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1.5 Justification of the study

The justification for this study is multifaceted, driven by the need to improve cocoa qu
ality, 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 contribut
ing to the development of a reliable and efficient solarpowered cocoa seed dryer with

temperature control and battery backup.

2.0 CHAPTER TWO
21.  Solar Drying of Cocoa Seeds
21.0 Introduction

The drying of cocoa seeds is a crucial step in the post-harvest processing of cocoa beans, si
gnificantly impacting the quality and flavor of the final product (Duffie & Beckman, 2013). S
olar drying offers a promising alternative to traditional drying methods, providing a controlle

d environment that can enhance the quality and efficiency of the drying process.
2.1.1  Solar Drying: A Sustainable Solution

Solar drying can improve the quality of cocoa beans by reducing moisture content and preve
nting mold growth (Kumar et al., 2016). This method also offers several benefits, including i

mproved product quality, reduced energy consumption, and increased efficiency.
21.2 Benefits of Solar Drying

¢ |mproved Product Quality: Solar drying helps preserve the nutritional quality of cocoa be

ans (Forson et al., 2017).

¢ Reduced Energy Consumption: Seclar drying reduces reliance on non+renewable energy so

urces (Kalogirou, 2014).

¢ Increased Efficiency: Solar drying can reduce drying time and improve product quality (S
hahzad et al, 2019).

2.2.0 Solar Drying Systems

Solar drying systems are designed to hamess solar energy to dry agricultural products, inclu
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ding cocoa seeds. According to Forson et al. (2017), solar drying systems can be classified i

nto several types, including direct, indirect, and mixed-mode dryers

221 Types of Solar Dryers

¢ Direct Solar Dryers: These dryers use direct sunlight to dry the product, often with a trans

parent cover to allow sunlight to enter the drying chamber.

¢ Indirect Solar Dryers: These dryers use a solar collector to heat air, which is then passed t

hrough the drying chamber to dry the product.

¢ Mixed-Mode Solar Dryers: These dryers combine direct and indirect solar drying, using bo
th direct sunlight and heated air to dry the product.

223 Design Considerations

The design of solar drying systems requires careful consideration of several factors, includi
ng climate, temperature, humidity, and air flow. According to Duffie & Beckman (2013), these

factors can significantly impact the performance and efficiency of solar drying systems.
23  Design and Development of Solar Dryers

The design and development of solar dryers require careful consideration of several factors,
including the type of solar collector, drying chamber design, and insulation. According to Pat
el & Gami (2017), the design of solar dryers should be tailored to the specific needs of the pr

oduct being dried, including temperature, humidity, and air flow requirements
231 Solar Collector Design

The solar collector is a critical component of the solar dryer, responsible for capturing solarr
adiation and converting it into heat. According to Kalogirou (2014), solar collectors can be cl

assified into several types, including flat plate, evacuated tube, and concentrating collectors.

232  Drying Chamber Design:

The drying chamber is where the product is dried, and its design should ensure uniform air fl
ow and temperature distribution. According to Duffie & Beckman (2013), the drying chamber

should be wellHinsulated to minimize heat loss and ensure efficient drying.

24 Automation in Solar Drying
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Automation in solar drying involves the use of sensors, control algorithms, and actuators to
monitor and control the drying process. According to Patel & Gami (2017), automation can i
mprove the efficiency and effectiveness of solar dryers by ensuring optimal temperature, hu

midity, and air flow conditions

241 Benefits of Automation

The benefits of automation in solar drying include improved product quality, reduced energy
consumption, and increased efficiency. According to Shahzad et al. (2019), automation can

also help reduce labor costs and improve the overall productivity of the drying process.
242 Automation Systems

Automation systems for solar drying typically include sensors to monitor temperature, humi
dity, and air flow, as well as control algonthms to adjust the drying conditions accordingly. A
ccording to Kumar et al. (2016), these systems can be designed to optimize the drying proce

ss and improve product quality

25  Performance Evaluation of Solar Dryers

The performance evaluation of solar dryers is crucial to determine their efficiency and effect
iveness in drying agricultural products. According to Hossain et al. (2019), performance eval
uation involves assessing the dryer's ability to dry products to the desired moisture content

while maintaining product quality
251 Performance Metrics

The performance of solar dryers can be evaluated using several metrics, including drying ti
me, energy consumption, and product quality. According to Kumar et al. (2016), these metric

s can help identify areas for improvernent and optimize the dryer’s performance
252 Comparison with Traditional Drying Methods

Solar dryers can be compared with traditional drying methods, such as sun drying or mecha
nical drying, in terms of performance, energy efficiency, and product quality. According to Sh
ahzad et al. (2019), solar dryers can offer several advantages over traditional drying method

s, including improved product quality, reduced energy consumption, and increased efficiency.

