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Abstract – Our study focuses on examining the performance of conventional solar 

stills in an arid region, specifically investigating the impact of rubber material and its 

thickness on the distillation process. Four solar stills were tested, including a reference 

solar still (SSR) and three modified solar stills (MSS1, MSS2, and MSS3) with rubber 

thicknesses of 1 cm, 2 cm, and 3 cm, respectively. The experimental findings clearly 

demonstrate a notable difference in distilled water productivity between varying rubber 

thicknesses. The outputs of MSS1, MSS2, and MSS3 were measured at 1105 ml/day, 

1010 ml/day, and 955 ml/day, respectively, all surpassing the output of SSR, which was 

recorded at 830 ml/day. These results indicate that the utilization of rubber with 

varying thicknesses positively impacts the productivity of the solar still, leading to 

higher distilled water yields compared to the reference configuration. 
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I. Introduction 

 

Water treatment is the process of purifying and 

conditioning water to make it safe, clean, and suitable for 

various purposes, including drinking, industrial use, and 

environmental protection. It involves a series of physical, 

chemical, and biological processes to remove 

contaminants, impurities, and harmful substances from 

water sources such as rivers, lakes, groundwater, and 

even wastewater. 

Water treatment using chemical or biological 

methods involves the application of various processes to 

remove contaminants and ensure the provision of safe 

and clean water for consumption and other purposes. 

Chemical methods often include the addition of 

coagulants, disinfectants, and chemicals that aid in the 

removal of suspended particles, organic matter, and 

harmful microorganisms. These chemicals can assist in  

 

 

 

flocculation, sedimentation, and disinfection processes. 

On the other hand, biological methods utilize natural 

processes involving microorganisms to degrade and 

remove pollutants from water. Both chemical and 

biological methods play vital roles in treating water from 

various sources, ensuring its quality and safety for human 

use and environmental protection [1-2].  

Solar distillation is a simple and effective method of 

purifying water using the energy from the sun. It 

involves the process of evaporating water through solar 

heat and condensing the vapor to produce clean, 

drinkable water. Solar distillation takes advantage of the 

sun's energy to separate impurities and contaminants 

from the water, making it a sustainable and 

environmentally friendly solution for obtaining safe 

drinking water, particularly in areas with limited access 

to clean water sources [3-5]. To enhance the efficiency of 

solar stills, researchers have explored various 

approaches. One strategy involves incorporating high 
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thermal conductivity materials into the water being 

treated, which helps to enhance heat transfer and improve 

distillation rates [6-15]. Additionally, some studies have 

explored the use of biological materials [16-22]. 

Furthermore, the utilization of natural materials, and 

other simple and complex techniques, has been 

investigated [23-31]. These innovative approaches 

contribute to the continuous development of solar still 

technology. 

The main objective of our research is to evaluate the 

potential of rubber as an enhancement material in solar 

distillation and investigate the influence of rubber 

thickness on the distillation process. By varying the 

thickness of the rubber used in solar stills, we aim to 

determine its impact on the overall performance and 

productivity of the distillation system. 

II. Materials and Methods 

II.1. Experiment  

 

The experiment was conducted on a specific date, 

05/06/2023, with consistent climatic conditions and 

geometric dimensions, except for the variation in rubber 

thickness (1cm, 2cm, and 3cm), its pieces are deposited 

an interior in the solar still as shown in Figure 1. The 

experiment involved the use of 3 liters of salty water, and 

various measurements were taken including the solar 

radiation, ambient temperature, and temperature of the 

inner and outer glass cover, water temperature, and 

atmospheric conditions. The amount of distilled water 

produced was measured hourly from 8:00 in the morning 

until 18:00 in the evening. This comprehensive 

experimental analysis aims to assess the influence of 

rubber thickness on the performance of conventional 

solar stills in an arid region, providing valuable insights 

into the efficiency of different rubber thicknesses under 

controlled conditions.  

