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ABSTRACT
Power crises have become a major national problem in Nigeria. There are approximately 500,000 vehicles in Nigeria that operate on battery power. Batteries are currently charged through main supply electricity. The integration of smart technologies into renewable energy systems has paved the way for innovative solutions to global energy challenges. This project explores the development of a smart prepaid-based solar power charging station. The proposed system enhances accessibility and efficiency in utilizing solar energy by integrating IoT technologies with prepaid functionalities. Solar E Technology has used state of arts technology which includes intelligent negative pulse current charger, smart card billing system and remote data management system. Key features include real-time monitoring, automated billing, and robust energy management, addressing inefficiencies in traditional systems and promoting sustainable energy use.
2

CHAPTER ONE
GENERAL INTRODUCTION
0. BACKGROUND TO THE STUDY 
Energy sustainability has become a central concern for governments, industries, and individuals worldwide. Despite advancements in renewable energy technologies, the inefficiencies in energy distribution and billing mechanisms persist, especially in developing regions. Traditional solar systems often lack robust mechanisms for monitoring usage and ensuring equitable distribution. Solar photovoltaic is an environmentally friendly option to produce electrical energy, which produces almost free energy once an initial investment is made (Swetha et al., 2022). 
Increasing power demand, diminishing fossil fuels, new load kinds, rural electrification, and electricity security are just a few of the incentives for power places to jump right into a sustainable energy adventure. The emergence of smart technologies presents an opportunity to address these challenges. By combining IoT with prepaid billing systems, energy providers can ensure efficient energy utilization, reduce wastage, and enhance user satisfaction (Kannan et al., 2025).
The growing global demand for energy and the depletion of fossil fuel resources have heightened the need for sustainable and renewable energy sources. Solar power, as an abundant and renewable resource, has emerged as a viable solution to meet energy demands sustainably. However, the adoption of solar energy faces several challenges, including inefficient energy utilization and billing inconsistencies. Solar photovoltaic panels, batteries, and electricity conditioning devices are the basic components of a standalone Solar photovoltaic tool. Solar photovoltaic panels provide DC electricity, which is then converted to AC with the help of converter devices. The application of power electronic converters increases the complexity of the strength device while lowering its performance (Rehman et al., 2025).
Mohan et al., (2020) claimed that smart technologies, particularly Internet of Things (IoT), have revolutionized various sectors, including energy management. By enabling real-time communication and automation, IoT offers a promising avenue to address the inefficiencies inherent in traditional energy systems. A prepaid-based system further ensures fairness and transparency by allowing users to pay for their energy consumption in advance, thereby eliminating billing disputes. 
The integration of such a system is expected to significantly improve energy accessibility, particularly in regions with unreliable electricity grids. Moreover, the system aligns with global efforts to transition towards a greener and more sustainable future. A smart billing system is necessary to make the solar charging station more viable and acceptable. Prepaid billing system is the suitable option to serve this purpose. Prepaid billing provides security of money, helps to pre estimate the energy usage in advance, reduces power loss as the consumers become aware about the balance, removes the complexity of bill production and distribution and also helps to manage load and demand side. For these reasons still prepaid billing is the most popular billing system in the world. The concept of prepaid meter was first introduced in the United Kingdom before second world war. Now many developed countries as well as African countries are using prepaid meters (Rahman et al., 2022). 
 Utilization and monitoring of power have been a thing of practice in the line of power distribution companies using prepaid energy meters.  Now, in the line of solar inverter power supply, prepaid metering is recently being adopted by manufacturers of solar systems to regulate and account for power consumption, just as in grid supplies. Looking at this from the angle of a consumer acquiring a solar system for use that is equipped with a recharge mechanism and prepaid metering all agree with the advancement in innovation and solutions to power (Obayuwana & Igbonoba, 2020). 
This project focuses on the design and implementation of a smart prepaid-based solar power charging station. By leveraging IoT technology and prepaid functionalities, the system aims to streamline energy distribution, enhance user experience, and promote sustainable energy practices.
