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Abstract 
The energy and exergy analysis of an indirect-mode natural convection solar dryer for maize grain is presented. 
Two different sizes of maize grain bed depths of 0.04 m and 0.02 m translating into grain loads of 10 kg and 5 kg 
respectively, are used in the study to determine their effects on the collector energy and exergy efficiencies and 
the drying chamber exergy efficiency. Experiments were carried out using an indirect-mode laboratory solar 
dryer under a solar simulator with a radiation setting of 634.78 W/m2. The analysis gave average collector 
energy efficiencies of 33.3 % and 46.2 % for the 10 kg and 5 kg loads, respectively, which are higher than the 
collector exergy efficiencies of 2.4 % and 2.6 % for the 10 kg and 5 kg loads, respectively. The drying chamber 
exergy efficiencies are 45.2 % and 28.4 % for the 10 kg and 5 kg loads, respectively. In view of this, the 5 kg 
load is considered to be more efficient at extracting energy from the collector due to higher air flow resulting 
from its relatively thin grain bed depth of 0.02 m, but less efficient in utilising the extracted energy to evaporate 
moisture from the grain which has resulted in a lower drying chamber exergy efficiency. Further, the exergy loss 
in the drying chamber for the 5 kg load is higher than that in the 10 kg load as 72.3 % of the exergy entering the 
drying chamber is lost through emissions as well as destroyed through internal irreversibility compared to 57.0 % 
for the 10 kg load.  
Keywords: energy and exergy, indirect- mode, natural convection, solar dryer, maize 
1. Introduction 
Solar dryers can be classified according to the method of heat transfer to the drying material as indirect through 
convection of hot air from a solar air heater to the material (Boulemtafes-Boukadoum & Benzaoui, 2011), direct 
through solar radiation on to the material (Simate & Ahrné, 2006), mixed-mode through a combination of direct 
radiation and hot air to the material (Simate, 1999), or through a combination of direct radiation and conduction 
of heat from a solid tray where the drying material is placed (Daud & Simate, 2017). Solar dryers can further be 
classified in terms of air flow as natural (free) convection (Berinyuy, Tangka & Weka Fotso, 2012; Adelaja & 
Babatope, 2013; Panwar, Kaushik & Kothari, 2016; Simate & Cherotich, 2017) or forced convection 
(Bennamoun, 2012). Despite the difficulties in quantitative understanding of the drying processes, such as 
non-linear physical processes and material transport properties that are highly dependent on moisture content and 
temperature, exergy analysis is effective in providing optimal solutions to drying problems (Dincer & Rosen, 
2007). Kumar, Ranjan, Prakash and Shukla (2017) reported that several studies have been done on exergy of the 
different types of solar dryers with the aim of reducing losses so that the resources can be utilized to the 
maximum, thereby realizing economic benefits. They concluded that exergy analysis gave better performance 
evaluation of solar dryer system and that important information regarding processes, losses and causes of 
destruction could be obtained.  
The work potential of a given source of energy which is referred to as the quality of that energy, is dealt with by 
the second law, while the quantity of energy is dealt with by the first law of thermodynamics (Hepbasli, 2008). 
Dincer and Rosen (2007) define the exergy of a system as the maximum shaft work that can be done by the 
system and a reference environment. Akpinar (2018) has noted that the exergy efficiency of solar drying systems 
is used frequently as an indicator for their sustainability as it shows the level of use of the exergetic inputs within 
the process. Boulemtafes-Boukadoum and Benzaoui (2011) carried out energy and exergy analysis of the mint 
drying process in an indirect solar dryer operating in natural convection mode and in a discontinuous way. The 
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The spectral range for CSI lamps is 0.3 – 2 μm and falls within that of the sun (0.3 – 2.8 μm). In this study, 11 
lamps were used to provide an intensity of 634.78 W/m2 (standard deviation 57.72 W/m2) on the solar collector. 
The solar collector area was divided into a grid of 20 positions which gave 20 pyranometer readings. Each 
