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CHAPTER ONE
1.0	INTRODUCTION
1.1 	Background to the study
In the primary processing of cocoa beans, drying is a critical step that follows fermentation. After fermentation, beans are dried to reduce the moisture content from about 60% to 6-8% (wb) for safe storage and transportation, as well as to reduce the astringency and bitterness of the beans. Sun-drying of fermented cocoa beans is the most widely practiced method of drying. Beans are spread on raised mats or on concrete floors during periods of sunshine and allowed to dry (Lasisi, 2014). In the West Indies, drying takes place on wooden or concrete drying floors with moveable roofs (called cocoa houses) and beans are mixed regularly by walking through the layers or raked by using a wooden palette. Depending on weather conditions, beans are sun-dried anywhere from 7 to 22 days. Slow drying in thick beds can sometimes result in over-fermentation of the beans and in mold growth while too rapid drying can result in in acidic beans with shriveling and/or case hardening of the shells (Jinap and Thien, 1994; Bonaparte et al., 1997, Sukha, 2003; Lasisi, 2014; Fagunwa et al., 2009; Zahouli et al., 2010). Irie et al. (2010) also showed that sun-dried samples were less acidic with a pH of 4.0 than oven drying at 60°C which produced a pH of 3.7. Oke and Omotayo (2011) showed that intermittent drying in an oven at 55°C produced highly acidic beans with a pH of 4.70 while the pH of sun-dried samples averaged 5.03
The use of solar energy to dry crops is nothing new in the tropics as many edible and even cash crop such as cocoa, and coffee beans have traditional been dried on racks placed in sun .Although the traditional sun drying process is common and widely embraced by all, however, the process is shown and sometimes Incomplete under unfavourable climate condition (Abdulelah All Al-Jumaah, Abdullah Mohamed Aslri, 2010). Often the drying products are subjected to noxious effects of dust, dirt, and insect infestation. As a result of Inadequacies of the open sun drying process, research effort on drying agricultural produce have been on the Increase over the years in order to develop and produce an economical effective and systemized method of Drying (A. Salaudeen, 2015). Owing to the higher level of exhaustion in the conventional energy sources such as: chemical energy, Thermal energy and petroleum energy, solar energy is rapidly becoming the main alternative source of energy. The availability and accessibility of the solar energy has greatly assisted in improving the techniques for the Preservation of agricultural products. (E.K. Akpinar and F. Kocyigit 2010)
Drying is a simple technique for preserving crops at a very low cost that might be otherwise spoilt. Although, the solar air collector is a very important component in the solar drying system, much attention has not been drawn during dryer design previously. In principle, the performance of solar dryer depends on the several operating conditions such as the climate condition, collector orientation, the thickness of the cover Material, wind speed, length and depth of the collector, and the type of material used for the absorbers (E.K. Akpinar and F. Kocyigit 2010).
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 While:
Specific Objective
This study objectives are to evaluate the quality of cocoa beans after continuous drying, investigate the effects of continuous drying on cocoa's physical, chemical, and sensory properties, and identify the optimal continuous drying conditions for maintaining high-quality cocoa beans.
1.4	Scope of the study
	The scope of this study is to design and 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.  
1.5	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. 	Design of the solar dryer 
A simple cost effective solar dryer of 10 kg capacity was designed for the drying of agricultural products. Basic parameters considered for the design of the dryer were based on the design considerations, preliminary investigations, assumptions and analysis of information on different agricultural products. The environmentally friendly materials including plywood, corrugated aluminum sheet, copper pipes, angle iron, Perspex glass, mild steel, stainless steel and an axial fan used for the construction were locally sourced. The following factors were considered in the design of the solar dryer: 
(i) 	The amount of water needed to be removed from the agricultural products 
(ii) 	The size of the of the produce to be dried at a time 
(iii) 	Construction materials for the drying chamber and tray 
(iv) 	Method of loading and unloading the material. 
(v)	 Daily solar radiation to determine energy received by the dryer per day. 
(vi)	 The quantity of air needed for drying. 

