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 A novel direct solar dryer has been manufactured and tested at the Process 

Engineering Laboratory (LGP) for drying clay bricks purpose. This 

laboratory scale is designed to dry a maximum number of clay bricks in a 

minimum amount of time while providing good quality to the dried product. 

The brick samples used in this experiment were brought from brickworks. 

The clay bricks are preserved and covered as much as possible during 

transportation to the experimental site. A range of measuring instruments is 

used to guarantee accurate results and control the drying process. Several 

experiments have been carried out to prove the efficiency of the solar dryer 

in drying clay bricks. The results show that the designed solar dryer can be 

successfully used to dry clay bricks. Furthermore, the drying time in the 

solar dryer is 5 hours on a normal day, which is one hour longer than drying 

under industrial conditions. 
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1. INTRODUCTION 

Solar energy has been used since humans first inhabited the world. People's daily lives now rely heavily 

on energy production and consumption. Modern societies are experiencing an increase in energy 

demand and supply. Currently, 77% of the world's energy comes from fossil fuels, which emit pollutants, 

deplete the ozone layer, and pose a significant threat to the environment (Jiskani et al., 2020). Sunlight 

energy can be used for a variety of tasks, such as cooking, heating, drying, water pumping, and solar 

cell electricity generation (Iskandar et al., 2017; Mano et al., 2024). 
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Drying is an important post-handling activity in agricultural production (Muciaccia et al., 2024). It has 

been used since ancient times to preserve agricultural produce (Prakash et al., 2014; Promise et al., 

2020). It is known as the process of removing moisture from a product and can be accomplished in two 

ways. In the first step, moisture from within the product is brought to the surface and dried in air at a 

steady pace as water vapor. The second step comprises a moderate drying rate, which is dependent on 

the qualities of the product to be dried (Rana et al., 2024). 

The goal of the drying process is to sufficiently dry the product so that it may be stored and kept fresh 

for an extended amount of time (Sandali at al., 2019). The open-sun method, which involves spreading 

the food thinly over a vast area in direct sunlight, was the conventional way for drying agricultural 

products. This drying process takes a lot of time and effort (Sandali at al., 2020). 

One of the efforts to bridge this gap over the last decade has been the development of dryer machines 

powered entirely by sustainable solar energy. Solar energy is a non-traditional energy source that is 

limitless, renewable, and free, lowering environmental pollution and the cost of drying agricultural 

produce (Zoukit et al., 2016). The solar dryer operates in a manner similar to the traditional process, in 

which products are dried using easily available sun rays in a safe and enclosed setting. Researchers are 

continuing to focus their attention on the solar-powered drying machine in order to find more solutions 

to the challenges that solar dryers are now facing in the agriculture industry and bring them up to level 

with machines that use older technology. 

Several studies have been performed to enhance solar dryers’ performance, according to Oguntola et al. 

(2010), the air inlet area of a solar system is primarily in charge of the air flow into the system and 

temperature variations, which have a direct impact on the quantity of free water molecules extracted 

from the cell and product surface during the initial drying stage. When creating an active solar dryer, 

Itodo et al. (2004) suggested that a study on the impact of air inlet area on dryer performance be taken 

into consideration in order to improve the volumetric-air flow rate of a sun drying system. Varun et al. 

(2012) analysed the performance of an indirect mode solar dryer combined with a solar air heater and 

found that 17% performance efficiency was achieved with an air inlet area of 0.018 m 2 and dryer length 

and width of 1.3 and 0.6 m, respectively. When compared to open sun drying, they found that the drier 

may save 65% of the overall drying time. In building a photovoltaic powered forced convection solar 

drier, Seveda et al. (2013) discovered that the dryer could reduce the moisture content of chili from 80.2 

to 10% (w.b.) in 32 hours, compared to 56 hours drying the same product in the open sun. 

In this paper, a new design of a direct solar dryer has been fabricated and tested to be used in solar drying 

of clay bricks. The use of solar energy instead of electrical energy in drying of clay bricks will reduce 

energy consumption and therefore minimizing losses and maximizing profits. 