pyranometer reading was an average of 20 readings taken at intervals of 15 seconds over a period of 5 minutes. 
The pyranometer (type W6500 Casella) connected to a Solartron digital multimeter (type 7150 plus) was used to 
measure the total (beam and diffuse) irradiance falling on the collector. The multimeter gave readings in volts 
that were then multiplied by the calibration constant of 1.158 to give the intensity in W/m2. This pyranometer 
was useful in setting up the solar simulator to give a uniform intensity on the collector area which required fine 
adjustment of the lamp angles. The accuracy of the Casella W6500 was checked against a Kipp and Zonen 
pyranometer (model: CM11, irradiance range: 0 – 1,400 W/m2, sensitivity: 4 - 6 𝜇V/Wm−2). The reading from 
the Kipp and Zonen pyranometer was slightly higher by 4.69 %, and therefore the readings from the Casella 
were considered accurate. 
The other instruments used in the experiments include thermocouples, mercury in glass thermometers, computer, 
data logger and weighing scale. Mercury in glass thermometers (accuracy ±1 % of full scale reading) placed at 
position 1 (Figure 1), were used to measure ambient temperature, while temperatures in the solar dryer were 
measured with copper and copper/constantan type-T thermocouples (measurement range: -200 to 350 °C; 
sensitivity: 43 µV/°C; accuracy: ± 0.75 %) at positions 2, 3 and 4 as shown in Figure 1. For the temperature at 
position 4, thermocouple junctions were inserted into tightly fitting holes drilled into grain kernels and placed at 
the bottom, middle and top of the grain bed, and the average temperature was then used in the analysis. All the 
thermocouples were connected to a computer via a data logger (Campbell Scientific CR10X) and adapter (type 
Isolated Measurement Pods – IMP PC adapter SCHLUMBERGER 35951 A). The thermocouple voltages were 
converted into digital form by an analogue to digital converter so that they could be read, recorded and displayed 
on the computer screen.  
The moisture content of grain before each experiment was determined using the standard ventilated oven at  
130 ℃ for 38 hours for maize (BS4317 Part 15, 1981 and ISO 6540, 1980-E). The moisture content of the 
sample on wet basis was calculated as the ratio of the change in weight of the sample after 38 hours, to the initial 
weight of the sample. Six grain samples were taken for the initial moisture content determination and the 
differences between the moisture contents of the samples were less than 0.5 % w.b. The grain samples were 
weighed with an electronic balance, 1507MP8 Satorius Instruments Ltd. Features of the Sartorius 1507 MP8 
Balance, include: Capacity resolution: 5550 x 0.01 g, Linearity: 0.02 g, Range capability: single, Calibration 
weight: 5000 g, Corner test weight: 5000 g, Corner tolerance: 0.04 g, Preload tolerance: -150 ± 20mV and 
Calibration weight class: F1. 
The drying procedure involved loading the required mass of wet grain (10 kg or 5 kg) on the tray. A mechanical 
balance (Avery 1303 BDL/5049) was used to weigh the grain. The weighing was done by adding some counter 
weights and bringing the balance reading to zero before putting it into the dryer. Part of the counter weights was 
an open box containing lead shot. With each lead shot weighing only a few grams, it was possible to get an 
accurate zero reading on the balance. The wet grain was spread as evenly as possible to make it level, taking care 
to avoid compacting the grain. Compacting the grain would produce unequal void spaces in the grain bed at 
different locations that could result in non-uniform air flow and drying. The drying started the moment the tray 
was loaded into the dryer because the solar simulator lights were switched on one hour before the start of each 
experiment so as to bring the temperature of the dryer to an almost steady state value. At thirty-minute intervals, 
the tray was removed from the dryer and put on the balance and the reading brought back to zero by removing 
some lead shot from the counter weight. The weight of lead shot removed in order to bring the balance to zero 
after each thirty-minute drying interval gave the weight loss (moisture removed) for that interval. The removed 
lead shot was weighed on the electronic balance (1507MP8, Satorius Instruments Ltd). With the knowledge of 