0. STATEMENT OF THE PROBLEM
Traditional solar charging systems typically used manual operations and postpaid billing, leading to various inefficiencies. Users often face issues like unauthorized use and billing disputes, as they are charged after the fact without clear control over their consumption. Furthermore, conventional solar power systems are often plagued by inefficiencies such as energy wastage, inaccurate billing, and limited user control. These issues hinder the widespread adoption of solar energy, particularly in areas with limited infrastructure. There is a pressing need for a system that ensures transparency, enhances energy management, and promotes efficient usage of solar power.
1.3 AIM AND OBJECTIVES OF THE STUDY
The aim of this project is to develop a smart prepaid-based solar power charging station that enhances efficiency, transparency, and sustainability in energy management. The objectives are to:
i. design a solar charging system that integrates IoT technologies for real-time monitoring and control;
ii. implement a prepaid billing mechanism that ensures transparency and user satisfaction;
iii. evaluate the performance of the system in terms of energy efficiency and user experience; and
iv. promote sustainable energy practices through enhanced energy management solutions.
1.4    SIGNIFICANCE OF THE STUDY 
The proposed system addresses critical issues in solar energy utilization, including inefficiencies in billing and energy distribution. By leveraging smart technologies, the project contributes to advancing renewable energy adoption. The findings are particularly significant for regions with unreliable energy infrastructure, offering a scalable solution to enhance energy accessibility and sustainability.
1.5 SCOPE OF THE STUDY
The project focuses on the design, development, and evaluation of a smart prepaid-based solar power charging station. It encompasses the integration of IoT for real-time monitoring, the implementation of prepaid billing mechanisms, and the analysis of system performance. The research is limited to small- to medium-scale solar power systems, with potential applications in residential and commercial settings.
1.6 ORGANIZATION OF THE REPORT
The project write-up is organized into five distinct chapters. Chapter one covers general introduction, which contains introduction to the project topic, statement of the problem, aim and objectives of the study, significance of the study, scope of the study and organization of the report. Chapter two covers the literature review, which contains review of related past works, overview of billing system, description of a solar power system and other related concepts. Chapter three explains the project methodology which includes analysis of existing system, problems of the existing system, the description of the proposed system and advantages of proposed system. Chapter four explains the design, implementation and documentation of the system which contain system designed output design, input design, database design, procedure design, implementation of the system hardware and software support and documentation of the new system installation procedure, operating the system and system maintenance. Lastly, chapter five explains the summary of the research, recommendations, and conclusion.



[bookmark: _Hlk152068578]CHAPTER TWO
LITERATURE REVIEW
2.1	REVIEW OF RELATED WORK
Obayuwana and Igbonoba (2020) designed and implemented a smart prepaid solar inverter system. The project, as designed, is to provide an alternative source of supply that offers a cost-friendly, flexible, and practicable method for consumers in all sectors of the economy. Consumers of energy had earlier faced with challenges such as inflexibility in power subscriptions and unaccountability of consumption rate, even after the solutions that some power-oriented companies had earlier proffered.  With the designed prepaid meter interfaced with the inverter system of use, consumers will be able to monitor their consumption rate, and with an energy-saving technique incorporated, the consumption is controlled and channeled to critical loads only when a battery is running low and anytime balance is low. The 
pay-as-you-go method of operating this system power and the ability to own the systems without interference from unauthorized persons were all made feasible through some added tools such as Arduino, IR remote, and Receiver.  This project presents a micro approach of a broader scope to eliminating the country’s power 
problems. 
Maroma (2021) developed a solar powered cell phone charging station. The study focused on the development of a cell phone charging station that is solely operated through solar power by means of a solar cell which is attached to the charging station through a backup storage battery. The device is mainly aimed for commercial use since it can require a certain fee for a specified period to charge a mobile phone. However, in case of calamities the charging station can be used as an emergency charging station in the event of prolonged power outages. Since the device is a standalone system, it can charge mobile phone as long as there is sunlight. Even during night time, the device can still charge phone as long as the battery still has power. 
