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ABSTRACT 

Renewable energy sources such as solar energy for drying purposes in a more effective and efficient way is 

inevitable for preservation of agricultural products in developing nations with inadequate access to electricity. This 

study investigates the effects of using a solar tracking device on the energy performance of drying processes. Three 

categories of drying conditions were carried out simultaneously; for a fixed solar box dryer, a solar box dryer aided 

by a tracking device, and open air drying over an effective total drying time of 6 hours each day, for 5 days. The 

average solar intensity for the open air, fixed and tracking collector drying were determined as 156.54, 180.72 and 

186.81,       corresponding to average drying temperatures of 32.17, 43.31 and 45.93     respectively. Solar 

intensity of open air drying can be increased by as much as 15.45-19.34% if fixed and tracking solar collector 

systems are employed. Integration of a tracking device enhances the solar intensity of collectors during drying; 

which translates to accelerated drying process and drying efficiency. 
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1. INTRODUCTION 

Modern technological advancement has led to the 

development of sophisticated means of drying, 

especially for various commercial and industrial 

applications and processes. While modern drying 

methods are highly valuable with regards to being 

able to maintain very good sanitary standards and 

optimum process control, however, continuous 

reliance on electricity is a significant and unavoidable 

cost in the use of modern dryers. Drying can be 

carried out either at high temperature, such as hot air 

drying or dielectric heating, or at low temperature, 

such as in refrigeration drying, or at ambient 

temperature, such as desiccant drying; in any case 

energy consumption is involved [1]. In view of the 

high demand of energy resources and non-

sustainability of conventional energy sources, such as 

fossil fuels, it is imperative to continue to explore 

alternative methods of drying in a sustainable and 

more effective and efficient way, making use of 

renewable energy sources.  

Drying is simply a process in which agricultural 

products can be preserved for future use by removing 

enough moisture from the crops in order to avoid 

decomposition, since moisture in many categories of 

agricultural produce makes them prone to perish 

more easily, especially in tropical climatic conditions 

[2-4]. Solar energy remains a viable and economical 

means of preservation of agricultural products, since 

the heat from solar energy can be applied in either 

traditional open air drying or with specially designed 

solar thermal dryers to prevent post harvest losses 

which are a common phenomenon in many 

developing countries [5-7]. In many part of the world 

where traditional open air drying is being practiced, 

the method is found to utilize solar energy 

inefficiently, and also highly susceptible to 

contamination from the environment resulting in poor 

quality of dried products [8].  

Tremendous effort had been targeted at effectively 

exploiting solar thermal energy for drying various 

kinds of agricultural products. Such designs include; 

one layer of drying tray in which solar energy that 

falls on the dryer is trapped and directly warms the 

drying tray, such dryers have poor air flow and often 

fail to reach ideal drying temperatures on cloudy days. 
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The many layers of drying trays allows the solar 

collector to increase the heat and air flow to the 

drying chamber, unfortunately, the many layers of 

trays reduces the airflow, which often leads to uneven 

drying and moldy food [9]. Mohsin et al. [10] studied 

the prospects and performance of various design of 

solar dryer for use in Bangladesh; these included the 

natural convection solar dryers and forced convection 

solar dryers. Mohsin et al. [10] observed that the 

drying air temperature can be achieved by simply 

adjusting collector length (in solar tunnel dryer) or air 

flow rate by changing the number of fans in operation.  

In an attempt to optimize solar energy drying 

processes, design of drying systems had been 

developed by various researchers for specific 

agricultural products and geographical locations, such 

as the development of solar drying model for selected 

Cambodian fish species, determining slice thickness of 

banana (Musa spp.) for enclosed solar drying using 

solar cabinet dryer under Ethiopian condition, simple 

solar drying system for banana fruit and solar dryer 

chamber used for convective drying of sponge-cotton 

in Egypt, grain size and heat source effect on the 

drying profile of cocoa beans in Nigeria, and solar 

drying shed for cassava in Malawi [11-16]. Most of the 

solar drying systems diversely in operation are 

usually fixed in a nominal position or optimum tilt-

angle inclination to the incident solar energy 

radiation. The major limitation of a fixed solar dryer 

system is the fact that it will lose a substantial amount 

of solar energy at certain periods of the day when the 

Sun movement have shifted from the optimum 

capture position. This obvious limitation is the reason 

why this study integrates solar tracking system into 

the solar energy drying process.  