the moisture content of grain at the beginning of the drying experiment, the amount of moisture in the 10 kg or 5 
kg load of grain was determined. Then for each successive thirty-minute interval, the amount of moisture 
remaining in the load of grain was determined. The moisture content at the end of each interval was calculated as 
the ratio of the weight of moisture remaining in the reduced load, to the weight of the reduced load for that 
interval. 
The temperatures at various sections of the solar dryer at different times of the drying process were used to 
calculate the buoyancy pressure. The air flow through the dryer was consequently determined by balancing the 
buoyancy pressure with the flow resistance in the solar dryer. This procedure is described by an air flow model 
presented by Simate (2020) who validated it with measured air flow from a separate experiment done by Simate 
(1999) under the same setting of the solar simulator of 634.78 W/m2. The separate experiment to measure air 
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flow did not involve removal of the tray containing the maize grain for weighing, as it would have introduced 
cooler air into the solar dryer and caused the buoyancy pressures and the air flow to reduce. Since the 
experiments were performed indoors, the effect of external wind velocity on the air flow inside the solar dryer 
was considered to be very small and therefore negligible. 
2.3 Energy 
The energy entering the solar collector (ENsol-in-col) is determined from the incident solar energy received by the 
collector and is given by equation (1) (Duffie & Beckman, 2013), 𝐸𝑁௦௢௟ି௜௡ି௖௢௟ = 𝐴௖௢௟ ∗ 𝐼௦௢௟                                    (1) 
Where:  Acol is the area of the solar collector, m2  
 Isol is the incident solar radiation, W/m2 
The energy exiting the solar collector (ENout-col) is the useful gain of the solar collector based on the air inlet and 
outlet temperatures and the air flow; it is given by equation (2) (Duffie & Beckman, 2013),   𝐸𝑁௢௨௧ି௖௢௟ = 𝑀௔ ∗ 𝐶௣ (𝑇௘௫௜௧ି௖௢௟ − 𝑇௜௡ି௖௢௟)                       (2) 
Where:  Ma is the mass air flow rate, kg/s  
 Cp is the specific heat capacity of air, J/kg ℃ 
 Texit-col is the collector exit temperature, ℃ 
 Tin-col is the collector inlet temperature, ℃ 
The specific heat capacity of air (Cp = Cpa + Cpv H) has two components; the first one is the specific heat of dry 
air Cpa, while the second one is the product of specific heat of water vapour Cpv, and humidity ratio H (Bala & 
Woods, 1994). Typical humidity ratios found in this work were around 0.009 kg water/kg dry air. The 
contribution of the second component to the specific heat capacity of air was therefore considered negligible.  
As the solar collector receives energy, some of this energy is lost to the ambient air through the combined 
convection and radiation resulting in reduced energy output from the collector. Consequently the solar collector 
energy efficiency (ENeff-col) is given by equation (3), 𝐸𝑁௘௙௙ି௖௢௟ = 𝐸𝑁௢௨௧ି௖௢௟/𝐸𝑁௦௢௟ି௜௡ି௖௢௟                          (3) 
2.4 Exergy 
The exergy entering the collector has two components; the exergy of heat absorbed due to solar radiation and the 
exergy of the air entering the collector at inlet (Jafarkazemi & Ahmadifard, 2013). The exergy content of the heat 
transfer is described by the energy transferred, the temperature of the boundary and the atmospheric reservoir 
temperature (Bejan, 2016). Therefore, the inlet exergy into the collector due to solar radiation (EXsol-in-col) is 
given by equation (4) 𝐸𝑋௦௢௟ି௜௡ି௖௢௟ = 𝐴௖௢௟ ∗ 𝐼௦௢௟(1 − (𝑇௔௠/𝑇௦௢௟))                     (4) 
Where: Tam is the ambient temperature, K  
Tsol is the temperature of the solar simulator. The simulator produces illumination that matches the spectra 
typically for temperatures in the range 5,000 K to 6,000 K. 
(https://g2voptics.com/solar-simulation/#:~:text=The%20metal%20halid). An average value of 5,500 K was 
used in this analysis. 
The exergy of a flowing stream of matter (EXflow) can be expressed in terms of physical (EXph), chemical (EXch), 
kinetic (EXkn) and potential (EXpo) components by equation (5), (Dincer & Rosen, 2007).  𝐸𝑋௙௟௢௪ = 𝐸𝑋௣௛ + 𝐸𝑋௖௛ + 𝐸𝑋௞௡ + 𝐸𝑋௣௢                        (5) 
For an ideal gas, Benjan (2016) gives a simplified equation for the specific flow exergy (ex) as given by equation 
(6) 𝑒௫ = 𝑐௣𝑇௢ ቀ ்்೚ − 1 − 𝑙𝑛 ்்೚ቁ + 𝑅𝑇𝑙𝑛 ௉௉೚                            (6) 

