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Abstract 

In this article, we investigate the possibility of improving the performance of a mixed solar dryer designed for meat drying. The 

drying process takes place under an average ambient temperature of 35.5°C. The maximum solar radiation intensities recorded 

during the two test days were 999 W/m² and 1072 W/m², respectively. The average solar radiation measured between 9:00 a.m. 

and 4:00 p.m. during the test days was 841.91 W/m². The experiments were conducted on fresh meat over two (2) days. On the 

first day, the mass of fresh meat, or initial mass (min), was 32.9 kg. At the end of drying, the final mass (mf) was 9.03 kg,  

corresponding to a mass reduction rate (MRR) of 72.5%. On the second day, the initial mass (min) was 30 kg, and after drying, 

the final mass (mf) was 9.90 kg, corresponding to a mass reduction rate (MRR) of 67%. To ensure proper drying, the meat was 

cut and spread to a thickness of 0.5 cm. The loaded test results indicate a temperature range between 33°C and 68°C, with an 

average drying temperature of 50.5°C across the different tray levels inside the dryer. An average air velocity of 1.8 m/s was 

recorded at the inlet and 6 m/s at the outlet. The exact drying time was 3 hours. 
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1. Introduction 

Drying is a process that removes almost all the water con-

tained in a wet product by evaporation using solar radiation [1, 

2]. Drying is carried out either in the open air or in a solar 

dryer. The latter is used both in rural areas and in the industrial 

sector, particularly in industry, agribusiness, textiles, etc. 

The dryer is constructed using locally available tools and 

materials and can operate by natural or forced convection [3]. 

It is equipped with instruments to measure the most important 

climatic parameters influencing its performance, namely am-

bient temperature, relative humidity, wind speed at the dryer 

inlet, wind speed at the dryer outlet, and global radiation on a 

horizontal plane. To date, the drying of agrifood products such 

as meat, rice, cassava, tomatoes, mint, etc., has experienced 

significant development. Solar dryers are generally classified 
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into several categories according to the heating mode and the 

mode of heat transfer between the product and the heat source, 

namely: conduction, convection, and radiation [3]. Solar dry-

ers are distinguished as direct dryers, indirect dryers, hybrid 

dryers, and mixed dryers [4]. The latter type was selected in 

this study because of its advantages. The mixed solar dryer 

combines the operating principles of direct dryers (radiation 

drying) and indirect dryers (convective drying). Its system 

consists of a solar air heater (solar collector) integrated into 

the drying chamber and four rotary fans—two at the front and 

two at the top of the drying chamber [5]. The aim of this work 

is to study the performance of a mixed solar dryer for meat 

drying in Niger. 

2. Materials and Methods 

2.1. Materials 

The following equipment was used to take measurements 

during drying: 

1) A data logger, which allows data to be saved, with a 7-

inch LCD touch screen, 32 isolated universal signal in-

put channels, 64 MB of storage, and AC power supply. 

The recorded data is retrieved using a USB key; 

2) A laptop computer for viewing the measured parameters; 

3) Two dual-function sensors for measuring the tempera-

ture and relative humidity of the air at the chamber inlet 

at the air supply point provided by the fans and at the 

chamber outlet at the extractors; T +/- 0,3°C, RH +/- 0,3%; 

4) Two speed sensors to measure the air speed at the inlet 

(fan air supply) and at the outlet of the chamber (extrac-

tors); T +/- 0,3°C, RH +/- 0,3%; 

5) A scale to determine the quantity of raw meat placed in 

the dryer and the quantity that comes out; ±0,01 kg; 

6) A pyranometer to measure the solar radiation received, 

placed above the drying chamber;: ±3 W/m²; 

7) Two trolleys for placing the racks on which the fresh 

meat is spread out; 

8) Eight racks for spreading out the meat to be dried, with 

four racks per trolley; 

9) Eight temperature probes to measure the temperature on 

each rack installed during the drying process. 