26  EconomicFeasibility of Sclar Dryers
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The economic feasibility of solar dryers is a critical factor in determining their adoption and
widespread use. According to Kumar et al. (2016), a costbenefit analysis is essential to eval
uate the economic viability of solar dryers. The analysis should consider factors such as init
ial investment costs, operating costs, and potential benefits, including improved preduct qua

lity and reduced energy consumption.

26.1 Cost-Benefit Analysis:

A cost-benefit analysis of solar dryers involves evaluating the costs and benefits associated
with their adoption. According to Patel & Gami (2017), the costs include initial investment co
sts, maintenance costs, and operating costs, while the benefits include improved product qu

ality, reduced energy consumption, and increased efficiency.
26.2 Econcmic Indicators

Economic indicators such as net present value (NPV), intemal rate of retum (IRR), and payba
ck period (PBP) can be used to evaluate the economic feasibility of solar dryers. According t
o Forson et al. (2017), these indicators can help determine whether the investment in a solar

dryer is economically viable.

2.7.0 Environmental Impact of Solar Dryers

The environmental impact of solar dryers is a critical consideration in their design and imple
mentation. According to Forson et al. (2017), solar dryers offer several environmental benefi

ts, including reduced greenhouse gas emissions and energy savings
27.1  Environmental Benefits

The environmental benefits of solar dryers include reduced reliance on fossil fuels, lower en
ergy consumption, and decreased greenhouse gas emissions. According to Kalogirou (201
4), solar dryers can also help reduce the environmental impact of traditional drying methods,

which often rely on non+enewable energy sources.
272 Environmental Concerns:

While solar dryers offer several environmental benefits, there are also some environmental c
oncerns to consider. According to Duffie & Beckman (2013), the materials used in the constr

uction of solar dryers, such as metals and plastics, can have environmental impacts associa

—

ted with their production and disposal



CHAPTER THREE
31  MATERIAL AND METHOD

The following materials will be used for the fabrication of an Automated Solar powered Cocoa See

d Dryer
1. Solar Collector (Glass)

The solar collector, constructed using glass, is responsible for capturing sclar energy to heat the dr
ying chamber. The glass material allows maximum transmission of solar radiation, ensuring the co
llector absorbs sufficient heat from the sun. The energy captured by the solar collector is transferre

d to the drying chamber to facilitate the drying of cocoa seeds.

2. Drying Chamber
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The drying chamber serves as the primary enclosure where the cocoa seeds are dried. This chambe
ris designed to maintain optimal temperature and humidity conditions for the drying process. The |
ntemal design ensures even distribution of heat throughout the space, thereby enhancing the effici
ency of the drying process. The chamber is constructed to accommeodate different volumes of coc

oa 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 a
nd 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 ope

rated, 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 pr
ocess. Stainless steel was chosen for its durability, resistance to corrosion, and ease of cleaning. T
he threedayer tray design allows for multiple batches of cocoa seeds to be dried simultaneously, th

ereby increasing the overall capacity of the dryer.

5. Blower

The blower is employed to circulate air within the drying chamber. Proper air circulation ensures tha
t heat is evenly distributed around the cocoa seeds, preventing uneven drying and promoting efficie
nt moisture removal. The blower also assists in regulating temperature and humidity within the cha

mber, 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 m
aintaining optimal drying conditions and preventing excess humidity from compromising the dryin
g process. The chimney ensures that the drying chamber remains well-ventilated, facilitating the ex

pulsion 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 syste
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m remains stable during operation. It is designed to withstand the mechanical stresses of daily use

and provide a robust foundation forthe dryer.
8. Thermohygrometer Sensor for Automation

The thermohygrometer sensor is an integral component of the automated systemn, used to monitor
the temperature and humidity levels within the drying chamber. The data collected by the sensor all
ows for realime adjustments to the drying conditions, ensuring that the cocoa seeds are dried und
er optimal temperature and humidity. This autormation helps maintain consistent and controlled dr

ying 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 requlating the airflo
w within the drying chamber, the speed control ensures that the drying conditions remain consisten
t The ability to fine-tune the blower speed allows for adjustments based on the moisture levels of t
he cocoa seeds, optimizing the drying process for different batches.