Assuming that the change in pressure between the inlet and outlet of the solar dryer is negligible and 
incorporating the mass air flow, equation (6) is simplified to equations (7) and equation (8) and used to calculate 
the exergy of air at inlet and outlet of the solar collector, respectively. The exergy of air entering the collector 
(EXair-in-col) is based on the collector inlet temperature (Tin-col) and is given by equation (7): 
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𝐸𝑋௔௜௥ି௜௡ି௖௢௟ = 𝑀௔ 𝐶௣ [𝑇௜௡ି௖௢௟ − 𝑇௔௠ − 𝑇௔௠ 𝑙𝑛 ቀ𝑇௜௡ି௖௢௟ 𝑇௔௠ൗ ቁ]                    (7) 

The exergy of air coming out of the collector (EXair-out-col) is based on the collector outlet temperature (Tout-col) 
and is given by equation (8): 𝐸𝑋௔௜௥ି௢௨௧ି௖௢௟ = 𝑀௔ 𝐶௣ [𝑇௢௨௧ି௖௢௟ − 𝑇௔௠ − 𝑇௔௠ 𝑙𝑛 ቀ𝑇௢௨௧ି௖௢௟ 𝑇௔௠ൗ ቁ]                  (8) 

The exergy efficiency of the solar collector (EXeff-col) is the ratio of the increase in air flow exergy to the exergy 
input into the collector from solar radiation (EXsol-in-col). It is given by equation (9) (Zhong et al., 2014).  𝐸𝑋௘௙௙ି௖௢௟ = (𝐸𝑋௔௜௥ି௢௨௧ି௖௢௟ − 𝐸𝑋௔௜௥ି௜௡ି௖௢௟)/𝐸𝑋௦௢௟ି௜௡ି௖௢௟                    (9) 
The exergy of air entering the drying chamber (EXin-dch) is the same as that coming out of collector and is given 
by equation (8). The exergy of air entering the drying chamber is equal to the sum of the different exergies in the 
drying chamber and is given by equation (10) (Dincer & Rosen, 2007),  𝐸𝑋௜௡ିௗ௖௛ =  𝐸𝑋௣௥௢ௗ௨௖௧ + 𝐸𝑋௪௔௦௧௘ + 𝐸𝑋ௗ௘௦௧௥௨௖௧௜௢௡                       (10) 
The exergy emitted with waste to the outside of the dryer (EXwaste) and the exergy destruction due to internal 
irreversibility (EXdestruction), together constitute the exergy loss in the drying chamber (EXloss). 
For a natural convection solar dryer, the exergy output in the product (EXproduct) is the rate of heat consumed in 
evaporating moisture from the grain and is determined by equation (11) (Kumar et al., 2017), 

𝐸𝑋௣௥௢ௗ௨௖௧ = 𝑄௘௩௔௣ ൮1 − 𝑇௔௠ 𝑇௚௥௔௜௡ି௕௘ௗ൘ ൲                         (11) 

