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CHAPTER ONE
1.0	INTRODUCTION
1.1 	Background to the study
Cocoa (Theobroma cacao) is a vital crop that serves as a primary source of income for millions of small-scale farmers worldwide (ICCO, 2020). The global demand for cocoa is increasing, driven by the growing chocolate industry (ICCO, 2020). However, cocoa production is facing significant challenges, including low yields, disease, and pests (Aneani et al., 2022).
One of the critical steps in cocoa production is drying, which helps preserve the beans by reducing moisture content, thereby preventing mold growth and extending shelf life (Acheampong et al., 2022). 
However, traditional drying methods, such as sun drying, are often labor-intensive, time-consuming, and dependent on weather conditions (Kyei-Baffour et al., 2022).Cocoa beans are produced in humid tropics with annual mean temperature of over 24°C, high relative humidity levels and varied annual rainfall ranges be-tween 1500 and 3000mm. 

In Africa, where most of the cocoa beans are processed for export, seasonal variations in weather conditions (i.e. unpredictable duration of dry and wet seasons in tropical region) may impact the quality of the dried and the overall production yield. For example, dry weather patterns experience across West Africa in the early part of year 2011/2012 led to a forecast of production short-falls that year; although, increase in rainfall experi-enced later in the year and through March 2012, made up for the production deficit (World Cocoa Founda-tion, 2012). 

Fermentation and drying processing steps are very key to the overall quality of the final dried cocoa bean product (Zahouli et al., 2010). The fermentation pro-cess is necessary for improving the flavor and amino-acid profile of the cocoa beans and to break down the mucilaginous pulp surrounding the bean, thereby leading to reduced bitterness and astringency (Adeyeye et al., 2010; Afoakwa et al., 2008; Rodri-guez-Campos et al., 2011; Thompson et al., 2013). 

Natural drying (such as open-air sun drying and solar dryers) methods, when done properly, have been re-ported to produce better quality cocoa beans than artificial hot air-drying methods (Bonaparte et al., 1998).  
The natural drying methods allows slow removal of moisture, continuous fermentation and flavor devel-opment leading to a high-quality cocoa bean product; while artificial drying method causes rapid moisture removal, with high content of titratable acid, propion-ic acid, butyric acid, isobutyric, and isovaleric acids all of which are useful in making a low-quality choc-olate (Dina et al., 2015)
1.1.1	The History of Cocoa Production
The history of cocoa production highlights the evolution of cocoa production from ancient Mesoamerican civilizations to modern-day industrialized production. However, traditional cocoa drying methods, such as sun drying and fire drying, are still widely used, particularly in small-scale farming communities.
Cocoa, the main ingredient in chocolate, has a rich and fascinating history that spans over 3,000 years. The history of cocoa production is a story of ancient civilizations, colonialism, slavery, and industrialization. Ancient Mesoamerica (2500 BCE - 1500 CE)
Cocoa originated in the tropical regions of Mesoamerica, specifically in the areas that are now southern Mexico, Guatemala, Belize, and Honduras. The ancient Mesoamericans, including the Olmec, Maya, and Aztecs, revered cocoa as a sacred plant and used it to make a bitter drink called xocoatl.
The Aztecs believed that cocoa was a gift from the gods and used it as a form of currency, as well as for medicinal and ritual purposes. They also developed a system of cocoa production, including the use of shade trees, irrigation, and fermentation
Spanish Conquest and Colonialism (1500 - 1800 CE)
In the early 16th century, the Spanish conquistador Hernán Cortés arrived in Mesoamerica and discovered the use of cocoa. He took some cocoa beans back to Spain, where they were used to create a sweeter version of xocoatl
The Spanish established cocoa plantations in their colonies in Central and South America, using enslaved Africans and indigenous people to work on the plantations. The Spanish also introduced new technologies, such as the use of sugar and milk, to create a milder flavor of chocolate.
Industrialization and Mass Production (1800 - 1900 CE)
In the late 19th century, the development of the cocoa press by Dutch chemist Coenraad Johannes Van Houten revolutionized the chocolate industry. The cocoa press allowed for the mass production of cocoa butter and cocoa powder, making chocolate more accessible and affordable for the general population.
The industrialization of cocoa production also led to the establishment of large-scale cocoa plantations in West Africa, particularly in Ghana and Côte d'Ivoire. These plantations were often worked by migrant laborers from other parts of Africa.
Modern Cocoa Production (1900 CE - present)
Today, cocoa is produced in many countries around the world, with Côte d'Ivoire, Ghana, and Indonesia being the top producers. Modern cocoa production involves the use of advanced technologies, such as irrigation systems, fertilizers, and pest control measures.
However, the cocoa industry still faces many challenges, including deforestation, child labor, and poverty among cocoa farmers. Efforts are being made to promote sustainable cocoa production practices, such as agroforestry and fair trade, to address these issues.
2.2 Solar Drying Technology
The automated solar-powered cocoa seed dryer represents a significant innovation in cocoa production, addressing the challenges of traditional drying methods, solar drying technology harnesses the energy from the sun to dry agricultural products, including cocoa seeds. This technology has gained popularity in recent years due to its potential to reduce energy costs and environmental impact. 