A solar tracking system is fundamentally employed to 

maximize energy extraction. This is very essential as it 

is expected to enhance performance and efficiency of 

solar energy systems which are widely used for 

domestic and industrial purposes, since the output 

power produced by solar thermal and photovoltaic 

systems is directly related to the amount of solar 

energy acquired by the system [17]. In the past, solar 

energy devices, such as solar panels where usually 

fixed in-between the geographical east and west with 

approximately 30 degrees towards the south in order 

to maximize energy extraction [18]. With advances in 

technology, solar tracking devices have been 

developed and applied to orient photovoltaic panels, 

reflectors, lenses or other optical devices toward the 

sun. This ensures that collection systems are 

adequately aligned with the Sun to maximize energy 

production, since the position of the Sun in the sky is 

constantly changing with the time of the day and the 

seasons of the year [19].  

The majority of application of solar tracking systems 

is in the area of electrical energy generation from 

solar energy. Solar tracking system is hardly used for 

solar drying purposes. The purpose of this study is to 

investigate the effect of solar tracking on the energy 

performance of a solar box dryer in comparison with a 

fixed position solar box dryer and open air drying 

processes. 

 

2. THEORETICAL FRAMEWORK 

2.1 Useful Energy Required for Drying A Unit Amount 

of A Crop 

The amount of water to be removed from crops rm (

kg ) can be calculated as [20-21] 

   
  (     )

    
                                        

Where,    is the initial mass of wet sample; while    

and    are the initial fraction and final fraction of 

moisture contents. The moisture content on wet basis 

(  ) and on dry basis (  ) are given by [22-23]: 

   
     

  
                                                               

   
     

  
                                                               

   is the dried or final mass of the sample over a time 

period. 

The useful energy ( kJ ) required for drying a unit 

amount of a crop on dry mass basis can be determined 

by [20]: 

          [(
    

    
)           

 (
     

    
)     ]                          

The first term on the right-hand side of equation (4) 

represents the useful energy required for sensible 

heating of the wet crop from ambient temperature    

to drying temperature   ; while the second term 

represents the useful energy required for the 

evaporation of moisture in the crop; and 

   representing the enthalpy of evaporation of water 

at the drying temperature. The specific heat wc  

(kJ/kg.K) of the wet sample can be estimated using a 

simple model of an unfrozen food [20, 24] given by: 

                      
                                          

where, ix is the initial mass fraction of the solids in 

the food, given by:  
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2.2 Drying Efficiency 

Assuming that heat loss from the dryer medium to the 

ambient air is negligible and heat utilized to increase 

the temperature of the product and to evaporate 

moisture from the product, hence, the drying 

efficiency d (%), at any time period is expressed as 

[25]: 

   
(             )

      
                                  

Here, the latent heat of vaporization L ( kgJ / ) was 

determined at the drying air temperature    ( K0
) 

according to ASAE as [25]: 

                                                

In (7) and (8),                   t  is the desired 

time period (3600 sec); A is surface area of the drying 

space ( 2m );    is water evaporated during a time 

period ( kg ), as stated by equation (1);    is mass of 

sample at a time period ( kg ), as stated in equations 

(2) and (3);    is specific heat of samples, as stated by 

equations (4) and (5);    is the temperature 

difference between air temperature inside the drying 

compartment  and ambient air temperature           ; 

is total solar intensity on horizontal surface        . 

Assuming the earth and collector to act as a black 

body system, then the total solar intensity of a normal 

black radiation consequence of the Stefan-Boltzmann 

law and Lambert’s law may be expressed as [  -27]: 

   
   

 
                                                      

In (9),     is the total solar intensity (W/m2),   is the 

Stefan-Boltzmann constant =     
       

    and T  is 

the Temperature of emitting surface      . The 

temperatures of tracking and fixed collectors and 

open air drying were used to estimate the 

temperature of emitting surface. 

 

3. MATERIALS AND METHOD 

3.1 Equipments and Apparatus 

3.1.1 Solar Tracking Device 

This is a device which helps to orientate a solar 

photovoltaic panel or concentrating solar reflector or 

lens or solar box dryer in the case of present study 

toward the sun.  It is most useful in varying the angle 

of solar panels and collectors to take advantage of the 

full amount of the sun’s energy  This is done by 

rotating the collector or box dryer in a direction 

perpendicular to the Sun’s angle of incidence  The 

solar tracker used in this study is a single-axis tracker 

that simply rotates about one axis, azimuthally moving 

from east to west over the course of the day. Generally 

the design of the solar tracker consists of four major 

components, namely, the supporting structure, 

electrical control, drive system and the collector 

support. The need for the tracker was to provide a 

dynamic tracking of the sun to provide effective 

collection of the solar radiation for effective drying.  