Where: Qevap is the heat used for evaporation of moisture from the grain, J/s; and is given by equation (12). 
mevap is the rate of moisture evaporation, kg/s. 
hfg is the latent heat of vaporisation, J/kg; evaluated at the temperature in the grain bed, Tgrain-bed. 𝑄௘௩௔௣ = 𝑚௘௩௔௣ℎ௙௚                                    (12) 
The exergy efficiency of the drying chamber is the ratio of the exergy input for evaporation of moisture in the 
grain to the exergy of drying air supplied (Dincer & Rosen, 2007; Hepbasli, 2008), and is given by equation (13), 𝐸𝑋௘௙௙ିௗ௖௛ = 𝐸𝑋௣௥௢ௗ௨௖௧/𝐸𝑋௜௡ିௗ௖௛                             (13) 
3. Results and Discussion 
Figure 2 shows the temperatures at various locations of the solar dryer for the 10 kg and 5 kg loads from the 
drying experiments. The average temperature rise in the collector (difference between air temperature at 
collector exit and inlet) for the 10 kg load is 36.89 ⁰C whereas that for the 5 kg load is 31.78 ⁰C. The temperature 
rise for the 10 kg load is higher due to lower air flow in this load. For both loads, the air temperature in the grain 
bed increases from a value equal to the ambient temperature to the maximum at the end of drying.  
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Figure 2. Temperatures at various positions in the solar dryer for the 10 kg and 5 kg loads from Simate (1999) 

Figure 3 shows the variation of air flow with drying time in the solar dryer for 10 kg and 5 kg loads as 
determined by the air flow model (Simate, 2020) using temperature values from Figure 2. The air flow values 
were used in the calculations of energy and exergy. The mass air flow for the 10 kg load varies from 0.0045 kg/s 
at the start of drying to 0.0077 kg/s at the end of drying, whereas for the 5 kg it is from 0.0074 kg/s to 0.0117 
kg/s. The average air flow in the 5 kg load is higher than that in the 10 kg load by 64.1 %. The higher air flow in 
the 5 kg load is due to the reduced resistance to air flow by the 5 kg grain bed as its thickness is half that of the 
10 kg bed. 

 

Figure 3. Air flow in the solar dryer for 10 kg and 5 kg loads calculated using air flow model presented by 
Simate (2020) 

Figure 4 shows the variation of moisture content with drying time from drying experiments done by Simate 
(1999). The initial moisture contents are 25.3 % and 24.7 % for the 10 kg and 5 kg loads, respectively. The 
moisture contents reached after six hours of drying are 13.99 % and 12.56 % for the 10 kg and 5 kg loads, 
respectively, and are slightly higher than the 12.5 % value that is recommended for safe storage of maize. It is 
worth noting that the drying could have continued beyond the six hours period and the grain could have attained 
moisture content of less than 12.5 %. Nonetheless, these reductions in moisture contents obtained during the 
six-hour period, represent significant amounts of moisture evaporated from the grain and are considered 
adequate for this analysis. The drying curves are quite similar with the moisture contents not very different from 
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each other and reducing by 11.3 % and 12.1 % for the 10 kg and 5 kg loads, respectively. The moisture 
evaporated is used in the calculation of the exergy of evaporation in the drying chamber.  

 