 

II.2. Experience setup  

 

In this study, the setup and instrumentation procedures 

for the solar distillation experiment are described. The 

process involves placing a water balance on a table to 

support the four solar distillers, ensuring their alignment 

and straightness. The tubes are positioned, and 3 liters of 

water are added to each distiller. The glass cover is 

thoroughly cleaned to remove impurities, and it is placed 

level with the distillers. Thermal collectors are installed 

on the internal and external glass surfaces, and the 

distillers are tightly sealed to prevent thermal leaks.  

 
 

Figure 1. Experience setup 

III. Experimental result 

III.1. Evolution of ambient temperature and solar 

radiation  

 

Figure 2 displays the variations in solar irradiance and 

ambient temperature during the testing of the distillers. 

The maximum solar irradiance of 1001 W/m
2
 was 

recorded at 12:00h, gradually decreasing until sunset. 

Similarly, the ambient temperature followed a similar 

pattern, with the highest temperature of 34 °C occurring 

at 01:00h, followed by a gradual decrease during the 

sunset hours. The average daily solar irradiance and 

ambient temperature throughout the testing period were 

calculated as 750.01 W/m
2
 and 30.4 °C, respectively. 

These findings provide insights into the environmental 

conditions during the distiller testing, illustrating the 

temporal dynamics of solar irradiance and ambient 

temperature. 

 
 

Figure 2. Evolution of ambient temperature and solar radiation 
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III.2. Evolution of inner surface temperature 

 

The experiment was conducted from 8:00h to 

14:00h, under consistent climatic conditions. Initially, at 

8:00h, all the glass covers exhibited the same 

temperature of 28°C. As the experiment progressed, the 

temperatures gradually increased, reaching their 

maximum values at 13:00h, with the following recorded 

temperatures: SSM3 (45°C), MSS2 (42.9°C), SSM1 

(42.5°C), and SSR (41.9°C). Subsequently, between 

13:00h and 14:00h, the temperatures showed a decrease 

while maintaining the same order of temperatures for 

each solar still as shown in Figure 3. This analysis aims 

to provide insights into the impact of rubber thickness on 

temperature fluctuations throughout the day in 

conventional solar stills, contributing to a better 

understanding of their thermal behavior. 

 
Figure 3. Glass inner surface temperature evolution 

 

III.3. Evolution of water temperature 

 

The temperatures in solar stills with different rubber 

thicknesses were investigated. The experiment 

commenced with an initial temperature of 27.5°C, in 

Figure 4. Subsequently, between 8:00h and 12:00h, the 

temperatures progressively increased. Notably, from 

12:00h to 14:00h all solar stills reached their respective 

maximum temperatures: MSS3 (62.5°C), MSS2 (59°C), 

SSM1 (57.5°C), and SSR (55°C). Subsequently, between 

14:00h and 18:00h, a gradual drop in temperature was 

observed across all solar stills, while maintaining the 

previous order of temperatures for each still. This 

detailed analysis sheds light on the temperature behavior 

of conventional solar stills with varying rubber 

thicknesses throughout the day, contributing to a 

comprehensive understanding of their thermal 

performance 

 
Figure 4. Water temperature evolution 

 

III.4. Evolution of accumulation output 

 

Figure 5 provides valuable insights into the 

relationship between rubber thickness and water output 

in conventional solar stills. It is evident from the figure 

that the water output deviates significantly in the MMS3 

solar stills compared to the others. The final accumulated 

productions for each still are as follows: MSS3 (1105 

ml/day), MSS2 (1010 ml/day), SSM1 (955 ml/day), and 

SSR (830 ml/day). The figure clearly demonstrates the 

influence of rubber thickness on the output of the solar 

stills, revealing a direct correlation between increasing 

rubber thickness and higher water output.  

These findings highlight the importance of 

considering rubber thickness as a factor in optimizing the 

performance of conventional solar stills, as it can 

significantly impact the overall water production. 