Sushma et al., (2023) proposed a smart solar powered electronic vehicle charging station. The objective of the project was to design and construct electric vehicle charging stations using solar energy and a direct electricity grid, with the goal of providing a convenient and accessible charging option for electric vehicle drivers on highways. The charging stations was be built on major highways to make them easily accessible to a large number of electric vehicle drivers. The solar panels used in the charging stations generated electricity from the sun, while the direct electricity grid provided additional power when needed. The excess amount of electricity generated from the charging stations was sent back to the grid for a certain amount to make profit. The project aims to reduce carbon emissions by promoting the use of electric vehicles and sustainable energy sources, while also generating revenue through the sale of excess electricity.
Swetha et al., (2022) worked on solar based battery charging system through IoT. This work focuses on the design and development of a low-cost, completely solar-powered battery charging system using a microcontroller. I MPPT (ii) Arduino Uno interface for battery control capabilities are included in the designed system. (ii) LCD display for providing information to the user about the system, such as the structure's normal capacity to charge at any given time, (iv) data storage and GSM module for remote surveillance and uploading live records, which can also be used for studying the battery's fitness and assisting in battery maintenance. The produced solar-powered battery charging mechanism for DC hundreds was created with Solar Home Systems in view (SHS). 
Kannan (2025) implemented a smart automated electronic vehicle charging with prepaid access system. The paper proposes a smart automated electronic vehicle charging with prepaid access system that integrates RFID-based authentication, hybrid power sources (solar and grid), and real-time monitoring. The system ensures controlled energy consumption, automated authentication, and transparent billing, reducing manual intervention and improving efficiency. By leveraging smart automation and sustainable energy sources, this system enhances the reliability, convenience, and sustainability of electronic vehicle charging infrastructure. 
Mohan (2020) designed an arduino based solar powered battery charging system for rural solar residence. The paper implemented a low fee, microcontroller based totally, sun powered battery charging device. The developed system includes (i) MPPT (ii) Arduino Uno interface for battery control capabilities Arduino Uno interface, (iii) LCD show for statistics to the consumer approximately the system regarding the structures normal capacity to fee at any given time, (iv) information storage and carries Wi-Fi module for far off surveillance and uploading live records which can similarly be used for studying the fitness of the battery and help in maintenance of battery. The developed sun powered battery charging device for DC hundreds has been designed for use in Solar Home Systems (SHS). The character SHS can be linked to shape a low voltage DC micro grid for the remotely positioned rural populace for sustainable provision of electrical electricity offerings.
Rehman et al., (2025) conducted a research on solar-powered multi-functional portable charging device (SPMFPCD) with internet-of-things (IoT)-based real-time monitoring. The paper proposes an innovative development of a solar-powered multi-functional portable charging device (SPMFPCD) with internet- of-thing (IoT)-based monitoring capabilities. The proposed scheme introduces a comprehensive model integrating advanced technologies which include a highly efficient solar panel, charge controller, sensors, and IoT module. The proposed system facilitates versatile charging solutions for a wide range of power requirements with real-time monitoring and data analysis through the IoT platform. Moreover, the proposed work explores the applications of the SPMFPCD in (1) emergency medical scenarios, (2) outdoor adventures, (3) disaster management, and 4) public spaces. Performance evaluation was made by proposing case studies to validate the (1) economic viability, (2) power management, and (3) environmental impact of widespread deployment of SPMPFCD in public spaces. Furthermore, detailed analysis of battery energy storage system (BESS) and photovoltaic (PV) integration for load management, seasonal dynamics, and renewable energy integration (REI) contribute to a comprehensive understanding of the proposed solution.
2.2 REVIEW OF RELATED CONCEPTS
2.2.1 Overview of Solar Energy
Solar energy is a renewable and inexhaustible source of power derived from sunlight. It is harnessed using technologies such as photovoltaic (PV) panels, solar thermal systems, and concentrated solar power (CSP) systems. Photovoltaic panels convert sunlight directly into electricity using semiconductors like silicon, making them a popular choice for residential and commercial applications. Solar thermal systems capture solar heat to generate steam, which powers turbines to produce electricity, while CSP uses mirrors to concentrate sunlight on a specific point to generate heat. The versatility of solar energy systems has allowed their integration into various applications, including electricity generation, water heating, and even transportation (Mohan, 2020).