Figure 4. Moisture content of grain from Simate (1999) 
Figures 5 shows the energy and exergy efficiencies of the solar collector in the 10 kg and 5 kg loads against 
drying time. The energy extracted in the 5 kg load is higher than that in the 10 kg load despite the solar collector 
receiving the same amount of energy from the solar simulator during the two experiments. This can be attributed 
to the higher air flow in the 5 kg load since air flow is related to heat transfer from the collector absorber surface 
to the air. The energy efficiency range is from 32.0 to 49.7 % for the 5 kg load and 19.5 to 39.5 % for the 10 kg 
load. The low energy efficiency values seen in the early stages of drying could be attributed to more energy 
being used in sensible heating of the collector to bring it to its operating temperature. The values found in this 
work are comparable to what other researchers found. Boulemtafes-Boukadoum and Benzaoui (2011) obtained 
values ranging from 10 to 30 % with flow under the absorber in natural convection solar drying of mint. 
Bennamoun (2012) used a forced convection solar collector with flow under the absorber and found the 
efficiency was variable and could reach as high as 60 %. The efficiency was found to be strongly dependent on 
the absorbed radiations and collector outlet temperatures. Oztop, Bayrak and Hepbasli (2013) reviewed a number 
of studies on solar air heaters with various heat transfer enhancement techniques and found that their energy 
efficiencies were in the range of 47 to 89 %. 
Figure 5 also shows the exergy efficiency plotted against drying time. The average exergy efficiencies are 2.4 % 
and 2.6 % for the 10 kg and 5 kg loads respectively, and are lower than the energy efficiencies. Tiwari, Des, 
Chen and Barnwel (2009) in the greenhouse drying of fish, and Subramani, Dana, Natesan, and Leo (2020) in 
the greenhouse drying of ivy gourd and turkey berry, also found that the exergy efficiency was lower than the 
energy efficiency and attributed this to some of the input exergy being destroyed due to irreversibility.  
It is further noted in Figure 5 that the exergy efficiencies in the two loads are almost equal even though the 
collector energy efficiency in the 5 kg load is higher than that in the 10 kg load. The 5 kg load extracts more 
energy from the collector due to higher air flow, but this does not translate into a corresponding higher 
magnitude of exergy efficiency compared to the 10 kg load as the two exergies are similar, differing by 0.2 %. 
This implies that the work potentials of the collectors in both loads are the same. This is reasonable since the 
study is dealing with the same solar dryer operating under similar conditions of solar intensity except carrying a 
different load for each experiment. Jafarkazemi and Ahmadifard (2013) observed that energy and exergy 
efficiencies have conflicting behaviours, noting that an increase in mass flow rate causes an increase in energy 
efficiency of the collector while it causes a decrease in the exergy efficiency. Optimizing the dryer based on 
exergy would show how sensitive exergy is to the mass air flow and collector exit temperature. Both air flow and 
collector exit temperature are important factors in the drying of grain; the air exiting the collector being at a 
higher temperature than the grain, evaporates moisture from the grain while the same air, due to its motion, takes 
the evaporated moisture to the outside of the dryer. According to Benjan (2016), a system’s ability to produce 
work is affected by the temperature of the boundary crossed by the heat if it differs from the atmospheric 
temperature. For a natural convection solar dryer, the grain depth affects the air flow and temperature of air at 
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collector exit differently. Thus a reduction in grain bed thickness increases air flow rate in the dryer due to a 
lower pressure drop across the grain bed, while the temperature at collector exit decreases.  

 

Figure 5. Energy and Exergy Efficiencies of the Solar Collector 
Figure 6 shows the different exergies in the drying chamber, i.e. air inlet, product (evaporation) and loss inside, 
plotted against drying time for the 10 kg and 5 kg loads. For both loads, the air inlet exergy is low in the early 
stages of drying because the air being supplied to the drying chamber from the collector has a lower temperature. 
A big quantity of the energy received by the collector is used to raise the collector temperature hence air with 
lower temperature being supplied to the drying chamber in the early stages of drying.  
The product exergy reaches a maximum at about 1.5 to 2 hours from the start of drying due to increased rate of 
evaporation, before reducing gradually towards the end of drying due to reduced evaporation as the grain dries 
and less energy is utilised in evaporation. In general, the 5 kg load has a lower product exergy due to less 
moisture evaporated compared to the 10 kg load.  
The 5 kg load exhibits a higher exergy loss compared to the 10 kg load. This can be attributed to more emissions 
to the surroundings as hot air from the collector is not fully utilised in removing moisture from the grain. The 
smaller grain surface area for the 5 kg load, compared to the 10 kg load, translates into less amount of heat 
transferred from the hot air to the grain resulting in less moisture evaporated from the grain. The unutilised heat 
is then lost to the surroundings.  
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Figure 6. Exergy of the Drying Chamber 
Figure 7 shows the exergy efficiency in the drying chamber based on the moisture evaporated from the grain. 
The 10 kg load has a higher exergy efficiency as a result of higher evaporation of moisture from the grain bed. It 
can be seen that there is an increase in exergy efficiency during the first 1.5 hours of drying followed by gradual 
reduction up to the end of drying. The increase in exergy in the early stages of drying may not be rapid because 
the drying was done under constant radiation intensity of the solar simulator. However, Arepally, Ravula, Malik, 
and Kamidi (2017) found a sharp increase in exergy efficiency during the first half of the day and a sharp decline 
during the second half of the day in the drying of tomato slices in a mixed mode natural convection solar dryer. 
The variation of the exergy efficiency followed the changes in the solar radiation intensity.  

