2.0					CHAPTER TWO
2.1	LITERATURE REVIEW (INTRODUCTION)
	Cocoa drying is a critical step in the post-harvest processing of cocoa beans, significantly 	impacting the quality and flavor of the final product (Adebayo & Adebayo, 2018). Various 	drying methods have been employed in the cocoa industry, each with its advantages and 	limitations. The choice of drying method can affect the moisture content, flavor, and 	overall quality of the cocoa beans.
	In Nigeria, sun drying is widely practiced, especially in rural areas where access to modern 	drying facilities is limited (Ogunjobi & Adebayo, 2019). Farmers often spread the cocoa 	beans on mats or concrete floors, turning them regularly to ensure even drying. 	While 	this method is 	effective in dry seasons, it can be challenging during the rainy season when 	humidity levels are high. To improve the efficiency of sun drying, some farmers use solar 	tents or greenhouses, 	which can provide better control over the drying environment 	(Afolabi et al., 2020). These 	structures can help protect the cocoa beans from rain and 	reduce the risk of contamination. However, they require a higher initial investment, which 	may not be feasible for all farmers.
	Sun drying can also be combined with other drying methods, such as mechanical drying, 	to improve efficiency and reduce drying time (Adebayo & Adeyemi, 2017). This hybrid 	approach can help achieve better results, especially during periods of unfavorable 	weather conditions.
2.1.1	Traditional Sun Drying
	Sun drying is a common traditional method used for drying cocoa beans in Nigeria 	(Ogunjobi & Adebayo, 2019). This method involves spreading the fermented cocoabeans 	in thin layers on concrete or mat surfaces and exposing them to direct sunlight. While sun 	drying is a low-cost and simple method, it has several drawbacks, including weather 	dependency, labor intensiveness, contamination risks, and inconsistent drying (Afolabi et 	al., 2020). The effectiveness of sun drying largely depends on the weather conditions, 	such as sunlight intensity and humidity (Adebayo & Adeyemi, 2017). In regions with 	high humidity, sun drying may not be as effective, leading to mold growth and reduced 	quality of the cocoa beans. Additionally, sun drying requires a large surface area, which 	can be a limitation in areas where space is limited.
[bookmark: _GoBack]	Despite these challenges, sun drying remains a popular method among small-scale 	farmers due to its low cost and simplicity (Olaniyi et al., 2018). However, there is a need 	for improvement, such as using raised platforms or mats to improve air circulation and 	reduce contamination risks. Proper training on sun drying techniques can also help 	farmers achieve better results
2.1.2	Mechanical Drying
	In Nigeria, mechanical drying is becoming increasingly popular, especially among larger-	scale farmers who need to meet the demands of the global market (Adebayo & Adeyemi, 	2017). While the initial investment in mechanical dryers can be high, the long-term 	benefits, such as improved product quality and reduced labor costs, make it a worthwhile 	investment.
	Mechanical drying is another method used for drying cocoa beans, especially in larger-	scale operations (Adebayo & Adeyemi, 2017). This method involves using machines that 	blow hot air through the cocoa beans, reducing the moisture content to the desired level. 	Mechanical drying offers better control over drying conditions, resulting in more 	consistent product quality. One of the advantages of mechanical drying is its ability to dry 	cocoa beans quickly and efficiently, regardless of the weather conditions (Olaniyi et al., 	2018). This method is particularly useful for large-scale farmers who need to process 	large quantities of cocoa beans within a short period. Mechanical drying can also help 	reduce labor costs, as it requires less manual handling compared to sun drying.
	However, mechanical drying has its drawbacks, including high energy costs and the 	potential for overheating, which can affect the quality of the cocoa beans (Afolabi et al., 	2020). The cost of operating mechanical dryers can be a significant challenge for small-	scale farmers, especially in rural areas where access to electricity is limited.
	Despite these challenges, mechanical drying remains a popular choice for many farmers, 	especially those who produce cocoa on a large scale (Ogunjobi & Adebayo, 2019). The 	use of mechanical dryers can help improve the efficiency of the drying process, resulting 	in higher-quality cocoa beans that meet international standards.
2.2	 Design Considerations for Solar Dryers
	The design of solar dryers for cocoa beans requires careful consideration of several factors 	to ensure efficient and effective drying. Here are some key design considerations:
2.2.1	Solar Collector Design
	The design of the solar collector should also take into account the specific requirements of 	the drying application. For example, a solar dryer designed for drying cocoa beans may 	require a different type of solar collector than one designed for drying other types of crops 	(Adebayo & Adeyemi, 2017).
	The solar collector is a critical component of a solar dryer, responsible for capturing solar 	radiation and converting it into heat energy (Duffie & Beckman, 2013). The design of the 	solar collector should maximize the absorption of solar radiation while minimizing heat 	losses (Kalogirou, 2014). A well-designed solar collector can improve the efficiency of 	the drying process and reduce drying time.