References

Afoalwa, E. O, Paterson, A, Fowler, M., & Ryan, A (2008). Flavor formation and character in cocoa and chocol

ate: A critical review. Critical Reviews in Food Science and Mutrition, 48(9), 840-857. PMid 18788009 View Article
Pubhed /NCE|

World Cocoa Foundation. (2012).

Zahouli, G. |, Guehi, 5. T., Fae, &. M., Ban-Koffi, L., & Nemlin, J. G. {2010). Effect of drying meth-ods on the chem
ical guality traits of cocoa raw ma-terial. Advance journal of food science and technol-ogy, 2(4), 184-190.

*References*

Patel, H. A, & Gami, B. R. (2017). "Design and Development of an Automated Solar Dryer for Agricu
ltural Products” _Intemational Joumal of Agricultural Engineering_, 10(2), 343-350.

Kalogirou, S. A. (2014). _Solar Energy Engineering: Processes and Systems_ Academic Press.

Duffie, J. A, & Beckman, W. A (2013). _Solar Engineering of Thermal Processes_. John Wiley & So

ns.

Patel, H. A, & Gami, B. R. (2017). "Design and Development of an Automated Solar Dryer for Agricu
ftural Products.” _Intemational Joumal of Agricultural Engineering_, 10(2), 343-350.

Shahzad, K., et al. (2019). "Design and Development of an Automated Solar Dryer for Food Product
s." _Renewable Energy_, 136, 1284-1293.

l [



L

Kumar, M, et al. (2016). "Design and Development of a Solar Dryer for Food Products.” _Journal of
Food Science and Technology_, 53(4), 2119-2128.

Hossain, M. A, et al. (2019). "Effect of Solar Drying on the Quality of Cocoa Beans." _Journal of Fo
od Processing and Preservation_ 43(10), e14134.

Kumar, M, et al. (2016). "Design and Development of a Solar Dryer for Food Products.” _Journal of
Food Science and Technology_, 53(4), 2119-2128.

Shahzad, K., et al. (2019). "Design and Development of an Automated Solar Dryer for Food Product
s." _Renewable Energy_, 136, 1284-1293.

Kumar, M, et al. (2016). "Design and Development of a Solar Dryer for Food Products.” _Journal of
Food Science and Technology_, 53(4), 2119-2128.

Patel, H. A., & Gami, B. R. (2017). "Design and Development of an Automated Solar Dryer for Agricu
ftural Products” _Intemational Joumal of Agricultural Engineering_, 10(2), 343-350.

Forson, F. K., et al. (2017). "Solar drying of cocoa beans: A review." _Joumal of Food Engineering_,
196, 115125.

Forson, F. K., et al. (2017). "Solar drying of cocoa beans: A review." _Joumal of Food Engineering_,
196, 115125.

Kalogirou, 5. A. (2014). _Solar Energy Engineering: Processes and Systems_ Academic Press.

Duffie, J. A, & Beckrman, W. A. (2013). _Solar Engineering of Thermal Processes_. John Wiley & So

ns.
References
Duffie, J. A, & Beckman, W. A& (2013). _Solar Engineering of Thermal Processes_. John Wiley & Sons.

Kumar, M., etal (2018). "Design and Development of a Solar Dryer for Food Products.” _Journal of Food Sci

ence and Technology_, 53(4), 2119-2128.

Forsen, F. K., et al. (2017). "Selar drying of cocoa beans: A review.” _Jlournal of Food Engineering_, 196, 115
125.

Kalogirou, 5. A (20714). _Sclar Energy Engineering: Processes and Systems_ Academic Press.

—



L

Shahzad, K., et al {2019). "Design and Development of an Automated Solar Dryer for Food Products” _Rene
wable Energy_ 136, 1284-1293,

Patel H. &, & Gami, B. R. (2017). "Design and Development of an Automated Solar Dryer for Agricultural Pro

ducts.” _International Journal of Agriculiural Engineering_, 10{2), 343-350.

Forson, F. K., et al. (2017). "Solar drying of cocoa beans: A review.” _lournal of Food Engineering_, 196, 115
125.

Kalogirou, 5. A (20714). _Solar Energy Engineering: Processes and Systems_ Academic Press.

Duffie, J. A, & Beckman, W. A. (2013). _Sclar Engineering of Thermal Processes_. John Wiley & Sons.



