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Solar energy is abundant energy in the earth globe. Solar distillation is one of the
techniques that use this energy to obtain portable water from ground or saltwater.
The purpose of our experimental study is to show that the blocks of natural carbon,
that is to say, the remains of a fire, can serve as an element for improving the
performance of a solar still. For this, two similar solar stills were used, one is taken
as reference SSR and the other modified still SSM contains carbon block. The
results show that there is an improvement rate of 8%.

Introduction

Energy is a very important element in the development of human beings. Energy costs money and it also brings
in money, but having free energy is even better. Renewable energies are almost free energies, especially solar
energy, they have become the objective of several countries. Solar energy like fossil energy is not distributed
evenly over the globe, so each zone has its solar radiation [1-3].
Solar energy is used in several energy devices [4, 5], it is also used in the distillation of polluted groundwater
and affected by fluorine as in the case of a lot of counties and also in the southeast of Algeria [6-8]. The solar
still is the main device of solar distillation in its construction is very simple and easy [9]. The goal of research
laboratories around the world is to improve the performance of solar stills. one of the easiest ways is to use
either external or internal refractors to multiply solar radiation [10-12]. Other research has used complementary
devices, they have integrated a solar collector [13], a concentrator [14], a Fresnel mirror [15], or others in order
to increase the output of solar stills.
The glass cover of the solar still is a very important element, which is why several studies have focused on this
component. Glass cover thickness optimization experiments have been done to find out the best thickness that
a solar still should have [16,17]. The focus of other researchers has been the angle of the glass cover relative to
the horizontal and any variation in this angle directly affects the performance of the solar still [18]. An
investigation has been studied the effect of an air chamber composed of two glass covers. The results obtained
show a strong decrease in the output of the still. The same research group studied heat flow through a still covert.
The conclusion of his studies shows that any increase in the thickness of the covert glass leads to a decrease in
the performance of the still [19,20].
Another very important element in this area is the temperature of the water to be treated. Many researchers have
© The Author 2022. This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that
allows others to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's
authorship and initial publication in this journal.
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tried to raise this temperature using different materials. Experimental works have used local materials in the
water basin such as copper, stainless steel, mica, iron, sand, black zinc metal plate, or others in order to have a
better performance compared to a reference distiller without modification [21-25]. The PCM phase change
material and the nano-fluid technique have been used as an effective way to increase the temperature of the
water. The rate of improvement of different materials depends on their thermal nature and their concentrations
in the case of nano-fluids [26-29].
Our work is purely experimental and it consists of using similar solar stills under the same weather conditions
in order to show the influence of natural charcoal blocks on the performance of the solar still.
2.

Material and methods

An experiment with two similar single slope solar stills (0.5 x 0.5 m) was made at the University of El Oued,
southeastern Algeria in the month of May 2021. The water level in both stills is the same 1 cm. The
thermocouples are placed on either side of the glass cover, in the water and the last is placed in the open air to
measure the ambient temperature. One solar still is used as the SSR reference still and the other is the modified
solar still SSM i.e., a distiller which contains coal blocks in its water basin as shown in Figure 1. In this way,
we can compare the results obtained with the reference solar still SSR. Measurements of the temperature and
the pure water quantity are made every hour throughout the experiment.

Figure 1. Experiment setup
3.

Results and discussion

3.1. Solar radiation and ambient temperature
Solar radiation is one of the most important factors in solar distillation. Figure 2 represents the evolution of this
radiation and the ambient temperature with respect to the experiment in real-time. The solar radiation begins to
increase between 8:00h and 12:00h to reach its maximum 1009 W/m2. Then it decreases until the end of the
experiment with a value of 535 W/m2 at 16:00h. The ambient temperature also increases with the radiation until
it reaches a maximum of 36 °C at 14:00h and we notice stability between 14:00h and 16:00h.