1.1.2	Solar-Powered Dryers
Solar-powered dryers are devices that use solar energy to dry agricultural products, such as cocoa beans. These dryers are designed to capture solar radiation and convert it into heat, which is then used to dry the cocoa beans.
Solar-powered dryers offer several advantages over traditional drying methods, including improved efficiency, reduced labor costs, and enhanced quality. Moreover, solar-powered dryers are a renewable energy source, reducing the carbon footprint of cocoa production.
There are several types of solar-powered dryers, including direct solar dryers, indirect solar dryers, and hybrid solar dryers. Direct solar dryers use solar radiation directly to dry the cocoa beans, while indirect solar dryers use a heat ex-changer to transfer heat from the solar collector to the drying chamber. Hybrid solar dryers combine solar energy with other energy sources, such as biomass or electricity.
1.1.3	Significance of the Study
This study aims to design and develop a solar-powered cocoa seed dryer with temperature control and battery backup. The study will investigate the technical and economic feasibility of the dryer, as well as its potential impact on cocoa quality and small-scale farmers' livelihoods.
The significance of this study lies in its potential to contribute to the development of a sustainable and efficient cocoa production system. By providing a reliable and affordable drying method, small-scale cocoa farmers can improve the quality of their cocoa beans, increase their incomes, and enhance their livelihoods.
1.2 	Problem statement of the study
Cocoa seed drying, a critical step in cocoa processing, is often hindered by unreliable and inefficient traditional drying methods, resulting in poor quality cocoa beans, reduced yields, and economic losses for small-scale cocoa farmers, thereby necessitating the development of a sustainable and energy-efficient drying solution."
1.3 	Aim and objectives of the study
The main aim the project is to design and develop an innovative solar –powered cocoa 	seed with automated temperature control and battery backup
1.3.1	Specific Objective
This study objective of this project is to develop, and test a prototype automated solar-powered cocoa seed dryer that improves the efficiency and quality of cocoa drying in Nigeria.
1.4	Scope of the study
	The scope of this study is to develop a solar-powered cocoa seed dryer with 		temperature control and battery backup, and to evaluate its performance in terms of 	 	drying time, energy efficiency, and cocoa seed quality. The study will focus on small-	scale cocoa farmers and will investigate the economic viability of the solar-powered 	dryer. The study will be conducted in [location] and will involve the design, development, 	and testing of the solar-powered dryer, as well as surveys and interviews with small-scale 	cocoa farmers to gather data on their current drying practices and the potential adoption 	of the solar-powered dryer
1.4 	Justification of the study
The justification for this study is multifaceted, driven by the need to improve cocoa 	quality, address energy poverty, enhance sustainability, support small-scale farmers, and 	fill a knowledge gap in the use of solar-powered dryers in cocoa production, ultimately 	contributing to the development of a reliable and efficient solar-powered cocoa seed 	dryer with temperature control and battery backup."