Solar energy is recognized as a key contributor to reducing greenhouse gas emissions and combating climate change. Unlike fossil fuels, solar energy produces no direct carbon emissions during operation, making it an environmentally friendly option. Additionally, technological advancements and economies of scale have significantly reduced the cost of solar panels over the past decade, enabling broader adoption worldwide. Countries are increasingly setting ambitious solar energy targets to meet sustainable development goals and transition toward a cleaner energy future.
Despite its many advantages, solar energy has limitations, such as dependence on sunlight and weather conditions, which can affect efficiency. Energy storage systems, like batteries, are often paired with solar installations to store excess energy generated during peak sunlight hours for use during cloudy days or nighttime. Another challenge is the space requirement for large-scale solar farms, which may conflict with land use priorities. However, innovations such as floating solar farms and building-integrated photovoltaics are addressing these challenges.
The future of solar energy looks promising as research focuses on improving efficiency and storage solutions. Emerging technologies, such as perovskite solar cells and tandem cells, aim to enhance the efficiency and affordability of solar systems. Additionally, policy incentives, subsidies, and international collaborations are driving investments in solar energy projects. As a cornerstone of the global energy transition, solar energy continues to pave the way for sustainable development and a low-carbon future (Kennan, 2025).
2.2.2 IoT in Energy Management
The Internet of Things (IoT) has revolutionized energy management by enabling smarter, more efficient systems that monitor, control, and optimize energy usage. IoT devices, such as smart meters, connected sensors, and automation systems, collect real-time data on energy consumption patterns. This data is analyzed using cloud computing and artificial intelligence (AI) to identify inefficiencies, forecast energy demand, and recommend actionable insights. By providing granular visibility into energy usage, IoT helps consumers and businesses make informed decisions to reduce costs and minimize waste (Liu & Ma, 2021).
One of the significant applications of IoT in energy management is in the integration of renewable energy sources. IoT systems enable seamless coordination between distributed energy resources like solar panels, wind turbines, and battery storage. These systems optimize energy distribution and ensure grid stability by balancing supply and demand in real time. For example, IoT-enabled sensors can predict renewable energy generation based on weather conditions and adjust grid operations accordingly.
In smart buildings and homes, IoT devices play a vital role in automating energy-saving measures. Smart thermostats, lighting systems, and appliances adjust their operation based on occupancy patterns and user preferences, reducing unnecessary energy consumption. Industrial facilities also benefit from IoT by leveraging predictive maintenance and energy optimization algorithms to enhance operational efficiency.
However, IoT adoption in energy management comes with challenges, including cybersecurity risks, interoperability issues, and the need for significant investments in infrastructure. Ensuring data privacy and securing IoT networks are critical to maintaining consumer trust. As IoT technologies continue to evolve, addressing these challenges will be essential to unlocking their full potential in transforming the energy landscape (Walia, 2024).
2.2.3 Prepaid Energy Systems 
Prepaid energy systems offer a flexible and user-friendly approach to electricity consumption, allowing customers to pay for energy in advance. These systems utilize smart meters that track energy usage and deduct the consumed amount from a prepaid balance. Customers can recharge their accounts through various methods, including mobile apps, kiosks, and online platforms, making energy access more convenient and adaptable to individual budgets.
One of the primary benefits of prepaid energy systems is their ability to encourage responsible energy use. By providing real-time feedback on consumption and balance, these systems motivate users to monitor and optimize their energy usage. Prepaid models also reduce the risk of bill payment defaults for utility providers, improving cash flow and operational efficiency. Additionally, prepaid systems can enhance energy access in underserved or remote areas, where traditional billing infrastructure may be lacking.
For utility providers, prepaid systems streamline revenue collection and reduce the administrative burden associated with billing and customer service. They also enable demand-side management by providing data on consumption patterns, helping utilities plan and allocate resources effectively. Advanced prepaid systems are now incorporating IoT and AI technologies to provide predictive analytics and personalized energy-saving recommendations.
Despite their advantages, challenges remain in implementing prepaid energy systems. Initial deployment costs for smart meters and associated infrastructure can be high, particularly in regions with limited financial resources. Additionally, ensuring equitable access for low-income households requires addressing affordability and education barriers. Policymakers and utility companies must collaborate to design inclusive solutions that maximize the benefits of prepaid energy systems (Adams, 2022).


