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Abstract 

Cooking food is a necessity for human beings. However, it requires a significant amount of energy. Conventional fossil fuels are 

the most widely used in cities. This energy is expensive, polluting, and becoming scarce. In rural areas of the Sahel countries, in 

particular, wood biomass is the most widely used. The use of wood biomass for cooking causes significant deforestation and 

respiratory diseases. These (Sahelian) countries have significant solar potential. Harnessing this virtually free energy source is 

essential for cooking. Solar cookers are therefore a solution to reduce fossil fuel needs and deforestation. The objective of this 

work is to contribute to the development of solar cookers. A solar cooker with a parabolic trough collector is designed and studied 

in this work. This was an experimental study. We monitored the temperature changes in certain parts of the cooker and the water 

heated with the device. The cooker's thermal performance was also evaluated. The results show that temperatures at the focus can 

reach 222°C. The temperature distribution along the focal line is relatively uniform. The useful power at the focus reaches a value 

of approximately 225W with a maximum instantaneous thermal efficiency of approximately 0.32. The observed efficiency is 

acceptable but lower than what was expected with the concentrator user. 
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1. Introduction 

The sun, as a renewable and inexhaustible resource, rep-

resents a promising solution to meet current global energy 

challenges. In a context where dependence on fossil fuels 

leads to worrying environmental and health consequences 

such as deforestation, desertification and more than 3.5 mil-

lion annual deaths worldwide caused by smoke from biomass 

combustion [1]. Technologies exploiting solar energy, such as 

solar cookers, are emerging as viable and sustainable alterna-

tives to address household concerns. These devices convert 

solar rays into heat, thus providing an environmentally 

friendly cooking method. The popularization of solar cookers 

mainly helps relieve households in rural (Sahelian) areas 
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whose access to energy is limited and the main source of 

energy for cooking is wood biomass. Solar cookers are mainly 

of two types: direct solar cookers and indirect solar cookers. 

The most developed type of cooker is direct where the oper-

ator is also in the sun. Direct solar cookers can be classified 

into three subcategories: box-type solar cookers, panel-type 

solar cookers, and concentrator solar cookers (parabolic, 

parabolic trough). Box-type cookers have been extensively 

studied by researchers [1-7]. Panel-type solar cookers, also 

due to their simplicity, have been extensively developed and 

studied [8-10]. Concentrating solar cookers are developed to 

improve direct solar cookers. Zamani et al. (2015) studied the 

performance of a cooker designed with three narrow, adjust-

able flat mirrors mounted on a curved parabolic substrate to 

concentrate the reflected solar beam onto the absorber plate. 

They showed that this system generates an increase of 32.07% 

and 35.5% in effective and overall efficiencies, respectively 

[11]. Noureddine El Moussaoui et al. (2020) studied a solar 

concentrator cooker using a vacuum glass tube and the heat-

ing of oil circulating in a large tube located inside the tube. 

They found that when cooking food at high temperatures 

(fries, etc.), the temperature of the cooking oil rose to 200°C. 

After 1 hour of heating, cooking was carried out at a temper-

ature of 120°C for 20 minutes [12]. Indirect solar cookers 

were then developed to reduce the consequences of operator 

exposure to the sun [13-15]. This work consists of the ex-

perimental design and study of a direct solar cooker with a 

protected support for the pot. This is a direct solar cooker with 

a parabolic trough collector. 

2. Materials and Methods 

2.1. Cooker Elements 

1) The reflector 

This is the part that reflects the sun's rays to concentrate 

them at the focus. It is made of an aluminum sheet (length 

1.1m and width 1m) folded to take the parabolic trough shape 

with a depth of 0.18m. 

2) concentrator support 

The frame is made of 30mm square tubes. It consists of two 

parts: a parabolic trough section that supports the reflector, 

and a table section with space for the cooking pot. It is 

equipped with a lever to allow the user to track the sun. 