2. MATERIALS AND METHODS 

2.1 Solar Dryer Description  

The direct solar dryer is comprised of several key components, including an absorber plate, chimney, 

fan, insulation, and cover. The chimney, measuring 1 meter in length and 0.1 meters in diameter, is 

constructed from galvanized metal. The cover is fabricated from 0.4 mm-thick plastic, while the 

insulation consists of two separate sheets of 4 mm-thick polystyrene. A steel plate is employed to absorb 

solar radiation. The door is perforated to facilitate the ingress of fresh air. The solar dryer is mounted on 

a metal frame to provide structural support, safeguard against damage, and ease handling during 

operation. 

 



 Journal of Renewable Energies ICREAA’24 Ghardaïa (2024) 31 – 41 

33 

2.2 Geometrical Parameters of Solar Dryer 

The geometrical dimensions of the solar dryer are presented in Table 1. 

Table 1. Geometrical dimensions of the solar dryer 

Parameters Values (m) 

Dryer Width 1 

Dryer Length 1.5 

Insulation thickness 0.04 

Transparent Cover thickness 0.00004 

Absorber plate thickness 0.002 

Air inlet holes diameter 0.01 

Chimney height 1 

Chimney internal diameter 0.1 

This table summarizes the key dimensions of the solar dryer, which are critical for its design and 

performance analysis. 

 

Fig 1. Manufactured solar dryer 

2.3 Manufacturing of the Solar Dryer 

The solar dryer was designed to efficiently dry clay bricks. The following are the stages in the 

manufacture of this dryer: 

2.3.1 External structure 

The structure of the outdoor solar dryer was built in steel to reinforce and promote its strength. Steel is 

a suitable material for energy construction due to its ability to withstand different environmental 

conditions. The structure was covered by a 0.4-mm-thick layer of transparent plastic. This thickness of 

plastic maintained a balance between resistance and the ability to facilitate the passage of light rays 

efficiently. The presence of this layer of transparent plastic transforms the structure into a greenhouse, 

favoring the diffusion of sunlight and the retention of heat inside. 

2.3.2 Air inlet 

To facilitate the required air flow, 10 mm diameter holes have been made in the door. Thanks to these 

openings, fresh air enters the dryer and moist air exits through the chimney. Air circulation inside the 

dryer is essential to ensure optimum drying conditions, allowing the moisture released by the drying 

clay bricks to escape through the chimney. 
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Fig 2. Structure of the solar dryer 

 

Fig 3. Front of solar dryer (holes pierced in door) 

2.3.3 The insulating plate  

The insulating plate consists of two metal plates separated by a layer of polystyrene. This insulation 

plays an important role in improving dryer efficiency by reducing heat loss to the outside. Polystyrene 

acts as an effective thermal insulator, retaining heat inside the dryer and preventing it from escaping. 

This raises the temperature inside the drying chamber, accelerating the process of evaporating moisture 

from the clay bricks. 

 

Fig 4. Insulating plate with a layer of polystyrene 

2.3.4 Exhaust air chimney 

To facilitate the removal of moisture-laden air, a 10 cm-diameter, 1 m-high chimney was mounted above 

the façade opposite the door. This chimney allows humid air to exhaust from the inside to the outside, 

helping to maintain a low-humidity environment inside the dryer. 
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The presence of a chimney of appropriate diameter facilitates the natural ventilation process, where 

moisture-laden warm air rises and exits through the chimney, while fresh air enters through the door 

openings, creating a continuous flow of air. 

 

Fig 5. Solar chimney 

2.3.5 Air extraction fan 

In order to create a different type of ventilation from that produced by the solar chimney, a fan was 

installed in place of the chimney. This fan is powered by a photovoltaic solar panel, which generates the 

electricity needed to run it. By using the fan to create forced convection, moist air is extracted very 

quickly, making the drying process more efficient. 

 

Fig 6. Air extraction fan 

2.3.6 The absorbent plate 

For better absorption of solar rays, a 2 mm thick metal plate was placed over the insulation. The thermo-

physical properties of the metal and the black paint used ensure that the heat generated is very high. 

