CHAPTER ONE
INTRODUCTION

1.1 Background of the Study
Drying remains one of the most crucial post-harvest operations in agriculture, essential for reducing moisture content in produce, preserving quality, and extending shelf life. In developing countries like Nigeria, where climatic conditions and energy access often pose challenges, the need for sustainable and efficient drying systems is paramount. Cocoa beans, a major export crop, require proper drying to attain marketable quality, reduce post-harvest losses, and enhance flavor development (Owusu-Manu et al., 2021).
Traditional open-sun drying, while common, is vulnerable to inconsistent weather, microbial contamination, and long drying durations. Mechanical dryers that rely on grid electricity or fossil fuels are often unaffordable, unsustainable, or unavailable to rural farmers. As a result, there is increasing interest in hybrid drying systems, which combine two or more energy sources to ensure consistent drying conditions.
In this study, the hybrid dryer is powered by solar energy and battery storage, with no dependence on grid electricity. The solar component powers the system during daylight hours, while the battery stores excess energy for use during cloudy conditions or nighttime, enabling uninterrupted drying. This type of hybrid system provides a cost-effective, off-grid, and eco-friendly solution, especially for smallholder farmers.
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The innovation lies in ensuring continuous airflow and temperature control within the drying chamber regardless of solar intensity. By integrating photovoltaic technology with battery storage, the hybrid dryer delivers improved drying efficiency, reduces contamination risks, and enhances the post-harvest handling of cocoa beans. This study focuses on the design, fabrication, and performance evaluation of such a dryer using locally sourced materials for affordability and sustainability.

1.2 Statement of the Problem
Farmers in many rural regions of Nigeria still rely on inefficient traditional drying methods that expose produce to environmental hazards and contamination. This leads to significant post-harvest losses and compromises product quality. For cocoa, poor drying results in moldy beans, poor flavor development, and economic losses. Furthermore, the high cost and inaccessibility of electric or fossil fuel-powered dryers make them impractical for small-scale farmers.
There is a clear need for a cost-effective and sustainable hybrid drying solution that is independent of grid electricity and can function efficiently across varying weather conditions. By integrating solar power and battery storage, a hybrid dryer can offer consistent drying performance while addressing the challenges of affordability, energy access, and environmental sustainability.

1.3 Aim and Objectives of the Study
Aim:
To develop an efficient and sustainable drying solution for agricultural produce, with a focus on improving the drying process of cocoa beans through an innovative hybrid approach.
1.3.1 Objectives of the study
The objectives of this study are: 
i. To design a hybrid drying system that combines direct solar energy with a battery-powered airflow mechanism suitable for agricultural drying.
ii. To fabricate the designed hybrid dryer using locally available materials to ensure cost-effectiveness and adaptability.
iii. To evaluate the performance of the hybrid dryer based on parameters such as drying rate and drying efficiency.

1.4 Justification of the Study
The adoption of a hybrid dryer, powered by solar and battery systems, ensures a sustainable and grid-independent solution to the drying challenges faced by farmers. This design is especially beneficial in remote areas with unreliable electricity supply. By using locally sourced materials, the cost of fabrication is reduced, making the system affordable and replicable.
The proposed hybrid dryer will enhance drying efficiency, reduce produce losses, and maintain the quality of cocoa beans. It also aligns with current global efforts toward renewable energy utilization and climate-smart agriculture (Ahmad et al., 2022). Hence, the study addresses both economic and environmental goals.

1.5 Scope of the Study
[bookmark: _GoBack]This project focuses on the design, fabrication, and evaluation of a hybrid dryer for agricultural produce, particularly cocoa beans. The system will utilize solar energy for power generation and store energy in a battery system to ensure continuous operation during periods of low solar radiation or at night. No external grid power will be used. The scope includes materials selection, structural design, fabrication and testing.