 

3.1.2 Solar Box Dryer or Collector 

The solar box dryer used in this study was designed to 

be suitable for household drying of agricultural 

products. The Box dryer has a collector area of 0.1702 

m2 and the dimension given as: length  ‘  cm’  width  

‘   cm’  and height  ‘   cm’  The dryer can 

conveniently dry about 4 kg of agricultural products in 

a single batch. The dryer design was based on thermal 

performance and product quality optimization. A 3mm 

thick glass was used as cover glazing. The top of the 

dryer was made in such a manner that the glass can be 

inserted and removed at the top of the box for 

cleaning when needed by sliding the glass into the 

space provided. This facilitates opening and closing of 

the cover glass, allowing access inside the box for 

loading and unloading the products spread on the 

tray. The dryer operated in natural draft principle. The 

dryer has a wooden tray kept inside the box for 

loading the products to be dried. The tray was 

partitioned into three compartments to enable 

different product to be dried simultaneously.  

 

3.1.3 Weighing Balance 

A weighing balance was used for measuring samples 

of dried agricultural products. This enabled the 

determination of the difference in the weight of the 

crops before and after the drying process in order to 

calculate the moisture loss during the drying period. 

 

3.1.4 Thermometer 

The purpose of the thermometer was to take the 

temperature of the drying chamber of solar box 

collector as well as the ambient temperature. This 

helps to ascertain the temperature used for drying of 

the products. Basically the range of thermometer used 

in this study varies from 0  to 110 . This was to 

enable a wide range of temperatures reading. 

 

3.2 Experimental Procedure  

The experimental set-up was carried out on two solar 

box dryers. Three categories of drying conditions 
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were carried out simultaneously for various 

agricultural products. The first condition of drying 

was carried out in a solar box dryer fixed at a tilt angle 

of approximately 10° latitude facing south to 

maximize the incident solar radiation for the domain 

of the experiment. The second condition of drying was 

carried out by placing another solar box dryer similar 

to the first one on the tracking device in order to 

capture the effective real-time optimum solar energy 

possible. The third condition of drying which serves as 

the control was the open air drying. Ambient and 

drying temperatures and initial and final masses were 

obtained for samples of dried agricultural products 

under the three drying conditions described earlier 

over an effective total drying time of 6 hours each day, 

for 5 days. The daily averages of measured data of 

dried groundnuts are presented in table 1.  

 

4. RESULTS AND DISCUSSION 

4.1 Analysis of Temperatures with Open Air Drying, 

Fixed and Tracking Collectors  

The ambient temperatures, aT  presented in table 1 

were the measured minimum daily temperatures. 

Table 1 indicates a maximum average daily ambient 

temperature on the third day, that is, at a total drying 

time of 18 hours, which resulted in an average drying 

temperature,    of 45.57 C0  and 49.00 C0  in the 

fixed and tracking collectors respectively. The non-

linearization of the drying temperature changes with 

ambient temperatures observed in table 1 could be as 

a result of other environmental factors such as air 

speed, cloud cover and humidity respectively. 

 

4.2 Solar Intensity for Drying  

The solar intensity for drying groundnuts was lowest 

for the open air drying and highest for the tracking 

collector drying as shown in Figure 1. This clearly 

indicates that higher drying temperatures were 

realised with the aid of the fixed and tracking 

collectors. The average solar intensity for the open air, 

fixed and tracking collector drying were obtained as 

156.54, 180.72 and 186.81     , corresponding to 

average drying temperatures of 32.17, 43.31 and 

45.93 C0  for the open air, fixed and tracking collector 

drying respectively. 

