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 INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Access to reliable and sustainable lighting is fundamental to human development, impacting education, health, security, and economic activities (United Nations Development Programme [UNDP], 2020). In many developing countries, including Nigeria, a significant portion of the population lacks consistent access to electricity. According to the International Energy Agency (IEA), over 80 million Nigerians live without electricity, with rural areas being the most affected (IEA, 2022).
Traditional lighting methods, such as kerosene lamps and candles, are still prevalent in these regions. These methods are not only inefficient but also pose serious health and safety risks. Kerosene lamps emit harmful pollutants, contributing significantly to indoor air pollution and respiratory problems (World Health Organization [WHO], 2021). The Elumis Foundation (2021) highlights that the smoke from kerosene lamps is responsible for respiratory infections and other chronic health issues, particularly among women and children who spend longer hours indoors.
Solar-powered lighting systems have emerged as a viable and sustainable alternative, offering clean and renewable energy solutions (Jacobson et al., 2015). However, their effectiveness is often limited by weather conditions, especially during prolonged cloudy or rainy periods, which reduce solar irradiation and affect energy generation (Obayelu et al., 2019). To address this limitation, integrating a dual-charging system that utilizes both solar energy and grid electricity ensures more reliable and uninterrupted lighting availability (Oyedepo et al., 2020).
Furthermore, the incorporation of a Battery Management System (BMS) enhances the efficiency, safety, and lifespan of battery-powered devices. A BMS monitors battery health, prevents overcharging and deep discharging, and ensures thermal stability, thereby prolonging battery performance and lifecycle (Chen et al., 2021). This is crucial in areas with erratic power supply, where battery systems are frequently used for backup lighting.

The adoption of solar energy technologies has significant economic implications. By reducing reliance on expensive and hazardous fuels like kerosene, households can allocate savings towards other essential needs. In the Niger Delta, the distribution of solar lanterns has not only improved living conditions but also generated business opportunities, with households saving an average of $70 annually .
Several large-scale solar lighting projects have been successfully executed in Nigeria, demonstrating the feasibility and benefits of such initiatives. For example, the "Light Up Nigeria" project in Durumi installed 70 basic solar streetlights, enhancing security and community activities during nighttime . Similarly, the Ashama Solar Power Station, a 200MW project, aims to provide electricity to millions, reducing carbon emissions and promoting sustainable development 
Furthermore, the solar industry contributes to job creation through the demand for installation, maintenance, and manufacturing services. Training programs focused on solar technology have equipped individuals with specialized skills, enhancing employability and fostering sustainable careers . This development is particularly beneficial in rural areas, where employment opportunities are often limited.
The integration of solar-powered lighting systems presents a multifaceted solution to the challenges faced by communities lacking reliable electricity. By improving educational outcomes, stimulating economic growth, enhancing health, and promoting environmental sustainability, solar energy serves as a catalyst for holistic development. Continued investment and support for such initiatives are essential to achieving equitable access to energy and fostering resilient communities.
This project focuses on the construction and implementation of a dual-charging solar-powered LED lamp, utilizing a 8W solar panel and a BMS to manage the charging and discharging cycles. The LED lamp is designed to serve as a cost-effective, low-maintenance, and environmentally friendly lighting solution for homes, schools, clinics, and outdoor applications in areas with unreliable electricity supply (Adegboyega & Akinyele, 2022).

1.2 PROBLEM STATEMENT
In Nigeria, the national electricity grid is characterized by frequent outages and limited reach, especially in rural and peri-urban communities. This unreliable power supply hampers educational activities, healthcare delivery, and economic development.
The continued reliance on kerosene lamps and candles poses significant health hazards due to indoor air pollution and increases the risk of fire accidents. Moreover, these traditional lighting methods are costly over time and contribute to environmental degradation.
While solar powered lighting systems offer a cleaner alternative, their dependence on sunlight makes them less reliable during periods of low solar irradiance. This limitation necessitates the development of a hybrid lighting system that combines solar and grid charging capabilities to ensure uninterrupted lighting.

1.3 AIM OF THE PROJECT
The aim of this project is to design, construct, and implement a dual-charging solar-powered LED lamp equipped with a Battery Management System (BMS) to ensure reliable, efficient, and sustainable lighting. 

1.4 OBJECTIVES OF THE PROJECT
i. Design a dual-input charging system capable of receiving power from both a 8W solar panel and the AC grid.
ii. Integrate a Battery Management System (BMS) for effective control of battery charging, protection from overcharging, and thermal regulation.
iii. Construct an energy-efficient LED lighting unit that provides sufficient illumination for domestic and outdoor use.

1.5 MOTIVATION
This project stems from the urgent need to provide sustainable and reliable lighting solutions to communities suffering from erratic power supply and energy poverty.
a. Energy Access Deficit: The lack of access to reliable electricity in many Nigerian communities necessitates alternative energy solutions. 
b. Health and Safety Concerns: The use of kerosene lamps poses significant health risks due to indoor air pollution and increases the likelihood of fire accidents. 
c. Environmental Sustainability: Transitioning to LED lighting reduces carbon emissions and contributes to global efforts to combat climate change.
d. Technological Advancement: Implementing such projects fosters technical awareness and skill development among young engineers and technicians.
1.6 SCOPE OF THE PROJECT
This project encompasses the design, construction, and testing of a solar-powered LED lighting system featuring dual charging mechanisms (solar and grid) and a Battery Management System. The scope includes:
i. Solar Charging: Utilization of a 8W photovoltaic (PV) solar panel for energy harvesting.
ii. Grid Charging: Incorporation of an AC-to-DC converter to allow charging from conventional wall sockets.
iii. Battery Management System: Integration of a BMS circuit for smart battery control, ensuring protection against overcharge, over-discharge, and overheating.
iv. LED Lighting Module: Development of a lighting unit that provides bright, energy-efficient illumination suitable for domestic and small-scale outdoor use.
v. Power Storage: Use of a rechargeable battery pack to store power for use when sunlight or grid electricity is unavailable.

1.7 LIMITATIONS OF THE PROJECT
a. Limited Solar Panel Capacity: The 8W solar panel may not harvest sufficient energy during cloudy or rainy days, resulting in extended charging times.
b. Battery Capacity Constraints: The energy storage capacity will depend on the battery rating, which may not support prolonged usage for large-scale lighting applications.
c. Dependency on Grid Availability: In regions where grid power is completely unavailable, the system will rely solely on solar input.
d. Cost of Quality Components: Using high-quality batteries and BMS components may increase the initial cost, although long-term savings are expected.
e. Geographical Limitation: The effectiveness of solar charging is influenced by geographic location, weather patterns, and seasonal variations.
f. DC to AC Limitations: The system is designed to power LED lights directly; it is not intended to power household AC appliances.