2.2. Drying Methodology and Test Procedure 

The drying method consists of removing moisture from a 

product. Drying is achieved through direct solar radiation 

striking the product (the meat) through the transparent side 

(the glass cover). Then, the indirect part of the mixed solar 

dryer uses a solar collector (the absorber) to capture solar ra-

diation in order to heat the air. This heated air is then directed 

into the drying chamber [6]. 

The advantage of drying in the Sahel is that Niger is one of 

the sunniest countries in Africa, with daily sunshine ranging 

from 5 kWh/m² to 7 kWh/m² [7]. Characterisation under load 

shows that the drying time for kilichi is 3 to 4 hours. To har-

ness this energy potential, the National Solar Energy Agency 

(ANERSOL) has done a great deal of work on solar dryers as 

part of its research and development programme. It is in this 

context that the ECO-KILICHI Complex project has built a 

mixed solar dryer, whose main objective is to dry meat, as it 

deteriorates easily due to its acidity, the presence of pathogens 

and climatic factors. Therefore, the use of solar dryers is cur-

rently the best solution for drying a product, preserving it, 

maintaining its organoleptic properties and retaining its nutri-

tional qualities [8]. In addition, the capacity of the drying 

chamber, the speed of drying, the cleanliness of the product, 

the climatic conditions of the environment, the lifespan of the 

dryer and the maintenance of the equipment are the most im-

portant parameters to be taken into account during this drying 

process. During this work, the activity was carried out in two 

phases, from 16/04/2025 to 22/04/2025, and took place during 

the day between 9 a.m. and 5 p.m. Experiments with this dryer 

contribute to its good performance. To this end, a drying sys-

tem needs to be put in place that optimises the drying process, 

ensures its availability, and mitigates the risks of meat con-

tamination from dust, insects, birds, animals, etc. 

In this work, the method used is based on the operating prin-

ciple of the mixed dryer, whose technique combines convec-

tion drying and radiation drying [9]. We followed the follow-

ing process: 

1) Clean the direct and indirect sensors with water. 

2) Dust and clean the drying chamber and trolleys. 

3) Weigh and cut the meat, then spread it out on the racks 

(Figures 1 and 2). 

4) Place the racks on the trolleys (Figure 2) in the dryer, 

then close the dryer to start the drying process. After a 

while, check the progress of the drying process until that 

the thin slices of meat begin to detach from the racks be-

cause when they are laid out, the slices stick to the racks. 

5) Place the temperature probes on the racks (one per rack). 

6) Check that the various sensors mentioned above are in 

place, properly connected to the data logger, and in good 

working order. 

7) Once the thin slices of meat have come away from the 

racks, the next step is to turn the meat over for 30 

minutes to 1 hour, so that the other side can dry as well. 

The duration depends on the position of the rack on the 

trolley. 

8) Open the dryer from time to time to check the progress 

of the drying process and turn the meat if necessary. 

9) The final step is to fold the slices into 3 equal parts and 

leave them to dry for another hour. 

2.3. Determining the Water Content 

All products contain water in different forms: free water, 

bound water, water vapour and constitutional water [10]: This 

is referred to as the water content, which is the amount of wa-

ter contained in a product. It can also be defined as the mass 
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of water in the product per unit mass of the product. In this 

case, it is expressed either on a dry basis, denoted by X, or on 

a wet basis, denoted by Xh [11]: 

Water content on a dry basis: 

x =
m−ms

ms
                  (1) 

Water content on a wet basis: 

xh =
m−ms

m
                 (2) 

Combining the two expressions gives: 

x =
xh

1−Xh
 and xh =

x

1+X
            (3) 

m and ms: are respectively the masses of the wet product 

and the dry product (kg). 

X and Xh: expressed respectively in kg of water/kg of dry 

matter and in kg of water/kg of product. 

 

Figure 1. Dried meat (kilichi). 

 

Figure 2. Meat being dried. 

In order to conduct the study on the performance of the 

mixed dryer for drying meat, we followed a protocol that in-

cludes a description of the conditions and the test procedure. 

The tests were carried out between 9 a.m. and 5 p.m. Control 

of climatic parameters contributes significantly to the perfor-

mance of the dryer. 