 

Fig 7. Absorber plate 
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2.4 Clay brick drying process using the solar dryer  

Here, the goal is to dry the clay bricks using solar energy rather than electricity. The wet clay bricks are 

positioned inside the sun drier and on a support in the center. The dryer's air temperature rises as the 

sun's rays start to pass through the clear plastic lid. Insulation made of polystyrene keeps heat inside the 

dryer and minimizes heat loss. The drying process is accelerated by the fan's faster extraction of damp 

air. 

2.5 Measuring instruments 

To measure temperatures (ambient, drying air, absorber plate), wind speed and humidity in a solar dryer, 

a range of specialized instruments is used to guarantee accurate results and control the drying process. 

To measure temperature inside and outside the dryer, digital thermometers are used, one of which is 

placed inside the dryer to monitor internal temperature, while the other is placed outside the dryer to 

monitor external temperature. To measure wind speed, an anemometer is used, which can be placed 

outside to measure wind speed. A hygrometer is placed inside the dryer to monitor changes in relative 

humidity. With these accurate instruments, the various parameters inside the solar dryer can be easily 

controlled to ensure an appropriate and efficient drying process. 

 
Fig 8. Measuring instruments 

3. EXPERIMENTAL PROTOCOL 

After having prepared all that is necessary to carry out the experiments under the best possible conditions 

and obtain reliable results. A series of experiments was launched to evaluate the solar drying process 

for clay bricks under laboratory conditions. The experiments were carried out on different days in May 

2024 and under different climatic conditions. The clay brick samples used in this study were brought 

from two different brickworks; one from AMOURI in Djamaa located 200 km from Ouargla and the 

other from Tamassin, Touggourt located 150 km from Ouargla. As soon as these samples arrived at the 

laboratory, the experiments began, with the values of the various parameters being recorded every half-

hour. 

3.1 Storage and transport conditions for brick samples 

In this experiment, the clay brick samples were transported from the brickworks to the solar dryer 

directly under specific storage conditions to ensure that the quality of the samples was preserved and 

that the experiment could be carried out accurately. Once the bricks had been formed at the brickworks, 

they were placed in suitable containers to protect them from damage during transport. Samples were 

covered with insulating materials to minimize heat exchange. 

Samples were kept at a constant temperature and in a dry environment to avoid any undesirable change 

in their properties. 
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Fig 9. Containers for transporting brick samples 

3.2 Operating test of the solar dryer 

This experiment was carried out to test the functioning of the solar dryer without using the product, to 

evaluate its thermal efficiency and to see to what extent we can provide the necessary conditions for the 

solar drying process of clay bricks. The experiment began by orienting the solar dryer in the right 

direction to the sun in order to capture the maximum amount of sunlight and make the dryer more 

efficient. Temperature and humidity measuring instruments were installed to record values over time, 

so that the thermal efficiency of the solar dryer for drying clay bricks could be assessed at a later date. 

The results of this experiment were discussed in order to judge whether our model will enable us to 

carry out the clay brick drying process successfully, or whether corrective action is needed to make the 

model suitable for drying. 

3.3 Drying of clay brick under the solar dryer 

In this experiment, a clay brick was placed inside the solar dryer for the purpose of evaluating and seeing 

how the drying process unfolds. The experiment started at 09:00 and ended at 16:00.  

Throughout the experiment and over time, drying parameters such as drying air temperature, absorber 

plate temperature, ambient temperature, air velocity, brick weight and relative humidity were regularly 

recorded using specific measuring instruments. 

Once the drying process was complete, the recorded data were analyzed to assess the thermal efficiency 

of the solar dryer, to determine the drying time and to see the feasibility of using solar energy to dry 

clay bricks. 

 

Fig 10. Drying of clay brick under direct solar dryer 
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4. RESULTS AND DISCUSSION 

4.1 Variation of the external temperature 

Figure 11 shows the evolution of the outdoor (ambient) temperature over the experimental period. It can 

be seen that it increases over time, reaching its maximum value of 39.7°C at 1:30 p.m., after which it 

begins to decrease slowly until it becomes very low at sunset. Ambient temperature evolves in the same 

way as solar radiation. For best results, drying operations should therefore be carried out on very sunny 

days.   