2.2.4 Challenges in Renewable Energy Adoption
Renewable energy adoption is critical to achieving sustainable development goals, but it faces several challenges that hinder its widespread implementation. One of the primary obstacles is the intermittent nature of renewable energy sources like solar and wind, which depend on weather conditions and time of day. This variability necessitates advanced energy storage solutions to ensure grid reliability and continuous power supply. However, storage technologies, such as lithium-ion batteries, remain expensive and have scalability limitations.
Infrastructure limitations also pose a significant challenge. Many existing power grids were designed for centralized, fossil-fuel-based systems and require substantial upgrades to accommodate decentralized renewable energy sources. The integration of renewables into these grids demands sophisticated management systems and investment in transmission and distribution networks. Additionally, regulatory frameworks often lag behind technological advancements, creating barriers to renewable energy adoption.
Economic factors further complicate the transition. While the costs of renewable energy technologies have declined significantly, the upfront investment required for installations and infrastructure remains a hurdle for many stakeholders. Subsidies for fossil fuels in some regions also distort energy markets, making renewables less competitive. Governments and organizations must align policies and incentives to level the playing field and encourage renewable energy adoption.
Social and environmental factors also play a role in adoption challenges. Large-scale renewable projects, such as wind farms and solar parks, can face opposition from local communities due to land use conflicts, ecological impacts, or aesthetic concerns. Engaging stakeholders and ensuring equitable benefits from renewable energy projects are essential to addressing these challenges and fostering widespread acceptance (Sezko, 2020).
2.2.5 Smart Prepaid Based Solar Power Charging System 
A smart prepaid-based solar power charging system integrates solar energy generation with advanced metering and payment technologies to create an efficient and user-friendly energy solution. This system allows users to prepay for solar energy, enabling controlled access to electricity while promoting renewable energy adoption. The integration of smart meters and IoT devices provides real-time monitoring and management of energy consumption, ensuring transparency and efficiency.
Such systems are particularly beneficial in remote or off-grid areas where conventional energy infrastructure is limited or unavailable. By leveraging solar power, they provide a sustainable and reliable energy source, reducing dependency on diesel generators or other non-renewable alternatives. Users can recharge their accounts using mobile platforms or automated kiosks, offering convenience and flexibility.
The real-time data generated by smart prepaid systems enables energy providers to optimize resource allocation and maintenance schedules. Additionally, these systems can incorporate dynamic pricing models that adjust rates based on demand and supply conditions, encouraging efficient energy usage. The combination of solar energy and prepaid systems contributes to environmental sustainability by reducing carbon emissions and promoting energy equity.
However, implementing smart prepaid-based solar charging systems requires addressing challenges such as high initial costs, technological literacy, and infrastructure requirements. Policymakers and stakeholders must collaborate to provide subsidies, training, and support for the adoption of these systems, especially in economically disadvantaged regions. Despite these challenges, the concept represents a promising step toward achieving universal access to clean and affordable energy (Ajibola, 2023).



CHAPTER THREE
RESEARCH METHODOLOGY AND ANALYSIS OF THE EXISTING SYSTEM
3.1	RESEARCH METHODOLOGY 
Below is a brief layout of the proposed system. This system has incorporated a hybrid solar inverter charger with a load management module. This smart module has Maximum Power Point Tracking (MPPT) and can charge devices and other loads from solar power during the day. The remaining unused solar energy is stored in storage batteries for use at night. This integrated system has captured all the latest state-of-the-art technologies, such as the intelligent negative pulse current charger, smart card billing system, and remote data management system. Below are the block diagram of the solar energy storage system and the block diagram of the proposed solar station.
[image: ] Figure 3.1: Block diagram of the solar energy storage system
[image: ]
Figure 3.2: Block diagram of the proposed solar system
Materials and Method
1. Solar Panel: High-efficiency photovoltaic panels to harvest solar energy.
2. Charge Controller: A solar charge controller to regulate voltage and current from the solar panel to prevent overcharging.