1) Solar radiation, 

2) Ambient temperatures and temperatures at each rack 

level, 

3) Relative air humidity, 

4) Wind speed at the entrance and exit of the mixed dryer, 

5) Fresh meat weights at the start and end of drying. 

This requires the entire apparatus to be in operation for at 

least 30 minutes before the loaded racks are placed in the dry-

ing unit and the exact duration of the meat drying process. 

3. Results 

3.1. Mixed Solar Dryer 

Several dryers built by ANERSOL incorporated storage 

systems whose efficiency was not evaluated through experi-

mental testing, such as the Type C dryer and the dryer de-

signed by Rabi [12]. Drawing inspiration from their work, we 

opted for this configuration, namely a mixed solar dryer. 

The total surface area of the dryer is calculated as: 

S = L ×  l                 (4) 

The surface area of the direct section is: 

S₁ = 5 m × 4 m = 20 m² 

The surface area of the indirect section is: 

S₂ = 6 m × 4 m = 24 m² 

The total surface area is: 

S = S₁ + S₂ = 44 m² 

The height of the dryer is 2.7 m. 

However, only the direct section corresponds to the drying 

chamber (20 m²), while the indirect section serves to transfer 

heat by convection. 

 

Figure 3. Photo of the mixed solar dryer. 

Drying Rate 

Ts =
min − mf

 min ∗ t
                   (5) 
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Ts = drying rate (%) 

min = initial mass of the product (kg) 

mf = final mass of the product (kg) 

t = drying time (h) 

Drying rate for April 16, 2025 

Ts =
32,9−9,03

32,9 ∗3
  

Ts = 0,24 kg/h or 24% 

Drying rate for April 22, 2025 

Ts =
30−9,9

3O∗3
  

Ts = 0,22 kg/h or 22% 

Specific Moisture Extraction Rate (SMER) 

SMER =
Mass of water removed (kg)

Energy input (kWh)
          (6) 

With 

SMER: Specific moisture extraction rate of water 

m_ev = mass of water evaporated from the product (kg) 

E_con = energy consumed (kWh) 

The mass of water evaporated from the meat was: 

23.87 kg on April 16, 2025 

20.10 kg on April 22, 2025 

The fan power is 150 W, and with 6 fans, the total power is 

900 W. The drying time is 3 hours. 

Specific moisture extraction rate (SMER) for April 16, 

2025 

SMER =
23,87 kg

( O,8419 ∗ 44) + (0,15 ∗ 6 ∗3) kWh
 = 0,59 kg /kWh 

Specific moisture extraction rate (SMER) for April 22, 

2025 

𝑆MER =
20,1 kg

( O,8419 ∗ 44) + (0,15 ∗ 6 ∗3 ) kWh
 = 0,50 kg 

/kWh 

Solar Collector Efficiency 

The energy efficiency of a dryer represents the ratio be-

tween the energy used to evaporate a mass mem_eme of water 

from the product being dried and the energy supplied to the 

dryer. It is defined as follows: 

η =
𝑄 𝑢𝑡𝑖𝑙

𝐸𝑠𝑜𝑙 + 𝐸𝑒𝑙𝑒 
               (7) 

η = energy efficiency of the solar dryer 

Qutil = useful energy for evaporating the water from the 

product (kWh or J) 

Esol = solar energy supplied to the dryer (kWh or J) 

Eele = electrical energy consumed by auxiliary devices, 

such as fans (kWh or J) 

η =
mw ∗ Lv 

(A ∗ I) + (P ∗ t)
               (8) 

the total mass of evaporated water that the dryer can withstand. 

mw: 41,9 kg 

Lv: 2400000 J/kg 

A: 44 m² 

Imoy: 841,9 W/ m² 

t: 10800 s 

P: 150 W 

n: 6 

η =
𝑄 𝑢𝑡𝑖𝑙

𝐸𝑠𝑜𝑙 + 𝐸𝑒𝑙𝑒 
=

100583999,999

400070880 + 9720000
= 0,245  

η ≈ 25%  

3.2. Results of Dried Meat 

 

Figure 4. Fresh meat spread out. 