3) Operating principle 

The operating principle of the solar cooker studied is as 

follows: the captured solar rays are concentrated towards the 

focus where the pot is located. This concentration of solar rays 

causes an increase in temperature. The heat thus produced at 

the focus is transferred to the pot containing the food to be 

cooked. To achieve an optimal cooking temperature, it re-

quires regular reorientation following the path of the sun. 

Figure 1 shows the device. 

 
Figure 1. Parabolic trough solar cooker device in place. 

2.2. Measuring Devices 

To conduct our experiments, we used the following meas-

uring devices: 

1. a midi LOGGERGL220 digital data logger connected to 

type K thermocouples for temperature measurement. 

Temperatures were recorded at 5-minute intervals. 

2. a solarimeter for measuring solar irradiation with a sen-

sitivity of 72 mV/1000 W/m2. 

Figure 2 shows the measuring devices. 

 
Figure 2. Measuring devices; A: datalogger B: thermocouples C: solarimeter. 
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Figure 3: shows the location of the different devices on the device where T denotes a thermocouple. 

 
Figure 3. location of the different devices on the device. 

2.3. Thermal Performance Evaluation Theory 

Equation (1) allows us to calculate the useful power. 

𝑃𝑢 =
𝑚𝑒×CPe×(𝑇𝑒𝑓−𝑇𝑒𝑖)

Δt
                (1) 

Equation (2) allows us to calculate the thermal efficiency. 

𝜂 =
P𝑢

Is(Sc×Cg+
1

2
Sr)

                  (2) 

With me: the mass of the water, Cpe: the specific heat of the 

water, Tei: initial water temperature, Tef: final water temper-

ature, Sc: the surface of the collector, Sr: the surface of the 

receiver, Is: the solar flux, Cg: the geometric concentration 

factor, Δt: the time step. 

3. Results and Discussion 

3.1. Empty Cooker Experimentation 

The experimental study was carried out from October 6 to 

10, 2024. During these experiments, we were able to monitor 

the evolution of temperatures and sunshine. The results ob-

tained are represented in the form of curves. 

Figure 4 shows T1, T2 and T3 respectively the ambient and 

linear focus temperatures. 

 
Figure 4. Temporal evolution of the temperatures of the different parts of the cooker and the sunlight. 

There is a fluctuation of solar radiation during the day. Its 

maximum value reached is approximately 880 W/m2. At the 

level of the focus, the temperatures T2 and T3 have the same 

appearance and are similar to that of the sunshine. These 

 

T1 : ambient temperature 

T2 : Temperature on the focus 

T3 : Temperature on the focus where 

the pot is placed 

T4 : temperature outside the focus 
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temperatures are then influenced by the solar flux. The values 

of these two temperatures are practically close. This is ex-

plained by the fact that they are all placed on the line of the 

focus. This observation also proves that the concentration is 

indeed done on a line and the pot can be placed anywhere on 

the concentration line. Their maximum values vary between 

212.6°C and 222.2°C. These values are close to those ob-

tained in the literature, notably Thierry et al. (2024) [16]. 

3.2. Experimentation with Cooker Load 

The load used is water. This involved water heating. 

Figure 5 shows the ambient, on focus and water tempera-

tures, as well as the solar flux. 

 
Figure 5. Time evolution of the temperature of the water and the different parts of the cooker. 

The changes in sunshine levels show that there was not 

enough disruption today. The maximum value of approxi-

mately 805 W/m2 around 12 p. m indicates good sunshine but 

not strong sunshine. The temperature in the focus generally 

follows the changes in sunshine. The multiple fluctuations are 

due to the delay in reorienting the device. 

The water temperature gradually increases to a maximum 

value of approximately 85°C, reached around 3 p. m., when 

the sunshine level is 500 W/m2. 

The water temperature is not high enough, but it is still 

suitable for cooking food. 

In fact, we boiled 1 kg of potatoes in 2 hours and 30 

minutes (10 a. m. to 12:30 p. m). 

3.3. Thermal Performance of the Cooker 

Figure 6 shows the curve of useful power as a function of 

time. 