	The type of solar collector used can also impact the performance of the solar dryer. For 	example, flat plate collectors are commonly used in solar dryers due to their simplicity 	and effectiveness (Shanmugam & Natarajan, 2007). However, other types of collectors, 	such as evacuated tube collectors, may offer better performance in certain applications.
	The orientation and tilt angle of the solar collector can also affect its performance. A solar 	collector that is oriented towards the equator and tilted at an angle equal to the latitude of 	the location can maximize the absorption of solar radiation (Kalogirou, 2014). However, 	the optimal tilt angle may vary depending on the time of year and the specific application.
	In addition to the type and orientation of the solar collector, the materials used in its 	construction can also impact its performance. Materials with high thermal conductivity, 	such as metals, can improve the efficiency of the solar collector (Duffie & Beckman, 	2013). However, materials with low thermal conductivity, such as insulation, can help 	reduce heat losses.
2.2.2	Drying Chamber Design
	The drying chamber is another critical component of a solar dryer, responsible for 	holding the cocoa beans and allowing them to dry (Hii et al., 2012). The design of the 	drying chamber should ensure uniform airflow and temperature distribution, as well as 	adequate ventilation to remove moisture.
	The design of the drying chamber should also take into account the specific requirements 	of the drying application. For example, a drying chamber designed for drying cocoa 	beans may require specific features, such as trays or racks, to ensure uniform drying 	(Adebayo & Adeyemi, 2017).
	The size and shape of the drying chamber can impact the performance of the solar dryer. 	A larger drying chamber can accommodate more cocoa beans, but may require more 	energy to heat (Shanmugam & Natarajan, 2007). A smaller drying chamber, on the other 	hand, may be more energy-efficient but may not be able to accommodate as many cocoa 	beans.
	The materials used In the construction of the drying chamber can also impact its 	performance. Materials with high thermal conductivity, such as metals, can improve the 	efficiency of the drying process (Duffie & Beckman, 2013). However, materials with low 	thermal conductivity, such as insulation, can help reduce heat losses.
2.2.3	Airflow and Temperature Control
	Airflow and temperature control are critical components of a solar dryer, responsible for 	regulating the drying process (Kumar et al., 2016). The design of the airflow and 	temperature control system should ensure uniform airflow and temperature distribution, 	as well as adequate ventilation to remove moisture.
	The type of airflow and temperature control system used can impact the performance of 	the solar dryer. For example, natural convection solar dryers rely on natural airflow, while 	forced convection solar dryers use fans or blowers to circulate air (Shanmugam & 	Natarajan, 2007).
	The design of the airflow and temperature control system should also take into account 	the specific requirements of the drying application. For example, a solar dryer designed 	for drying cocoa beans may require specific temperature and airflow conditions to ensure 	optimal drying (Adebayo & Adeyemi, 2017).
2.3	 Automation in Solar Dryers
	Automation in solar dryers has become increasingly important for optimizing the drying 	process, improving product quality, and reducing labor costs. Automated systems can 	monitor and control various parameters, such as temperature, humidity, and airflow, to 	ensure optimal drying conditions.
2.3.1	Benefits of Automation
	Automation in solar dryers offers several benefits, including:
	Improved Product Quality: Automation ensures consistent drying conditions, resulting in 	higher-quality products (Hii et al., 2012).
	Increased Efficiency: Automated systems can optimize drying times and reduce energy 	consumption (Shanmugam & Natarajan, 2007).
	Reduced Labor Costs: Automation minimizes the need for manual monitoring and 	control, reducing labor costs and improving productivity (Mrema & Dagnew, 2016).
2.3.2	Automation Technologies
	Various automation technologies can be used in solar dryers, including:
	Sensors and Monitoring Systems: These systems monitor temperature, humidity, and 	airflow, providing real-time data for optimal drying control (Kalogirou, 2014).
	Control Systems: Automated control systems can adjust drying conditions based on real-	time data, ensuring optimal drying conditions (Duffie & Beckman, 2013).
	Actuators and Valves: These components can be used to control airflow, temperature, and 	humidity levels in the drying chamber (Kumar et al., 2016).
2.3.3	Challenges and Limitations
	While automation offers several benefits, there are also challenges and limitations to 	consider, including:
	High Upfront Costs: Automated systems can be expensive to install and maintain 	(Mrema & Dagnew, 2016).
	Technical Expertise: Automated systems require technical expertise for installation, 	operation, and maintenance (Kalogirou, 2014).
2.4 	Automation in Solar Dryers
	Automation in solar dryers has become increasingly important for optimizing the drying 	process, improving efficiency, and ensuring consistent product quality (Kumar et al., 	2016). Automated systems can monitor and control various parameters, such as 	temperature, humidity, and airflow, to ensure optimal drying conditions.