Figure 2. Evolution of solar radiation and ambient temperature
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3.2. Internal glass temperature evolution
Figure 3 shows the inside glass cover temperature as a function of time. The evolution of the temperature of the
glasses (inner face) along the experiment is almost the same as a slight advance of the SSM distiller. We note
that the maximum values at 14:00h of SSR and SSM are 41°C and 42°C respectively.

Figure 3. Internal glass temperature evolution
3.3. Water temperature evolution
Figure 4 shows the water temperature variation of the two solar stills via a real-time view of the experiment.
It is noted that the water temperature in the SSM is much higher than the water temperature in the SSR. This
difference is of course due to the only difference between the two distillers, it is the presence of the coal block.
We also note that the maximum values of MSS (54°C) are greater than SSR (49°C) between 13:00h and 14:00h.

Figure 4. Water temperature evolution
3.4. Temperature gradient
Figure 5 represents the temperature difference between the water to be treated and the glass cover (inner side).
This difference is very important in solar distillation because any increase in this temperature gradient causes
an increase in output from the still [19, 20]. From the beginning of the experiment, we notice that the temperature
gradient of SSM is greater than the temperature gradient of SSR and this gives an idea of the output of the two
stills. It also gives an idea of the influence of the presence of the charcoal blocks in the SSM still.
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Figure 5. Temperature difference between the water and the glass cover (inner side)
3.5. Accumulation output of pure water
Figure 6 represents the variation of pure water accumulation from the two solar stills. Note that the total amount
of pure water collected by the SSM distiller is 3209 ml and the SSR distiller is 2972 ml during 8 hours of the
experiment. So, with a difference of 237 milliliters. This difference is because the SSM distiller has coal blocks
in its water basin. The hourly output of pure water from the two solar stills is shown in Figure 7. It depicts the
variation in productivity over the course of each hour. At 14:00h, the greatest value is 0.18 ml.

Figure 6. Accumulation output of pure water

Figure 7. Hourly output of pure water
4.