 
Figure 6. Useful power curve. 
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The useful power has the same shape as that of the sunlight 

because it is a function of the latter. The maximum power 

reached is approximately 230W. This power is quite low 

compared to what was expected. 

Figure 7 shows the evolution of the thermal efficiency as a 

function of time during the experiment. 

 
Figure 7. Evolution of the thermal efficiency of the cooker. 

The thermal efficiency curve gradually increases to its 

maximum of 0.32 and then decreases until the end of the test. 

The average efficiency is 0.18 (18%). This result is slightly 

higher than that obtained by Masoud Adavi et al. (2025), 

with their indirect Fresnel lens solar cooker with thermal oil 

storage tank [17]. Indeed, they obtained an average efficien-

cy of 16.92%. However, this result is very low compared to 

that obtained by Ravi Kumar Goyal et al. (2023). They ob-

tained a thermal efficiency of 34% with their integrated 

box-type solar cooker with parabolic concentrator [18]. The 

efficiency value obtained with our cooker is still within the 

range of values obtained by Ashmore Mawire et al. (2024), 

which is 0.11–0.42 [19]. The efficiency of the solar cooker 

depends on solar irradiation and wind, which have a strong 

impact on heat exchange. 

4. Conclusion 

This work consisted of experimentally producing and 

determining the performance of a solar cooker with a para-

bolic trough collector. At the focus, we obtained a maxi-

mum temperature of approximately 222°C. The temperature 

of the heated water reached a maximum value of 85°C 

under a maximum sunshine of approximately 805W/m2. 

The instantaneous thermal efficiency reached a maximum 

of approximately 0.32. The observed efficiency is accepta-

ble but lower than what was expected with the concentrator 

user. 

Abbreviations 

Cg The Geometric Concentration Factor, 
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Δt The Time Step (s) 

Author Contributions 

Dianda Boureima: Conceptualization, Validation 

Belem Abdoulaye Aziz: Data curation, Funding acquisi-

tion 

Compaore Aboubakar: Methodology 

Bathiebo Dieudonné Joseph: Validation 

Funding 

This work is not supported by any external funding. 

http://www.sciencepg.com/journal/sjee


Science Journal of Energy Engineering http://www.sciencepg.com/journal/sjee 

 

134 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Suhail Zaki Farooqui, Angular optimization of dual booster 

mirror solar cookers – Tracking free experiments with three 

different aspect ratios. Solar Energy, 2015; 114: 337–348. 

[2] AA El-sebaii, R. Domanski, and M. Jaworski. Experimental 

and theoretical investigation of a box-type solar cooker with 

multi-step inner reflectors Energy 1994; 19(10): 1011–21. 

[3] A. Soria-Verdugo. Experimental analysis and simulation of the 

performance of a box-type solar cooker. Energy for Sustainable 

Development 2015; 29: 65–71. 

[4] A. Harmim, M. Merzouk, M. Boukar, M. Amar. Mathematical 

modeling of a box-type solar cooker employing an asymmetric 

compound parabolic concentrator. Solar Energy. 2012; 86: 

1673–1682. 

[5] Tariku Negash Demissie a, Sebastiano Tomassetti, Claudia 

Paciarotti, Matteo Muccioli, Giovanni Di Nicola, Celestino 

Rodrigues Ruivo. Experimental characterization of a foldable 

solar cooker with a trapezoidal cooking chamber and adjusta-

ble reflectors. Energy for Sustainable Development. 2024; 79: 

101409. 

[6] Hailemariam M. Wassie, Muluken Z. Getie, Mulat S. Alem, 

Teshome B. Kotu, Zelalem M. Salehdress. Experimental in-

vestigation of the effect of reflectors on thermal performance of 

box type solar cooker. Heliyon. 2022; 8 e12324. 