3.3. Water Content Results 

Table 1. Water content results for meat drying. 

Product condition Day 1 Day 2 

Water content (kg water/kg) 16-04-2025 22-04-2025 
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Product condition Day 1 Day 2 

Wet product mass: m (kg) 32.9 30 

Dry product mass: ms (kg) 9.03 9.9 

Water content in dry basis: X (kg water/kg) 2.6 2.03 

Moisture content on a wet basis: Xh (kg of water/kg) 0.72 0.67 

 

1) On the first day, there is a decrease in the quantity of 

meat, as shown in Table 1: the dry basis water content, 

denoted by X, is 2.6 kg of water/kg, and the wet basis 

water content, denoted by Xh, is 0.72 kg of water/kg. 

2) On the second day of testing, a value of 2.03 kg of wa-

ter/kg of dry matter water content (X) was recorded, and 

0.67 kg of water/kg corresponds to the wet matter water 

content (Xh). 

3.4. Solar Radiation Received on the Overall 

Horizontal Plane of the Site 

We measured the solar radiance received at the site. It is 

located in the southeast of the city of Niamey in the Tondi 

Gamey district, at a latitude of 13.50° N, a longitude of 2.12° 

E and an altitude of 0 m. Figures 5 and 6 show the evolution 

of solar flux densities on the global horizontal plane as a func-

tion of the hours of the day, respectively for 16 and 22 April 

2025. These fluxes increase to a maximum value between 12 

noon and 2 p.m. and then decrease. The fluctuations observed 

are less significant and are due to the passage of clouds and 

dust haze during the day. These two figures show that the adi-

ation values measured during this month (April) are high, as 

it is one of the sunniest months in Niger. 

 

Figure 5. Global solar radiation on the horizontal plane for the test 

day 16-04-25. 

 

Figure 6. Global solar radiation on the horizontal plane for the test 

day 22-04-25. 

For the two days of testing, we observe a gradual increase 

in irradiation from 9 a.m. to 2 p.m., with maximum radiation 

of 999 W/m² at 12 p.m. (local time) on 16/04/2025 (Figure 5). 

Figure 8 then shows an increase radiation, reaching 1072 

W/m² at 2 p.m. (local time) on 22/04/2025. From this time on-

wards, there is a slight fluctuation, resulting in a decrease in 

the radiation value until the end of the day (Figure 6). It should 

be noted that the optimum time slot is between 9 a.m. and 4 

p.m. (7 hours). However, in this study, the drying time does 

not reach seven hours. 

3.5. Temperature and Humidity (April 16, 2025) 

Interpretation: 

In Figure 7, two curves are observed: the moisture curve in 

red and the temperature curve in blue. The temperature varies 

over time. On the same graph, we can also see the evolution 

of moisture during the first hour of the test (between 1:00 PM 

and 2:00 PM), reaching a peak of 14.2% before gradually de-

creasing. This high initial moisture content at the start of dry-

ing is explained by the water content of the meat, meaning that 

evaporation is rapid at the beginning of drying, while it slows 

down toward the end. Consequently, moisture decreases by 

the end of the test. 
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As for the temperature curve, it rises gradually before de-

creasing around 2:00 PM, at the moment when evaporation is 

rapid. This drop is due to energy absorption during the evapo-

ration process. However, after the meat’s moisture decreases, 

the temperature increases rapidly from 2:00 PM, reaching a 

maximum value of 49°C around 3:00 PM. Finally, as the prod-

uct begins to dehydrate and solar radiation starts to decline, 

the temperature decreases until the end of the day. 

 
Figure 7. Variation in humidity and temperature over time. 

3.6. Temperature and Humidity (April 22, 2025) 

 
Figure 8. Variation in humidity and temperature over time. 

Interpretation: In Figure 8, the moisture curve (in red) and 

the temperature curve (in blue) are shown superimposed. The 

temperature curve, shown in blue, varies throughout the day, 

as does the moisture curve. The temperature increases until 

3:00 PM, reaching a peak of 50°C, and then decreases toward 

the end of the test. 