3. Rechargeable Battery Bank: Lithium-ion or lead-acid batteries to store energy.
4. Microcontroller Unit (MCU): Examples: Arduino for controlling and managing the system.
5. Prepaid Module: RFID-based prepaid card reader or mobile wallet integration module.
6. Inverter: Converts DC to AC power (if charging devices require AC).
7. Power Distribution System: Cables, connectors, and circuit breakers to ensure safe and efficient power transfer.
8. Load Management System: Smart relays or switches to control the flow of electricity to charging ports.
9. Energy Meter: Measures energy consumed by users for billing purposes.
10. Communication Module: GSM, Wi-Fi, or Bluetooth module for real-time data exchange and user notifications.
11. Housing Unit: Weatherproof and tamper-resistant casing for components.
12. Charging Ports: USB, Type-C, or other ports compatible with devices to be charged.
13. Miscellaneous Components: Resistors, capacitors, diodes, heat sinks, and other electrical components as required.
The solar powered battery charging station schematic is shown below.

[image: ]
Figure 3.3: Solar powered battery charging station schematic (Source: Kennan, 2025) 
3.2	ANALYSIS OF THE EXISTING SYSTEM
Conventional solar power systems often lack integrated monitoring and billing mechanisms. The current systems for smart prepaid-based solar power charging stations are tailored to address the rising demand for renewable energy solutions in a user-centric manner. However, existing systems face challenges that hinder optimal functionality. One major limitation is the high upfront installation cost, which can be a barrier for widespread adoption in underdeveloped or rural areas. Moreover, inconsistent internet connectivity in remote locations can disrupt real-time monitoring and transactions, leading to user dissatisfaction. Another concern is the inefficiency of energy storage systems; batteries used to store solar power often have limited lifespans and can degrade quickly under frequent charge-discharge cycles, impacting system reliability and maintenance costs. To enhance these systems, there is a need for improved scalability, cost-effectiveness, and resilience.
3.3	PROBLEMS OF THE EXISTING PROBLEM
The existing system of charging station has the following shortcomings:
i. Energy Wastage: The absence of real-time monitoring leads to inefficient energy utilization and significant wastage.
ii. Billing Inefficiencies: Traditional billing methods are prone to errors and disputes, undermining user trust.
iii. Limited User Control: Users have minimal control over energy consumption, limiting their ability to optimize usage.
iv. Inefficient energy utilization and distribution.
v. Lack of automation and real-time control mechanisms.
3.4	DESCRIPTION OF THE PROPOSED SYSTEM
The proposed smart prepaid-based solar power charging station seeks to overcome the limitations of existing systems by incorporating advanced technologies and enhanced operational capabilities. It integrates high-efficiency solar panels with upgraded energy storage solutions, such as lithium-iron-phosphate batteries, to ensure reliable power availability and longer system lifespans. A key feature is the deployment of a robust IoT-enabled architecture, allowing users to remotely access and manage their accounts, monitor energy consumption, and make payments seamlessly via a mobile or web application.
To address the challenges of internet connectivity in remote areas, the system incorporates offline-compatible features for transactions and local network solutions. These enhancements ensure uninterrupted service even in locations with limited internet access. The system is designed with scalability in mind, allowing for easy integration of additional stations and capacity expansion as energy demand grows. A predictive maintenance framework powered by the microcontroller is integrated to monitor system health and detect potential issues before they cause disruptions. This reduces downtime and minimizes maintenance costs. Moreover, the system emphasizes user-friendliness, offering an intuitive interface and real-time notifications for energy balance updates and recharge reminders. 
3.5 ADVANTAGES OF THE PROPOSED SYSTEM
The following are the advantages of the proposed system
i. The proposed system enhanced energy efficiency through real-time monitoring.
ii. It increased transparency and user satisfaction via prepaid billing.
iii. It reduced energy wastage and improved sustainability.


CHAPTER FOUR
DESIGN, IMPLEMENTATION AND DOCUMENTATION OF THE SYSTEM
4.1	DESIGN OF THE SYSTEM
The system is powered by solar energy, which is captured through solar panels and regulated by a charge controller to safely store energy in a rechargeable battery bank. This stored energy is then used to power multiple charging ports or outlets for devices such as mobile phones, laptops, or electric bicycles.
