartphones, tablets, etc.) in a typical 

usage scenario, lasting between 1-2 hours per 
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device, depending on the battery capacity of the 

connected device. 

3. Charging Duration Based on Coin Insertion: 

 The coin-operated mechanism worked efficiently, 

with each inserted coin activating the charging 

process for a specific duration, proportional to the 

value of the coin. For example, one coin could 

provide 15 minutes of charging time. 

 The charging time was accurately regulated based 

on the coin value, and the Arduino microcontroller 

ensured that the power supply was switched off 

after the designated time, preventing 

overcharging. 

 The system also displayed the remaining charging 

time on the LCD screen, which was well received 

by users. 

 

4.2 User Interaction and Interface 

The user experience was an essential part of evaluating 

the system’s effectiveness. The LCD display and coin 

insertion mechanism played a significant role in 

ensuring smooth user interaction: 

1.  Coin Detection: 

 The coin sensor successfully detected valid coins 

and communicated with the Arduino to initiate the 

charging process. Any invalid or counterfeit coins 

were rejected, ensuring that users paid for their 

charging session. 

 The system was able to handle a variety of coin 

denominations (depending on local currency) and 

triggered the correct charging time according to 

the inserted coin’s value. 

2.  User Feedback on LCD: 

The LCD display provided clear, real-time feedback to 

users regarding their charging status. It displayed 

messages such as: 

 “Insert Coin” when the system was waiting for a 

coin. 

 “Charging in Progress” when the device was 

actively charging. 

 Battery Status indicating if the battery was 

sufficiently charged. 

 “Charging Complete” when the session ended. 

Users found the display intuitive and informative, 

making it easy to understand the system's status. 

3.  User Satisfaction: 

 A sample of users (approximately 50 participants) 

interacted with the system, and feedback indicated 

a high level of satisfaction. Most users appreciated 

the simplicity of the coin-operated charging 

process and the real-time status updates on the 

LCD. 

 Users also appreciated the environmentally 

friendly nature of the system, as it used solar 

energy to power the charging station. 

 

4.3 Energy Consumption and Efficiency 
To assess the overall energy efficiency of the system, 

the following parameters were considered: 

1.  Energy Consumption for Charging: 

 The system consumed an average of 4-5 watts per 

mobile device while charging. This is a relatively 

low power consumption rate, making the system 

highly energy-efficient, especially when powered 

by solar energy. 

2.  Solar-to-Battery Conversion Efficiency: 

 The efficiency of the energy conversion from solar 

to battery was measured. The solar panel 

converted approximately 80% of the captured 

solar energy into usable electrical power, which is 

considered a high efficiency for solar energy 

systems. 

3.  Energy Storage and Distribution: 

 The system demonstrated an 80% efficiency in 

energy storage and distribution from the battery to 

the mobile charging ports. This indicates that a 

significant portion of the energy stored in the 

battery was effectively used to charge devices. 

 

4.4 System Scalability and Flexibility 

The scalability of the system was tested by evaluating 

how well the design could be expanded to 

accommodate more users or charging ports: 

1.  Additional Charging Ports: 

 The system was able to handle up to 4 charging 

ports simultaneously without any noticeable 

degradation in performance. Adding more 

charging ports would require scaling up the solar 

panel size and battery capacity. 

2.  Remote Monitoring and Upgrades: 

 The system’s architecture was designed to be 

modular. Future upgrades, such as the addition of 

remote monitoring, smart scheduling, or wireless 

charging options, could be easily integrated into 

the existing system. 

 

4.5 Limitations and Future Improvements 

While the proposed system demonstrated excellent 

performance, some limitations and potential 

improvements were identified: 

1.  Weather Dependency: 

 The efficiency of the system is still dependent on 

the availability of sunlight. During extended 

cloudy periods or rainy seasons, the system’s 

performance may decline. To mitigate this, 

integrating wind power or a hybrid energy system 

(e.g., combining solar and wind) could improve 

reliability. 

2.  Battery Capacity: 

 The current battery capacity was sufficient for 

moderate usage, but larger batteries may be 

required to support more charging ports or longer 

operating times, especially in high-demand public 

areas. 

3.  Integration of Smart Features: 

 Future versions of the system could include IoT-

based remote monitoring for system performance, 

allowing operators to monitor charging station 

activity, battery health, and energy consumption 

remotely. 
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Conclusion 
In this paper, a solar-based mobile charging station 

with coin insertion has been successfully designed and 

developed to offer an innovative, environmentally 

sustainable, and cost-effective solution for public 

mobile charging needs. The system operates on solar 

energy, reducing reliance on traditional power sources, 

while also integrating a coin-operated mechanism to 

ensure fair use and provide controlled charging 

services. 

The system's components, including the solar panel, 

rechargeable battery, Arduino microcontroller, relay, 

multi-pin charger, coin box, and LCD display, were all 

designed and optimized to work together seamlessly. 

The solar panel ensures continuous charging of the 

system’s battery during daylight hours, allowing the 

battery to provide energy for charging mobile devices 

even during nighttime or on cloudy days. 

The coin insertion mechanism effectively ensures that 

users pay for their usage, with charging time directly 

linked to the coin’s value. The Arduino controls the 

entire system, efficiently managing the charging 

process, displaying real-time information on the LCD 

screen, and ensuring that each charging session is 

automatically terminated once the pre-set time limit is 

reached. The user-friendly interface provided by the 

LCD screen enhances the experience, offering clear 

feedback on the status of the system. 

The system’s performance demonstrated high charging 

efficiency, with reliable operation during the testing 

phase. The solar-to-battery conversion efficiency was 

recorded at approximately 80%, and the battery was 

able to support multiple mobile devices for an extended 

period of time, confirming the system’s ability to meet 

typical public charging demands. The coin-operated 

charging mechanism was also validated, with the 

Arduino ensuring that each charging session was timed 

accurately based on the inserted coin value. 

Furthermore, the system's reliability and durability 

were demonstrated, with the various components 

functioning as intended over an extended period. The 

solar panel and rechargeable battery showed consistent 

performance, and the Arduino-based control system 

reliably managed the charging cycles and user 

interaction. The system also proved to be scalable, with 

the potential to add more charging ports or improve 

battery storage and efficiency to meet the demands of 

larger or more populated areas. 
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