 

Fig 11. External temperature evolution 

4.2 Evolution of the interior temperature (inside the solar dryer) 

Figure 12 shows the evolution of the drying air temperature inside the solar dryer. During the 

experiment, the air temperature inside the solar dryer varied between 53°C and 69°C. It is very important 

to remember that the drying temperature range found in the factory dryer varies between 40°C-70°C, 

and the time required to complete the drying cycle within this range is four (04) hours. 

On the basis of this information and the results obtained in our experiment, we can initially state that 

the solar dryer we have designed is acceptable for drying clay bricks. 

4.3 Results of solar drying of the clay brick 

Figure 13 shows the evolution of external, internal and absorber plate temperatures as a function of time 

for a direct solar dryer. The brick dried in this experiment has a size of 15 cm. The experiment began at 

9:30 and ended at 15:00. 

Temperatures rise with the passage of time, reaching their maximum value between 13:00 and 13:30, 

then start to decrease as solar radiation diminishes.  

At the start of the experiment, at 09:30, the temperature of the drying air inside the solar dryer is 55°C, 

the temperature required to begin the drying process of the clay bricks. It then rises gradually, reaching 

a maximum value of 72°C at 1:30 p.m., 3°C higher than the drying temperature in industrial dryers 

(75°C). After midday, the temperature begins to fall very slowly, until the end of the experiment at 

15:00, when it reaches 61°C. This temperature is still very high, and sufficient for a drying operation.  
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During the experiment, the state of the brick was carefully monitored to avoid any degradation due to 

thermal shock and to obtain a good-quality product.   

After 5 hours of drying, the brick appeared to have dried out, its color changed and became lighter than 

in its initial state. The traces of moisture that were visible on the brick before the drying process began 

have disappeared and no longer exist. The weight of the brick used in this experiment was recorded both 

before the drying process began and after it was completed, in order to calculate the water content of the 

product. 

 

Fig 12. Evolution of drying air temperature 

 

Fig 13. Temperature evolution of the solar dryer during drying of clay brick 

4.4 Comparison of our results with those of the brickworks 

To judge the reliability of our solar dryer, the results obtained were compared with those of the 

brickworks. The comparison is presented in Table 2. 
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According to the values shown in Table 2, there is a very high degree of convergence between our results 

and those of the brickworks, with a small error due to the difficulty of controlling certain solar drying 

operating conditions. The convergence between our results and those of the brickworks is very high, 

with a small error due to the difficulty of controlling certain solar drying operating conditions. On the 

basis of this comparison and the results obtained during experimentation, we can affirm that our solar 

dryer model is suitable and usable for solar drying of clay bricks. 

Table 2. Comparison between solar dryer and industrial dryer results  

Parameters Brickworks Results Solar Dryer Results 

Mh 6.145 Kg 6.135 Kg 

Ms 5.745 Kg 5.740 Kg 

s

sh

M

MM
X


  

X=0.0696 X=0.0688 

h

sh
r

M

MM
X


  

Xr=0.0651 Xr=0.0644 

Drying time 4 hours 5 hours 

Colour of dried product Clear brown Clear brown 

5. CONCLUSION 

The findings indicate that using a direct solar dryer can help increase drying process efficiency and 

result in a notable decrease in energy use and carbon emissions. The conducted trials demonstrated that 

solar drying can be an economical and sustainable substitute for traditional techniques. The results 

obtained in this study showed that the designed solar dryer provides acceptable drying conditions and 

can be used for solar drying of clay bricks. Higher temperatures of up to 72°C were attained with this 

solar drier. For drying clay bricks and other products, these temperatures are adequate.  The drying time 

for clay bricks using this solar dryer was 5 hours, compared with 4 hours for industry, i.e. one hour 

longer. 

NOMENCLATURE 

X Absolute humidity  

Xr Relative humidity 

Mh Brick weight before drying [Kg] 

Ms Brick weight after drying [Kg] 
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