2.0					CHAPTER TWO
2.1	LITERATURE REVIEW
Cocoa (Theobroma cacao) is a vital cash crop in many tropical countries, providing livelihoods for millions of smallholder farmers (ICCO, 2020). However, cocoa production is often hindered by inadequate drying methods, leading to reduced quality and profitability (Afoakwa, 2010).
Cocoa production involves several processes, including harvesting, fermentation, drying, and storage. Drying is a critical step in cocoa production, as it affects the quality and flavor of the final product (Afoakwa, 2010). However, traditional cocoa drying methods, such as sun drying and fire drying, are often inefficient, labor-intensive, and dependent on weather conditions (Aikpokpodion, 2013).
Traditional cocoa drying methods, such as sun drying and fire drying, are labor-intensive, time-consuming, and often result in inconsistent quality (Aikpokpodion, 2013). Moreover, these methods can lead to contamination, mold growth, and mycotoxin production, posing health risks to consumers (Tiefenbacher, 2015).
Solar drying, on the other hand, offers a promising alternative for cocoa drying. Solar dryers can reduce drying time, improve quality, and increase food safety (Leon et al., 2002). However, most solar dryers are designed for small-scale use and require manual labor for loading, unloading, and monitoring (Goyal, 2005).
The development of an automated solar-powered cocoa seed dryer can address these challenges. Automation can enhance efficiency, reduce labor costs, and improve consistency in drying (Kumar et al., 2018). Solar power can provide a renewable and sustainable energy source, reducing dependence on fossil fuels and mitigating climate change (IRENA, 2020) The use of solar-powered dryers has been identified as a promising solution to improve cocoa drying efficiency and quality (Goyal, 2005). Solar-powered dryers utilize solar energy to heat the air, which is then circulated through the drying chamber to dry the cocoa beans. This method offers several advantages, including reduced energy costs, improved quality, and increased efficiency (Leon et al., 2002).

2.2.1	Traditional Cocoa Drying Methods
Cocoa drying is a critical step in cocoa production, as it affects the quality and flavor of the final product. Traditional cocoa drying methods have been used for centuries, but they have several limitations.
2.2.2	Sun Drying
Sun drying is a common method used by small-scale cocoa farmers. It involves spreading cocoa beans in the sun, either on concrete patios, brick floors, or wooden trays (Afoakwa, 2010). Sun drying is a slow process that can take several days to weeks, depending on the weather conditions.
2.2.3	Fire Drying
Fire drying is another traditional method used to dry cocoa beans. It involves using fire to heat the beans, either in a drying shed or over an open flame (Aikpokpodion, 2013). Fire drying is a faster process than sun drying, but it can result in a lower-quality product due to the risk of over-heating.
[bookmark: _GoBack]2.2.4	Other Traditional Methods
Other traditional cocoa drying methods include using furnaces, kilns, and smoking (Tiefenbacher, 2015). These methods are often used in combination with sun drying or fire drying.
2.2.5	Limitations of Traditional Methods
Traditional cocoa drying methods have several limitations, including:
· Inconsistent quality: Traditional methods can result in inconsistent quality due to factors such as weather conditions, drying time, and temperature (Afoakwa, 2010).
· Labor-intensive: Traditional methods are often labor-intensive, requiring manual labor to spread, turn, and monitor the cocoa beans (Aikpokpodion, 2013).
· Dependent on weather: Traditional methods are dependent on weather conditions, which can affect the drying time and quality of the cocoa beans (Tiefenbacher, 2015).
2.3 	Solar-Powered Drying Systems
Solar-powered drying systems are an innovative solution for drying agricultural products, including cocoa beans. These systems utilize solar energy to heat the air, which is then circulated through the drying chamber to dry the cocoa beans.
2.3.1	Components of Solar-Powered Drying Systems
A typical solar-powered drying system consists of the following components:
i. 	Solar Collectors: These are panels that absorb solar radiation and convert it into heat energy.
ii. 	Drying Chamber: This is where the cocoa beans are placed to dry.
iii. 	Air Circulation System: This system circulates the heated air through the drying chamber.
iv. 	Temperature Control System: This system regulates the temperature of the drying chamber.
2.3.2	Benefits of Solar-Powered Drying Systems
Solar-powered drying systems offer several benefits, including:
i. 	Renewable Energy Source: Solar energy is a renewable and sustainable energy source.
ii. 	Energy Efficiency: Solar-powered drying systems can reduce energy costs by up to 70%.
iii. 	Improved Quality: Solar-powered drying systems can improve the quality of cocoa beans by reducing the risk of contamination and spoilage.
iv.	 Increased Efficiency: Solar-powered drying systems can increase the efficiency of the drying process by reducing the drying time.
2.3.3	Applications of Solar-Powered Drying Systems
Solar-powered drying systems can be used for drying various agricultural products, including:
i. 	Cocoa Beans: Solar-powered drying systems are particularly suitable for drying cocoa beans.
ii. 	Coffee Beans: Solar-powered drying systems can also be used for drying coffee beans.
iii. 	Fruits and Vegetables: Solar-powered drying systems can be used for drying fruits and vegetables.
2.3.4	Limitations of Solar-Powered Drying Systems
While solar-powered drying systems offer several benefits, they also have some limitations:
i. 	Weather Dependence: Solar-powered drying systems are dependent on weather conditions, which can affect the drying time and quality of the cocoa beans.
ii.	 High Initial Cost: The initial cost of setting up a solar-powered drying system can be high.
iii. 	Maintenance Requirements: Solar-powered drying systems require regular maintenance to ensure optimal performance
2.4	Design Considerations
Designing an efficient solar-powered dryer requires careful consideration of several factors, including:
i.	Solar Collector Design: 
The solar collector is responsible for absorbing solar radiation and converting it into heat energy. Various designs, such as flat plate collectors, evacuated tube collectors, and parabolic trough collectors, have been developed (Kumar et al., 2018).
ii.	Drying Chamber Design: 
The drying chamber is where the cocoa beans are placed to dry. The design should ensure uniform airflow, temperature distribution, and humidity control (Leon et al., 2002).
iii. 	Air Circulation System:
The air circulation system is responsible for circulating the heated air through the drying chamber. Various designs, such as centrifugal fans, axial fans, and natural convection systems, have been developed (Goyal, 2005).