 

Table 1: Mass of dried samples of groundnuts under different drying conditions 

Days 

Total 
drying 
time 

(hours) 

Ambient 
temperature 

aT , ( C0
) 

Average daily drying 

temperatures, dT  ( C0
) 

Mass of dried groundnut samples (g) 

(Open 
air) 

Collector used 

Initial 
mass 

im  

Final 
mass 

fm  

Initial 
mass 

im  

Final 
mass 

fm  

Initial 
mass 

im  

Final 
mass 

fm  

(Fixed) (Tracking) (Open air) 
Collector used 

(Fixed) (Tracking) 
1 6 28 33.71 42.57 44.21 87.5 85.0 82.5 77.5 60.0 50.0 
2 12 26 29.76 39.71 41.73 85.0 83.5 77.5 75.5 50.0 45.0 
3 18 29 33.17 45.57 49.00 83.5 74.5 75.5 64.5 45.0 30.0 
4 24 28 32.26 43.86 46.71 74.5 68.5 64.5 56.5 30.0 19.0 
5 30 28 31.93 44.86 48.00 68.5 64.5 56.5 52.5 19.0 13.0 

 

 

 
Figure 1: Variation of solar intensity with total drying time 

 
Figure 2: Variation of latent heat with total drying time 
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Figure 3: Variation of useful energy with total drying time 

 
Figure 4: Variation of enhanced drying efficiency with 

total drying time 
 

4.3 Latent Heat for Drying 

The latent heat of vaporization for drying groundnuts 

was lowest for the tracking collector drying and 

highest for the open air drying as shown in figure 2. 

This indicates that latent heat was inversely 

proportional to the solar drying intensity, and as such, 

higher latent heat is required for open air drying in 

contrast to those of solar collectors; which was 

characterised by lower drying temperature 

experienced in open air drying. The average latent 

heat of vaporization for the open air, fixed and 

tracking collector drying were obtained as 2425.79, 

2399.20 and 2392.96 kJ/kg, corresponding to average 

drying temperatures of 32.17, 43.31 and 45.93 C0  for 

the open air, fixed and tracking collector drying 

respectively. 

 

4.4 Useful Energy for Drying 

The average useful energy, mass of water removed 

and drying efficiency for the open air drying were 

obtained as 1.56 kJ, 0.43 g and 0.27%; while those of 

fixed collector drying were obtained as 3.76kJ, 0.84g 

and 0.54%; and those of tracking collector drying 

were obtained as 14.84 kJ, 5.67g, and 2.11% 

respectively, corresponding to average drying 

temperatures of 32.17, 43.31 and 45.93  C0
 for the 

open air, fixed and tracking collector drying 

respectively. The useful energy, mass of water 

removed and drying efficiency were all found to vary 

correspondingly to one another.  The useful energy for 

drying groundnuts was lowest for the open air drying 

and highest for the tracking collector drying as shown 

in figure 3. Greater energy that could be utilised for 

drying was generated in the solar collectors in 

comparison with the open air drying. This resulted in 

increased rate of drying and drying efficiency 

respectively. 

 

4.5 Enhanced Drying Efficiency  

Results had shown that drying efficiency of 

agricultural products were greatly enhanced when 

solar collector dryers were used to dry agricultural 

products when compared with ordinary open air 

drying, with greater enhancement obtained in the case 

of the tracking collector. Figure 4 shows that higher 

enhanced drying efficiency was obtained with the 

tracking collector as compared with that of the fixed 

collector over open air drying. The figure 4 also shows 

that after some period of drying, higher enhanced 

efficiency may be achieved with the tracking collector 

drying over the fixed collector drying than in the case 

of fixed collector drying over the open air drying. The 

average enhanced efficiency factors were determined 

as 1.24, 2.60 and 6.65 for fixed collector over open air 

drying, tracking collector over fixed collector drying, 

and tracking over open air drying respectively.  

 

5. CONCLUSIONS 

Clean energy can be effectively generated and 

enhanced for drying agricultural and allied products 

with the use of solar collectors integrated with solar 

tracking devices. This will go a long way to saving the 

cost of conventional energy resources and mitigating 

the several problems and challenges, such as 

environmental pollution and degradation, and ozone 

layer depletion that often arise as a result of 

increasing demand and continuous use of 

conventional energy sources as fossil fuels. Solar 

intensity of open air drying can be increased by as 

much as 15.45-19.34% if fixed and tracking solar 

collector systems are employed. Increases in solar 

intensity of drying agricultural products would 

automatically translate to accelerated drying process 

and drying efficiency. Aside from the above mentioned 

benefits, agricultural products undergoing drying can 

be further prevented from unnecessary 

contaminations by microorganisms when exposed 
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directly to the atmosphere through the use of enclosed 

solar box dryers.  
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