 

Figure 7. Exergy Efficiency of the Drying Chamber 
Table 1 shows the average energy and exergy efficiencies in the solar collector and drying chamber and the 
magnitude of the different exergies in the drying chamber for the 10 kg and 5 kg loads. The collector energy 
efficiency in 5 kg load is higher than that in the 10 kg load by 12.9 %, while in terms of exergy efficiency, it is 
only higher by 0.2 %. It can be seen that the 5 kg load is more efficient at extracting energy from the collector 
but less efficient in utilising the extracted energy to evaporate moisture from the grain which has resulted in a 
lower drying chamber exergy efficiency. It can also be seen that the exergy loss in the drying chamber for the 5 
kg load is higher than that for the 10 kg load. The 5 kg load has a lower exergy of product (evaporation) than the 
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10 kg. In both loads, the exergy loss is higher than the exergy of product which implies that less exergy was used 
for moisture evaporation as most of the exergy was lost due to irreversibility and as waste. 
Table 1. Average Energy and Exergy Parameters in the Collector and Drying Chamber  

Parameter 10 kg load 5 kg load 
Solar Collector Energy Efficiency, % 33.3 46.2 
Solar Collector Exergy Efficiency, % 2.4 2.6 
Exergy of Air entering the Drying Chamber, J/s 17.2 18.8 
Exergy of Product, J/s 7.4 5.2 
Exergy Loss in the Drying Chamber, J/s 9.8 13.6 
Drying Chamber Exergy Efficiency, % 45.2 28.4 

4. Conclusion 
In this work energy and exergy analysis is performed on the indirect mode solar dryer operating under natural 
convection with air flow over the absorber and using two different loads of maize grain of 5 kg and 10 kg. The 
temperatures at various locations, i.e. ambient, collector inlet, collector outlet/drying chamber inlet and, grain 
bed obtained from the drying experiments, and air flow calculated using a model, are used in the calculations for 
energy and exergy.  
The energy efficiency in the collector for the 5 kg load is higher than that in the 10 kg load, and this can be 
attributed to the higher air flow in the 5 kg load since air flow is related to heat transfer from the collector 
absorber surface to the air. 
Although the collector for the 5 kg load has a higher energy efficiency than the 10 kg load, this does not translate 
into a corresponding higher magnitude of exergy efficiency compared to the 10 kg load. The exergy or potential 
to do work by the collector in the two loads is the same, and this is reasonable since the same solar dryer is used 
under the same solar intensity for each load.  
For the drying chamber, the exergy loss due to irreversibility is lower for the 10 kg as it utilises more exergy in 
evaporating moisture from the grain due to the larger grain surface area for heat transfer compared to the 5 kg 
load. Consequently, the drying chamber exergy efficiency is higher for the 10 kg load.  
Based on the results and the analyses done, it can be concluded that a relatively thin grain bed produces a higher 
air flow through the dryer resulting in better solar collector energy efficiency. However, a thin grain bed gives a 
higher exergy loss in the drying chamber due to lower utilisation of heat to evaporate moisture from the grain 
resulting in lower drying chamber exergy efficiency. A bigger grain bed is therefore better at utilising the exergy 
to evaporate moisture from the grain. However, to obtain the optimum size of grain bed, optimisation techniques 
are recommended. 
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