iv. 	Temperature Control System: 
The temperature control system is responsible for regulating the temperature of the drying chamber. Various designs, such as thermostats, temperature sensors, and control algorithms, have been developed (Kumar et al., 2018).
2.4.1	Development of Solar-Powered Dryers
Several solar-powered dryers have been developed for various applications, including:
i. 	Solar Tunnel Dryer: A solar tunnel dryer was developed for drying fruits and vegetables (Leon et al., 2002).
ii. 	Solar Cabinet Dryer: A solar cabinet dryer was developed for drying cocoa beans (Goyal, 2005).
iii. 	Solar Parabolic Trough Dryer: A solar parabolic trough dryer was developed for drying agricultural products (Kumar et al., 2018).
2.4.3	Challenges and Future Directions
Despite the advancements in solar-powered dryer design and development, several challenges remain, including:
i.	 Energy Efficiency: Improving energy efficiency to reduce energy costs and increase drying capacity.
ii. 	Scalability: Developing scalable designs to accommodate large quantities of cocoa beans.
iii. 	Cost-Effectiveness: Reducing the cost of solar-powered dryers to make them more accessible to small-scale farmers
2.5	Cocoa Seed Drying Requirements
Cocoa seeds, also known as cocoa beans, require specific drying conditions to preserve their quality and flavor. The drying process is critical in removing excess moisture from the beans, which helps to prevent mold growth, fermentation, and spoilage.
2.5.1	Temperature Requirements
The ideal temperature for drying cocoa seeds is between 50°C to 60°C (122°F to 140°F) (Afoakwa, 2010). Temperatures above 60°C (140°F) can cause damage to the beans, resulting in a lower quality product.
2.5.2	Humidity Requirements
The relative humidity (RH) during the drying process should be maintained between 60% to 70% (Aikpokpodion, 2013). High humidity can lead to mold growth and fermentation, while low humidity can cause the beans to become too dry.
2.5.3	Air Circulation Requirements
Good air circulation is essential during the drying process to ensure uniform drying and prevent moisture accumulation (Tiefenbacher, 2015). A minimum air flow rate of 10 m³/h (353 ft³/h) is recommended.
2.5.4	Drying Time Requirements
The drying time for cocoa seeds depends on the initial moisture content, temperature, and humidity. Generally, the drying time ranges from 7 to 14 days (Goyal, 2005).

2.6 	Previous Work of the Study
Despite the availability of various solar-powered dryer designs, there is a lack of research on the development of solar-powered dryers specifically for cocoa seeds (Afoakwa, 2010). Existing literature focuses mainly on the drying of other agricultural products, such as fruits and vegetables (Leon et al., 2002; Goyal, 2005).
Furthermore, most solar-powered dryers are designed for small-scale use and are not suitable for large-scale commercial cocoa production (Aikpokpodion, 2013). There is a need for a scalable and efficient solar-powered dryer design that can meet the demands of commercial cocoa production.


CHAPTER THREE
3.1	MATERIAL AND METHOD 