Moisture, represented by the red curve on the same graph, 

decreases throughout the test day, starting at a value of 22%. 

Fluctuations are observed during the day before it finally 

drops to a minimum value of 6% at the end of the test. 

This variation is explained by the moisture state of the dried 

product. 

During the first hour of drying, the product is fresh, so evap-

oration occurs rapidly. As a result, moisture is high, and a rel-

atively low temperature is observed at the beginning of the 

drying process (11:00 AM). 

3.7. Air Velocity 

The direction of the airflow in Niger depends on the season. 
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In April, the dominant airflow comes from the northeast (the 

Harmattan). Additionally, the dryer is built along a north-south 

orientation. In the drying chamber, two air velocity sensors 

were installed. One sensor is placed in the indirect section (ex-

haust fans) at 1 cm above the floor on the south side, and the 

second sensor is located in the direct section (extractor fans) 

on the north side, above the entrance door of the drying cham-

ber, precisely at 2 m above the floor (see Figure 3). 

3.7.1. Air Inlet and Outlet Velocity Curves for 16/04/2025 

 
Figure 9. Variation in air inlet and outlet velocities on 16/04/2025. 

Interpretation: In Figure 9, the red curve, representing the 

air velocity at the outlet (Vs) at the extractor fan, shows fluc-

tuations ranging approximately between 4 m/s and 8 m/s. The 

blue curve represents the air velocity at the fan inlet (Ve), that 

is, at the suction fan. It can be observed that the variation in 

air velocity is negligible until 2:28 PM. From this time onward, 

fluctuations occur, with a drop in velocity to 1.2 m/s, followed 

by a peak of 1.9 m/s at 3:23 PM, before decreasing again for 

the remainder of the day. 

3.7.2. Air Inlet and Outlet Velocity Curves for 22/04/2025 

 
Figure 10. Variation in air inlet and outlet velocities for the day of 22/04/2025. 
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Interpretation: Figure 10 shows two curves: the red curve, 

which corresponds to the air velocity at the dryer inlet (Vs), 

and the blue curve, representing the variation of velocity at the 

dryer outlet (Ve). 

For the blue curve, fluctuations in air velocity are observed, 

generally ranging between 4 m/s and 8 m/s. This high velocity 

is due to the position of the sensor at the extractor fan, located 

2 m above the floor (see Figure 3). 

The red curve, showing the behavior of the air velocity at 

the suction fan inlet (Ve), starts at a low value, then reaches 

1.9 m/s at 11:22 AM. This velocity is maintained throughout 

the day until 2:11 PM, when it increases slightly to reach 2.07 

m/s. 

3.8. Drying Chamber 

The results below show the evolution of solar radiation dur-

ing drying and the temperature behavior on the different trays 

within the drying chamber. There are two trolleys, each con-

taining four (4) trays (see Figure 4) [13]. 

3.8.1. Temperature Change Curves at Trolley 1 

 
Figure 11. Variation in temperatures (T1, T2, T3 and T4) and radiation as a function of time on 16/04/2025. 

 
Figure 12. Variation in temperatures (T1, T2, T3 and T4) and radiation over time on 22/04/2025. 
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Interpretation: 

The principle is the same for both test days considered. The 

four temperature curves (T1, T2, T3, T4) shown in Figures 11 

and 12 represent the temperatures recorded on a single trolley 

at different levels (see the arrangement of trolleys and trays in 

Figure 2). 

It is observed that the temperature curves vary according to 

the incident global solar radiation and time. The temperatures 

measured by probe number 1 (placed at the lower position of 

the trolley) are generally the lowest on the trolley, while those 

measured by probe number 4 (placed at the top of the trolley) 

are the highest. This is consistent, since the radiation transmit-

ted by the direct sensor reaches the tray at level 4 of the trolley 

first, before reaching level 1, which is lower. Therefore, level 

4 has a higher temperature than level 3, level 3 is higher than 

level 2, and level 2 is higher than level 1, despite the transfer 

of hot air by the fans from the indirect sensor. 

3.8.2. Temperature Evolution Curves at Trolley Level 2 

 
Figure 13. Variation in temperatures (T5, T6, T7 and T8) and radiation as a function of time on 16/04/2025. 