2.2. Basic theory 
The dimensions of the dryer were determined by evaluating the quantity of heat required to remove the moisture from the given quantity of wet produce to final moisture content for the safe keeping of the produce. 
The mass of water, mw to be removed during drying process is determined by using the following expression (Pardhi et Bhagoria, 2013; Akoy et al., 2012): 26 ACSM. Volume 42 – n° 1/2018 

Mathematically:
Mw = Mc (Mi -Mf )
(100 - Mf  )

where Mp, mass of the produce to be dried (kg), and mi and mf , the initial and desired final moisture content (wb). 
The heat energy (Qm) required to evaporate moisture from the product was obtained through the relation (Karlekar, 1982): 
Mathematically: 
Qm = Mp Cp dT +MwL
where Mp is the mass of the product to be dried (kg); Cp is its specific heat; Mw, mass of water removed (kg), dT, change in temperature in oC; L=2256 kJ/kg, the latent heat of vaporisation of water (Liley, 1997). 
The quantity of heat stored (kJ), Qhs, by the heat storage media can be calculated by using the relation (Bal et al., 2011; Lane, 1983; Sreekumar, 2007):
Qhs = Mhs  Chs dT
where Mhs is mass of heat storage medium (kg); Chs, specific heat of the heat storage medium kJ/kgK; and dT the difference in temperature level between which the storage operates. 
The angle of inclination (β) of the collector to the horizontal for maximum solar energy is given as (Gbaha, 2007): 
Mathematically:  (Ø – 100 ) ≤ β ≤ ( Ø + 100 ).
where ϕ is the latitude of the collector location (8.1 ˚N) 
The energy gained by the collector can be calculated by using the following relation (Gatea, 2010; Akinola et Fapetu, 2006; Gupta et Kaushik, 2008):
Mathematically: Q u = ατLAc – UL AC (Tc – Ta)
where Ac is the solar collector area (m2), I the incident insolation (W/m2), UL the overall heat loss by the collector (W/K), α the Solar absorptance, τ transmittance of absorber plate, Tc the collector temperature (K), and Ta the ambient air temperature (K). 
The heat gained by air (Qg) (Bolaji, 2011; Sevik, 2014) is given by: 
Mathematically;	Q g = ṁ a C pa (T c – T a )
where is mass flow rate of air through the dryer per unit time (kg/s) and Cpa the specific heat capacity of air (kJ/kg K) a ṁ a.  The collector heat removal factor (FR) is (Bolaji, 2011; Alta et al., 2010):
 Mathematically:
F R = Q g = ṁ a C pa (T c – T a )
          Qu 	       I c A c
The collector efficiency (ɳ) is expressed as (Sevik, 2014; Montero et al., 2010; Al- Juamily et al., 2007):
Mathematically: ŋ = ṁ a C pa (T c – T a )
			   I c A c

2.3. Experimental set up 
The designed and fabricated 10 kg capacity forced convection solar dryer shown in Figure 1 consists majorly of three units namely; the solar collector box, solar PV system (which also consists of a solar panel or cell, charge controller, inverter, and battery) and drying chamber. All contacts between these units were firmly closed to minimize infiltration losses. 28 ACSM. Volume 42 – n° 1/2018 



[bookmark: _GoBack]2.3.1	Solar collector 
The solar collector was a top-open wooden box of size 2100 х 1100 х 120 mm made from 20 mm thick plywood. The box covered with 4 mm thick glass was inclined at about 15o to the horizontal. A 2000 х 1000 mm black painted corrugated aluminium sheet placed on top of the air inlet copper pipes was insulated with 50 mm thick rock wool to prevent heat loss in the box.
2.3.2	Solar PV system 
The solar PV system consists of one 200 W solar panel, a charge controller, an inverter and 200 Amp battery. The PV system was in place to operate 30 W capacity axial fan (located in front of the air duct to suck in hot air from the solar collector and circulate within the drying chamber), a thermostat and the stirrer. 
2.33	Drying chamber 
The drying chamber comprised a Perspex glass cover with overall dimension of 1348 х 748 х 1239 mm, riveted to angle iron structural frame and having within it two compartments, one for loading tray and the other for heat storage material. In the loading area, there was a drying tray (1300 х 700 х 30) mm in dimension located directly above the heat storage material area. This drying tray was fabricated from a stainless steel plate. The diameter of the hole perforated on it was 6 mm and the distance between the holes was 6 mm to allow drying air to pass through the products. A thermostat was installed under the tray to regulate the drying chamber temperature during drying process. Two types of thermal energy storage materials (TSM) made of bricks coated black, of dimension 70 х 50 х 35 mm, were produced from termite mound and labelled as TSMA and river bank clay, labelled as TSMB. The TSM were placed at the top of a platform made from mild steel with 10 mm diameter holes drilled on it at 10 mm apart. The platform was placed on the top of the plenum chamber which was located under the drying chamber. The bricks were positioned in such a way that the free flow of convective heat to the product in the drying chamber was not hindered.
2.4. 	Performance evaluation of the dryer at no-load condition 
The no load tests using the developed solar dryer were conducted at the Teaching and Research Farm, Landmark University, Omu-Aran, Nigeria which is located at latitude 8o 8o8'N, longitude 5o 5'E. During the no-load experiments, the thermostat was disconnected from the system in order to determine the highest temperature that could be obtained by the dryer. The experiments were conducted for a total of three days. In the first two days, the experiments were conducted with TSMA and TSMB, while the third experiment was carried out on the third day without the thermal storage material. The experiments were carried out in the last week of November from 9:00 to 18:00 hr on each day to determine the critical parameters of the drying process including temperature, relative humidity and air speed at different locations within the dryer based on the available solar radiation at the experimentation site. During the tests, it was assumed that the available energy was equal to the useful energy because no product was dried and no control experiment was set up.