 

III.5. Evolution of hourly output 

 

The observations indicate that at 8:00h, no distilled 

water was produced. However, starting from 9:00h the 

amount of distilled water began to increase across all 

solar stills, with a value of approximately 15 ml as shown 

in Figure 6. Between 9:00h and 01:00h, the production of 

distilled water reached its maximum values: SSM3 (160 

ml), MSS2 (143 ml), MSS1 (142 ml), and SSR (135 ml). 

Subsequently, from 15:00h to 14:00h, the amount of 

distilled water decreased in each solar still, while 

maintaining the previous order of temperatures for each 

still.  

These observations provide insights into the temporal 

variations in distilled water production in conventional 

solar stills, highlighting the peak production period and 

subsequent decline during the latter part of the day. 
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Figure 5. Water accumulation output evolution  

 
 

Figure 6. Water hourly output evolution

IV. Conclusion 

 

Our study has investigated the effect of rubber 

thickness on water output in conventional solar stills. The 

experimental results clearly demonstrate the impact of 

rubber thickness on the distillation process. The 

accumulated water productions for different rubber 

thicknesses were as follows: SSM3 (1105 ml/day), MSS2 

(1010 ml/day), MSS1 (955 ml/day), and SSR (830 

ml/day). It is evident that as the rubber thickness 

increases, there is a corresponding increase in water 

output.  

This finding emphasizes the importance of 

considering rubber thickness as a critical parameter in 

solar still design and operation. By optimizing rubber 

thickness, it is possible to enhance the water productivity 

of conventional solar stills. Therefore, our study 

highlights the significance of further research and 

development in this field to improve the efficiency of 

solar distillation systems for sustainable water 

production. 

Declaration  

 The authors declare that they have no known 

financial or non-financial competing interests in any 

material discussed in this paper. 

 The authors declare that this article has not been 

published before and is not in the process of being 

published in any other journal. 

 The authors confirmed that the paper was free of 

plagiarism. 

 

References 
 

[1]  Abderrahmane Khechekhouche, Fatouma Bouchmel, 

Zineb Kaddour, Khechana Salim, Abdelmonem Miloudi. 

"Performance of a Wastewater Treatment Plant in South-

Eastern Algeria." International Journal of Energetica, vol. 

5, no. 2, 2020, pp. 47-51. 

https://dx.doi.org/10.47238/ijeca.v5i2.139. 

[2]  Asma Khelassi-Sefaoui, Abderrahmane Khechekhouche, 

Manel Zaoui-Djelloul Daouadji, Hamza Idrici. "Physico-

Chemical Investigation of Wastewater from the Sebdou-

Tlemcen Textile Complex, North-West Algeria." 

Indonesian Journal of Science & Technology, 2021. 

https://doi.org/10.17509/ijost.v6i2.34545. 

[3]  Abderrahmane Khechekhouche, Boubaker Benhaoua, 

Zied Driss, Mohammed El Hadi Attia, Muthu Manokar. 

"Polluted Groundwater Treatment in Southeastern 

Algeria by Solar Distillation." Algerian Journal of 

Environmental and Sciences, vol. 6, no. 1, 2020. 

https://aljest.org/index.php/aljest/article/view/288. 

[4]  Kishor Kumar Sadasivuni et al., "Ground Water 

Treatment Using Solar Radiation-Vaporization & 

Condensation-Techniques by Solar Desalination System." 

International Journal of Ambient Energy, 2020. DOI: 

10.1080/01430750.2020.1772872. 

[5]  Kishor Kumar Sadasivuni et al., "Productivity 

Enhancement of Solar Still with Thermoelectric Modules 

from Groundwater to Produce Potable Water: A Review." 

Groundwater for Sustainable Development, 2020. DOI: 

10.1016/j.gsd.2020.100429. 

[6]  Abderrahmane Khechekhouche, Boubaker Benhaoua, 

Abd elnaby Kabeel, Mohammed El Hadi Attia, Wael M. 