To control access and ensure energy is used only by paying users, the system integrates a prepaid mechanism. Users interact with the station through a smart interface—this could be a mobile app, a touchscreen panel, or an RFID card reader. Once the user has paid or their prepaid balance is verified, the system activates the corresponding port and allows charging for a specific duration or energy quota.
The control logic is managed by a microcontroller or embedded system, which monitors energy flow, tracks user credits, and communicates with a cloud server or local database to update balances and usage logs. Real-time data such as solar input, battery status, and charging activity can be displayed on a user interface or transmitted to a remote monitoring dashboard.
 4.1.1	OUTPUT DESIGN
The output design of the Smart Prepaid-Based Solar Power Charging Station focuses on delivering regulated, user-controlled electrical power through a secure and efficient interface. Once a user authenticates and completes a prepaid transaction—either digitally or through an RFID card—the system enables the power output ports corresponding to their selected device or load. These output ports are equipped with voltage and current regulation circuits to ensure safe and consistent power delivery, typically offering USB (5V), DC (12V or 24V), or AC (220V/110V) options depending on the application.
The system monitors the energy consumption in real time and automatically cuts off the supply once the user’s prepaid credit is exhausted or the allotted time ends. Visual indicators, such as LEDs or a digital display, provide users with information about remaining time or energy balance. The output section is also integrated with safety mechanisms to prevent overload, reverse polarity, and short circuits, ensuring protection for both the device and the user. This controlled, intelligent output system allows efficient management of solar energy while enabling a fair, pay-as-you-use access model.
Things taken into consideration in determining the output are represented below:
[image: ]
Figure 4.1: Solar Charging Station 
This is a charging station that allows users to charge their devices.  
4.1.2	INPUT DESIGN
The input design of the Smart Prepaid-Based Solar Power Charging Station is centered around two key sources: solar energy and user authentication. Solar panels serve as the primary energy input, converting sunlight into electrical energy. This energy is routed through a charge controller that manages voltage and current levels to safely charge the battery storage system, ensuring optimal performance and longevity. The design accommodates varying solar irradiance conditions, using maximum power point tracking (MPPT) or pulse width modulation (PWM) to optimize energy harvesting.
[image: ]
Figure 4.2:Charging Controller
This device regulates the flow of energy from the energy source (like Solar panels) to the battery bank.
4.1.3	PROCEDURE DESIGN
The procedure design of the Smart Prepaid-Based Solar Power Charging Station outlines the step-by-step operational flow that ensures seamless integration of energy management, user access, and payment control. The process begins with the continuous collection of solar energy by photovoltaic panels, which is then regulated and stored in a battery system via a charge controller. The system remains in standby mode, monitoring for user interaction.
When a user approaches the station, they initiate a session by interfacing with the user access module, which could be a touchscreen, mobile app, RFID card, or QR code scanner. The system then verifies the user’s prepaid balance either through a local database or a cloud-based server. If the balance is sufficient, the control system activates the corresponding charging port and begins logging energy usage or time duration.
4.2	IMPLEMENTATION OF THE SYSTEM
The implementation of the Smart Prepaid-Based Solar Power Charging Station involves integrating hardware and software components into a fully functional unit capable of autonomous operation. The process begins with assembling the solar power system, which includes mounting solar panels in a location with maximum sun exposure, connecting them to a charge controller, and linking the controller to a battery storage unit to ensure energy availability even during non-sunny periods.
Simultaneously, the control and access interface is set up. A microcontroller or embedded computer (such as Arduino, Raspberry Pi, or ESP32) is programmed to manage the system’s logic—handling tasks such as user authentication, balance verification, timing, and energy metering. This control unit is connected to input devices such as an RFID reader, keypad, touchscreen, or QR scanner, and to output control switches or relays that activate the charging ports.


4.2.1	CHOICE OF PROGRAMMING LANGUAGE
The Application was developed in a .net (dot net) integrated development environment (.net IDE). The Application IDE is chosen following the fact that extracted information needs to be presented in an enhanced pictorial/graphical format and easy communication with the database for program flexibility in windows platform.