[7] J. Nebie, T. Daho, G. C. Tubreoumya, S. Zongo, B. Zeghmati, 

X. Chesnau, A. O. Dissa, S. Z. Kam, A. Bere, Modélisation des 

paramètres de fonctionnement d’un cuiseur solaire de type 

boîte sous les conditions météorologiques du Burkina Faso, 

Journal de physique de la SOAPHYS, 2019, 1(1): 1-8. 

[8] Gupta, P. K., Misal, A., Agrawal, S., Development of low cost 

reflective panel solar cooker. Mater, 2021, Today: Proc. 45, 

3010–3013. 

[9] Aquilanti, A., Tomassetti, S., Muccioli, M., Di Nicola, G., 

Design and experimental characterization of a solar cooker 

with a prismatic cooking chamber and adjustable panel re-

flectors, 2022, Renew. Energy 202, 405–418.  

http://dx.doi.org/10.1016/j.renene.2022.11.083 

[10] Alessia Aquilanti, Sebastiano Tomassetti, Gianluca Coccia, 

Matteo Muccioli, Giovanni Di Nicola. Experimental charac-

terization and performance comparison of four prototypes of 

panel solar cooker for low to high sun elevations, 2023, Journal 

of Cleaner Production 390 136158. 

[11] Hosein Zamani, Mohammad Moghiman, Ali Kianifar. Opti-

mization of the parabolic mirror position in a solar cooker us-

ing the response surface method (RSM), 2015, Renew Energy 

81 753–759. 

[12] Noureddine El Moussaoui, Sofian Talbi, Ilyas Atmane, Khalil 

Kassmi, Klemens Schwarzer, Hamid Chayeb, Najib Bachiri. 

Feasibility of a new design of a Parabolic Trough Solar Ther-

mal Cooker (PSTC), 2020, Solar Energy, 201 (1): 866-871). 

[13] Muhammad Noman, Ahmad Wasim, Muzaffar Ali, Mirza 

Jahanzaib, Salman Hussain, Hafiz Muhammad Khurram Ali, 

Hafiz Muhammad Ali. An investigation of a solar cooker with 

parabolic trough concentrator, 2019, Case Studies in Thermal 

Engineering, 14, 100436. 

[14] Karan Motwani and Jatin Patel. Cost analysis of solar parabolic 

trough collector for cooking in Indian hostel – a case study, 

2022, International Journal of Ambient Energy 43(1). 

[15] Haftom Asmelash, Mulu Bayray, C. Z. M. Kimambo, Petros 

Gebray and Adam M. Sebbit. Performance Test of Parabolic 

Trough Solar Cooker for Indoor Cooking. 2014, Journal / 

Momona Ethiopian Journal of Science, 6 (2). 

[16] Thierry Sikoudouin Maurice Ky, Brice André Zoungrana, 

Drissa Boro, Boureima Dianda, Salifou Ouédraogo, Adama 

Ouédraogo, Sié Kam, Dieudonné Joseph Bathiébo, Conception, 

realization and testing of a solar cooker built with a spherical 

reflector in Burkina Faso, 2024, Solar Energy, 272, 112497. 

[17] Masoud Adavi, Shiva Gorjian, Hamed Mokhtarzadeh, Barat 

Ghobadian, Development and performance evaluation of an 

indirect fresnel lens solar cooker with thermal oil storage tank, 

2025, Results in Engineering, 26, 105535. 

[18] Ravi Kumar Goyal, M. Eswaramoorthy. Modeling and analysis 

of compound parabolic concentrator integrated box type solar 

cooker, 2023, Materials Today: Proceedings, 72(3), 

1047-1055. 

[19] Ashmore Mawire, Oyirwoth P. Abedigamba, Mark Woral, 

Experimental comparison of a DC PV cooker and a parabolic 

dish solar cooker under variable solar radiation conditions, 

2024, Case Studies in Thermal Engineering 54, 103976. 

 

http://www.sciencepg.com/journal/sjee
https://www.sciencedirect.com/author/55749198400/hafiz-muhammad-ali
https://www.sciencedirect.com/author/55749198400/hafiz-muhammad-ali