El-Maghlany. "Improvement of Solar Distiller 

Productivity by a Black Metallic Plate of Zinc as a 

Thermal Storage Material." Journal of Testing and 

Evaluation, vol. 49, no. 2, 2019.: 

https://doi.org/10.1520/JTE20190119. 

https://aljest.org/index.php/aljest/article/view/288
https://doi.org/10.1520/JTE20190119


 Imad Kermerchou et al. / International Journal of Energetica (IJECA) Vol. 8, N°1, 2023, pp. 19-23 

 

Page 23                                                                                                                                                                           

 

[7]  Khechekhouche et al., "Sand Dunes Effect on the 

Productivity of a Single Slope Solar Distiller." Heat and 

Mass Transfer Journal, Springer Nature, vol. 56, no. 4, 

pp. 1117-1126, 2020. https://doi.org/10.1007/s00231-

019-02786-9. 

[8]  Khechekhouche et al., "Traditional Solar Distiller 

Improvement by a Single External Refractor under the 

Climatic Conditions of the El Oued Region, Algeria." 

Desalination and Water Treatment, vol. 117, pp. 23-28, 

2020. https://doi.org/10.5004/dwt.2020.24832. 

[9]  Ridha Cherraye, Bachir Bouchekima, Djamel Bechki, 

Hamza Bouguettaia, Abderrahmane Khechekhouche. 

"The Effect of Tilt Angle on Solar Still Productivity at 

Different Seasons in Arid Conditions-South Algeria." 

International Journal of Ambient Energy, 

2020https://doi.org/10.1080/01430750.2020.1723689. 

[10]  Khechekhouche et al., "Energy, Exergy Analysis, and 

Optimizations of Collector Cover Thickness of a Solar 

Still in El Oued Climate, Algeria." International Journal 

of Photoenergy, vol. 2021, Article ID 6668325. 

https://doi.org/10.1155/2021/6668325. 

[11]  Djamel Khamaia, Ridha Boudhiaf, Abderrahmane 

Khechekhouche, Zied Driss. "Illizi City Sand Impact on 

the Output of a Conventional Solar Still." ASEAN 

Journal of Science and Engineering, vol. 2, no. 3, 2022, 

pp. 267-272. 

[12]  Bellila et al., "Aluminum Wastes Effect on Solar 

Distillation." ASEAN Journal for Science and 

Engineering in Materials, vol. 1, no. 2, 2022. 

[13]  A. Khechekhouche, A. M. de Oliveira Siqueira, Nabil 

Elsharif. "Effect of Plastic Fins on a Traditional Solar 

Still's Efficiency." International Journal of Energetica, 

vol. 7, no. 1, 2022. 

[14]  Khechekhouche et al., "Iron Pieces Effect on the Output 

of Single Slope Solar Still." Heritage and Sustainable 

Development, vol. 4, no. 2, 2022. 

[15]  A. Bellila, I. Kemerchou, A. Sadoun, Z. Driss. "Effect of 

Using Sponge Pieces in a Solar Still." International 

Journal of Energetica, vol. 7, no. 1, 2022, pp. 41-45. 

http://dx.doi.org/10.47238/ijeca.v7i1.197. 

[16]  Kermerchou et al., "Palm Fibers Effect on the 

Performance of a Conventional Solar Still." ASEAN 

Journal For Science And Engineering In Materials, vol. 1, 

no. 1, 2022. 

[17]  A. Sadoun, A. Khechekhouche, I. Kemerchou, M. 

Ghodbane, B. Souyei. "Impact of Natural Charcoal 

Blocks on the Solar Still Output." Heritage and 

Sustainable Development, vol. 4, no. 1, 2022, pp. 61–66. 

[18]  Brihmat et al., "Energy Performance Improvement of a 

Solar Still System Using Date and Olive Kernels: 

Experimental Study." CLEAN - Soil Air Water, 

December 2022. 

[19]  Khechekhouche et al., "Energy, Exergy Investigation of 

Absorber Multilayered Composites Materials of a Solar 

Still in Algeria." Journal of Testing and Evaluation, vol. 

51, no. 5, 2023, pp. 13. 

https://doi.org/10.1520/JTE20220577. 