4.2.2	HARDWARE REQUIREMENT
1. 500 Hz minimum with CD ROM drive etc.
1. Hard disk of capacity 20GB Minimum
1. 2GB of RAM
4.2.3	SOFTWARE REQUIREMENT
1. Windows operating system such as Windows 7, 8, e.t.c
1. Microsoft visual studio 2010
1. Server Query Language (SQL).
4.3	DOCUMENTATION OF THE SYSTEM
4.3.1	PROGRAM DOCUMENTATION
The program documentation for the Smart Prepaid-Based Solar Power Charging Station describes a control system developed to manage energy distribution through a solar-powered setup, regulated by a prepaid access mechanism. It details how the microcontroller or embedded system governs the entire process—from reading user input via RFID, QR code, or keypad, to verifying prepaid balances stored either locally or through a cloud server, and activating or deactivating charging ports based on credit availability. The code handles real-time monitoring of voltage, current, and power consumption, ensuring accurate deduction of prepaid credit and safe operation of the charging system. Additionally, it includes functions for displaying status updates, handling communication between modules, logging data for each session, and enforcing protective measures such as timeouts, overcurrent shutdown, and system resets. This documentation serves as a guide for understanding, maintaining, and extending the system software in both standalone and networked configurations.
4.3.2	MAINTAINING THE SYSTEM
Maintaining the Smart Prepaid-Based Solar Power Charging Station involves ensuring consistent system performance, reliability, and safety through regular checks, updates, and repairs. This includes monitoring the solar panel output to verify adequate energy generation, cleaning the panels to maintain efficiency, and inspecting the battery system for signs of wear or capacity loss. The charge controller and power distribution components are periodically tested to ensure proper regulation and output delivery.
On the software side, the control program is reviewed and updated to fix bugs, enhance security, or support new features such as updated user interfaces or payment methods. The prepaid credit system is also maintained by verifying database integrity and ensuring accurate transaction logs. Sensors and user input devices, such as RFID readers or keypads, are tested to confirm responsiveness and accuracy, while network components are monitored to maintain stable communication with remote servers, if applicable.
In case of hardware faults or abnormal performance, diagnostics are performed using system logs or direct readings from the controller to identify and replace faulty components. Preventive maintenance schedules are followed to reduce downtime, and user feedback is reviewed to improve the station’s usability and reliability over time.
CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	SUMMARY
A smart prepaid-based solar power charging station developed leverages renewable energy to provide a sustainable and user-friendly power solution. By integrating solar panels with an efficient energy storage system and a prepaid payment mechanism, the station allows users to access clean energy on a pay-as-you-go basis. The system enhances energy management by enabling real-time monitoring of consumption and balance through a mobile or web platform, making it especially suitable for areas with limited or unreliable grid power.
The developed system addresses key challenges faced by existing solutions, such as high installation costs, inconsistent internet connectivity, and limited battery lifespan. It incorporates offline transaction capabilities, blockchain-based secure payments, and advanced battery technologies to ensure reliability and ease of use. Additionally, the inclusion of internet of things helps to reduce downtime and maintenance expenses by proactively identifying system faults, thereby improving the overall operational efficiency and lifespan of the station.
In essence, this project provided an accessible, cost-effective, and scalable renewable energy solution that can empower communities, particularly in remote and underdeveloped regions. By promoting clean energy adoption and simplifying energy access through smart prepaid technology, the project contributes to sustainable development goals and paves the way for a greener, more energy-efficient future.


5.2 CONCLUSION
The smart prepaid-based solar power charging system represents a significant step towards addressing energy management challenges. By integrating IoT and prepaid billing, the system offers a scalable and efficient solution for solar energy utilization.
This innovation aligns with global efforts to achieve sustainable energy goals, providing a model for future renewable energy systems.
5.3 RECOMMENDATIONS
Based on this research findings, the following were recommended.
i. Policymakers should support the adoption of smart systems through incentives and regulatory frameworks.
ii. Further research should explore the scalability of the system in large-scale applications.
iii. Awareness campaigns can promote the benefits of smart solar systems among potential users.
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