2.5. 	Data measurements 
Temperature and humidity of air were measured at different locations within the dryer as shown in Figures 2 using sensors DS18B20 capable of measuring temperature from –55 to +125°C (±0.5°C accuracy) and DHT22 for 0-100% humidity readings. The sensors were connected to a data logger made up of Atmel ATmega 328P type micro-controller which acts as the brain of the system, SD Card Module for mounting the memory card, a real time clock module for taking note of time and date of the day and a power bank unit which is powered by a 4400 mAH. It was configured and programmed to take readings at interval of thirty minutes (30 min). Air velocities were measured using digital anemometer (Thermo-anemometer Lutron AM4201A) and Kestrel weather meter). Data of other vital parameters such as ambient air and solar radiation were gathered from the Campbell weather station beside the experimental rig.


















CHAPTER THREE
3.1	MATERIAL AND METHOD 
The following materials will be used for the fabrication of an Automated Solar powered Cocoa Seed Dryer
1. Solar Collector (Glass)
The solar collector, constructed using glass, is responsible for capturing solar energy to heat the drying chamber. The glass material allows maximum transmission of solar radiation, ensuring the collector absorbs sufficient heat from the sun. The energy captured by the solar collector is transferred to the drying chamber to facilitate the drying of cocoa seeds.
2. Drying Chamber
The drying chamber serves as the primary enclosure where the cocoa seeds are dried. This chamber is designed to maintain optimal temperature and humidity conditions for the drying process. The internal design ensures even distribution of heat throughout the space, thereby enhancing the efficiency of the drying process. The chamber is constructed to accommodate different volumes of cocoa seeds, depending on the capacity of the dryer.
3. Drying Chamber (Loading and Unloading Unit)
The loading and unloading unit of the drying chamber is designed to allow for the easy insertion and removal of cocoa seeds. This system is essential for the smooth operation of the dryer, enabling continuous drying without disrupting the flow of materials. It can be manually or automatically operated, depending on the design of the drying system.
4. Stainless Steel Trays (3 Layers)
Stainless steel trays, arranged in three layers, are used to hold the cocoa seeds during the drying process. Stainless steel was chosen for its durability, resistance to corrosion, and ease of cleaning. The three-layer tray design allows for multiple batches of cocoa seeds to be dried simultaneously, thereby increasing the overall capacity of the dryer.

5. Blower
The blower is employed to circulate air within the drying chamber. Proper air circulation ensures that heat is evenly distributed around the cocoa seeds, preventing uneven drying and promoting efficient moisture removal. The blower also assists in regulating temperature and humidity within the chamber, contributing to the control of drying conditions.
6. Chimney
The chimney is used to expel hot air and moisture from the drying chamber. This is essential for maintaining optimal drying conditions and preventing excess humidity from compromising the drying process. The chimney ensures that the drying chamber remains well-ventilated, facilitating the expulsion of moisture and heat.
7. Support Stand (Frame)
The support stand, or frame, provides the structural integrity of the entire drying system. The frame holds the solar collector, drying chamber, blower, and other components in place, ensuring the system remains stable during operation. It is designed to withstand the mechanical stresses of daily use and provide a robust foundation for the dryer.
8. Thermohygrometer Sensor for Automation
The thermohygrometer sensor is an integral component of the automated system, used to monitor the temperature and humidity levels within the drying chamber. The data collected by the sensor allows for real-time adjustments to the drying conditions, ensuring that the cocoa seeds are dried under optimal temperature and humidity. This automation helps maintain consistent and controlled drying conditions, improving the overall efficiency of the drying process.
9. Variable Speed Control
The variable speed control system is used to adjust the speed of the blower. By regulating the airflow within the drying chamber, the speed control ensures that the drying conditions remain consistent. The ability to fine-tune the blower speed allows for adjustments based on the moisture levels of the cocoa seeds, optimizing the drying process for different batches.
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