[20]  Temmer et al. "Effect of Different Carbon Types on a 

Traditional Solar Still's Output." Desalination and Water 

Treatment, In press 2022-2023. 

[21]  A. Khechekhouche et al. "Impact of Solar Energy and 

Energy Storage on a Still's Nocturnal Output." Journal of 

Testing and Evaluation, vol. 51, no. 6, 2023, p. 10. DOI: 

10.1520/JTE20220701. 

[22]  Abdelmonem Miloudi, Abderrahmane Khechekhouche, 

Imad Kermerchou. "Polluted Groundwater Treatment by 

Solar Stills with Palm Fibers." JP Journal of Heat and 

Mass Transfer, vol. 27, 2022. 

[23]  A. Khechekhouche, A. Boukhari, Z. Driss, N.E. 

Benhissen. "Seasonal Effect on Solar Distillation in the 

El-Oued Region of South-East Algeria." International 

Journal of Energetica, vol. 2, no. 1, 2017, pp. 42-45. 

http://dx.doi.org/10.47238/ijeca.v2i1.27. 

[24]  A. Khechekhouche, B. Ben Haoua, Z. Driss. "Solar 

Distillation Between a Simple and Double-Glazing." 

Revue de Mécanique, vol. 2, no. 2, 2017. DOI: 

10.5281/zenodo.1169839. 

[25]  Mehdi Jahangiri, Somayeh Pahlavan, Akbar Alidadi 

Shamsabadi, Abderrahmane Khechekhouche. "Feasibility 

Study of Solar Water Heaters in Algeria: A Review." 

Journal of Solar Energy Research, 2018, pp. 135-146. 

https://jser.ut.ac.ir/article_67424.html. 

[26]  Abderrahmane Khechekhouche, Benhaoua Boubaker, 

Mruthu Manokar, Ravishankar Sathyamurthy, Abd 

Elnaby Kabeel. "Exploitation of an Insulated Air 

Chamber as a Glazed Cover of a Conventional Solar 

Still." Heat Transfer - Asian Research, vol. 48, issue 5, 

2019, pp. 1563-1574. DOI: 10.1002/htj.21446. 

[27]  Abderrahmane Khechekhouche, Nabil Elsharif, Imad 

Kermerchou, Ali Sadoun. "Construction and Performance 

Evaluation of a Conventional Solar Distiller." Heritage 

and Sustainable Development, vol. 1, no. 2, 2019, pp. 74-

77. DOI: 10.37868/hsd.v1i2.3. 

[28]  Abderrahmane Khechekhouche, Zied Driss, Benjamin 

Durakovic. "Effect of Heat Flow via Glazing on the 

Productivity of a Solar Still." International Journal of 

Energetica, vol. 4, no. 2, 2019, pp. 54-57. 

[29]  Belgacem Souyei, Abderrahmane Khechekhouche, 

Souhaila Meneceur. "Effect of Comparison of a Metal 

Plate and a Refractory Plate on a Solar Still." JP Journal 

of Heat and Mass Transfer, vol. 27, 2022. 

[30]  D. Djaballah, B. Benhaoua, A. Khechekhouche. "Surface 

Tension Force Effect on the Solar Still Output." JP 

Journal of Heat and Mass Transfer, vol. 28, 2022. 

[31]  Bellila et al., "Ethanol Effect on the Performance of 

a Conventional Solar Still." ASEAN Journal of 

Science and Engineering, vol 4, 2022, pp. 25-32. 

doi: 10.17509/ajse.v4i1.56026 

https://doi.org/10.1007/s00231-019-02786-9
https://doi.org/10.1007/s00231-019-02786-9
https://doi.org/10.5004/dwt.2020.24832
https://doi.org/10.1080/01430750.2020.1723689
https://doi.org/10.1155/2021/6668325
http://dx.doi.org/10.47238/ijeca.v7i1.197
https://doi.org/10.1520/JTE20220577
http://dx.doi.org/10.47238/ijeca.v2i1.27
https://jser.ut.ac.ir/article_67424.html