 

Figure 14. Variation in temperatures (T5, T6, T7 and T8) and radiation over time on 22/04/2025. 

Interpretation: For the two test days considered, the four 

temperature curves (T5, T6, T7, T8) shown in Figures 13 and 

14 represent the temperatures recorded on a single trolley at 

different levels (see the arrangement of trolleys and trays in 

Figure 2, which shows the placement of trays and probes). The 

temperature curves vary according to the incident global solar 
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radiation and time. 

Interpretation: For the two test days considered, it is ob-

served that, depending on the position of the trolley in the 

dryer (left or right), temperatures at the same level vary from 

one trolley to another and from one position to another. For 

levels 1 and 2, temperatures T5 and T6 are higher than T1 and 

T2, respectively. Conversely, for levels 3 and 4, temperatures 

T3 and T4 are higher than T7 and T8. This can be explained 

by the fact that trolley 1 is positioned in front of the air supply 

from the first indirect sensor on the left (with only one fan 

functioning normally), while trolley 2 is positioned in front of 

the air supply from the second indirect sensor on the right, 

where both fans are operational, thus receiving more hot air. 

It should be noted that: 

Temperatures T1, T2, T3, and T4 come from trolley 1, lo-

cated on the left side of the drying chamber, with probes ar-

ranged from bottom to top. T1, T2, T3, and T4 correspond to 

trays 1, 2, 3, and 4, respectively. 

Temperatures T5, T6, T7, and T8 come from trolley 2, lo-

cated on the right side of the drying chamber, with probes ar-

ranged from bottom to top. T5, T6, T7, and T8 correspond to 

trays 5, 6, 7, and 8, respectively. 

4. Conclusion 

According to the tests carried out on the mixed solar dryer 

built in collaboration with ANERSOL, the study showed that 

the dryer makes it possible to achieve very favorable temper-

atures for drying, exceeding the ambient temperature, which 

averaged 35.5°C, with an average temperature inside the dryer 

of 50.5°C. 

It demonstrated satisfactory performance, with a SMER of 

0.5 kg/kWh and a simplified energy efficiency of 25%. With 

a drying time of 3 hours, it can be concluded that the drying 

process is rapid. The system removed a sufficient amount of 

water contained in the meat and reduced its mass; thus, it 

achieved a significant reduction in moisture, with drying rates 

of 24% and 22% respectively for the two test days of April 16, 

2025 and April 22, 2025. 

This demonstrates the quality of the dryer and leads to 

proper preservation of the meat. However, it would be im-

portant to check the airtightness of the system, as well as the 

fans, to ensure uniform drying and to further optimize air cir-

culation inside the dryer. 

Abbreviations 

AC Alternating Current 

ANERSOL National Solar Energy Agency 

USB Universal Serial Bus 

LCD Liquid Crystal Display 

MB Megabyte 

h Hour 

kWh Kilowatt-hour 

m2 Square Meter 

x Dry Basis Moisture Content 

xh West Basis Moisture Content 

m Mass of Meat in Its Wet State 

ms Mass of Dried Meat 

kg Kilogram 

W Watt 

Ve Inlet Velocity 

Vs Outlet Velocity 

Ts Drying Rate 

min Initial Mass of the Product 

mf Final Mass of the Product 

t Drying Time 

L Length 

l Width 

h Height 

SMER Specific Moisture Extraction Rate SMER 

Qutil Useful Energy for Evaporating the Water 

from the Product 

Esol Solar Energy Supplied to the Dryer 

Eele Electrical Energy Consumed by Auxiliary 

Devices 

η  Solar Collector Efficiency 

m_ev Mass of Water Evaporated from the Product 

E_con Energy Consumed 

T Temperature 

min Minute 

s Second 

n Number of Fans 

J Joule 

Ac Collector Area 

P Electrical Power 

mw Mass of Water Evaporated 

Lv Latent Heat of Vaporization of Water 

I Average Solar Irradiance 

ECOWAS Economic Community of West Africain 

States 
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