Conclusions

Two conventional solar stills of the same dimensions are tested under the same weather conditions in order to
see the influence of the charcoal blocks on the output of the modified solar still SSM. The result shows that the
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output of the SSR reference still is 2972 ml and the SSM still is 3209 ml. The only difference between the two
distillers is the presence of the charcoal block in SSM. An improvement rate of 8 % has been recorded, so we
can take the charcoal blocks as an improvement material.
Declaration of competing interest
The authors declare that they have no any known financial or non-financial competing interests in any material
discussed in this paper.
References
[1] M. Hemmat Esfe, D. Toghraie, "Numerical study of the effect of solar radiation intensity on the performance
of desalination still with Thermoelectric Cooling System (TEC) for hot and dry areas of Semnan, " Case
Studies in Thermal Engineering, pp.101848, 2022.
[2] A. Khechekhouche, B. Boukhari, Z. Driss, N.E. Benhissen, "Seasonal effect on solar distillation in the ElOued region of south-east Algeria, " International Journal of Energetica, vol. 2, pp. 42-45. 2017.
[3] M. Hemmat Esfe, S. Esfandeh, M. Hassan Kamyab, D. Toghraie, "Simulation of the impact of solar
radiation intensity on the performance of economical solar water desalination still in Semnan province,"
Case Studies in Thermal Engineering, vol. 28, pp.101471, 2021.
[4] Adel Laaraba, Abderrahmane Khechekhouche. Numerical Simulation of Natural Convection in the Air Gap
of a Vertical Flat Plat Thermal Solar Collector with Partitions Attached to Its Glazing. Indonesian Journal
of Science & Technology. Vol 3, no2, 2018. pp 14-23.
[5] Mokhtar Ghodbane, Djamel Benmenine, Abderrahmane Khechekhouche, Boussad Boumeddane, "Brief on
Solar Concentrators: Differences and Applications, " Instrumentation Mesure Métrologie, vol. 19, no. 5,
pp. 371-378, 2020.
[6] H. Panchal, KK. Sadasivuni, C. Prajapati, M. Khalid, F.A. Essa, S. Shanmugan, N. Pandya, M. Suresh, M.
Israr, S. Dharaskar, A. Khechekhouche, "Productivity enhancement of solar still with thermoelectric
modules from groundwater to produce potable water: A Review," Groundwater for Sustainable
Development, vol. 11, pp. 100429. 2020.
[7] A. Khechekhouche, B. Benhaoua, MEH. Attia, Z. Driss, A. Manokar, "Polluted Groundwater Treatment in
Southeastern Algeria by Solar Distillation," Algerian Journal of Environmental Science and Technology,
vol. 6, 2020.
[8] K.K. Sadasivuni, H. Panchal, A. Awasthi, M., F.A. Essa, S. Shanmugan, M. Suresh, V. Priya, A.
Khechekhouche, "Ground Water Treatment Using Solar Radiation-Vaporization & CondensationTechniques by Solar Desalination system, " International Journal of Ambient Energy, 2020.
[9] A. Khechekhouche, N. Elsharif, I. Kermerchou, A. Sadoun," Construction and performance evaluation of a
conventional solar distiller," Heritage and Sustainable Development, vol 1, pp. 72-77. 2019.
[10] A. Khechekhouche, A. Kabeel, B. Benhaoua, M. E. H. Attia, and E. M. J. D. W. T. El-Said, "Traditional
solar distiller improvement by a single external refractor under the climatic conditions of the El Oued
region, Algeria, " Desalination and water treatment, vol. 177, pp. 23-28, 2020.
[11] F.A. Essa, A.S. Abdullah, Z.M. Omara, A.E. Kabeel, Y. Gamiel," Experimental study on the performance
of trays solar still with cracks and reflectors," Applied Thermal Engineering, vol. 188, pp. 116652, 2021.
[12] M. R. Assari, H. Basirat Tabrizi, M. Parvar, M. Forooghi Nia," Performance of Rotating Solar Still with
Rotating External Reflectors," International Journal of Engineering (IJE), IJE TRANSACTIONS C:
Aspects, vol. 32, no. 6, pp. 884-892. 2019.
[13] Naseer T. Alwan, S.E. Shcheklein, Obed M. Ali," Experimental investigation of modified solar still
integrated with solar collector," Case Studies in Thermal Engineering, vol. 19, pp. 100614. 2020.
[14] Lu Wang, Xinglong Ma, Yunsheng Zhao, Rihui Jin, Hongfei Zheng, "Performance study of a passive
vertical multiple-effect diffusion solar still directly heated by parabolic concentrator, "Renewable Energy,
vol. 182, pp. 855-866, 2022.
[15] Saxena Abhishek, Deval Navneet, "A High Rated Solar Water Distillation Unit for Solar Homes," Journal
65

HSD Vol. 4, No. 1, April 2022, pp.61- 66

[16]
[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

of engineering, Article ID 7937696, 2016.
H Panchal," Performance Investigation on Variations of Glass Cover Thickness on Solar Still:
Experimental and Theoretical Analysis," Technol Econ Smart Grids Sustain Energy, vol. 17, 2016.
A. Khechekhouche, M. Manokar, R. Sathyamurthy, F. Essa, M. Sadeghzadeh, A. Issakhovm," Energy,
exergy analysis, and optimizations of collector cover thickness of a solar still in El Oued climate, Algeria,"
International Journal of Photoenergy. Article ID 6668325, 2021.
R. Cherraye, B. Bouchekima, D. Bechki, H. Bouguettaia, A. Khechekhouche," The effect of tilt angle on
solar still productivity at different seasons in arid conditions-south Algeria," International Journal of
Ambient Energy. 2020.
A. Khechekhouche, B. Benhaoua, A. M. Manokar, A. E. Kabeel, and R. J. H. T. A. R. Sathyamurthy,"
Exploitation of an insulated air chamber as a glazed cover of a conventional solar still," Heat Transfer Asian Research, vol. 48, pp. 1563-1574. 2019.
A. Khechekhouche, B. Ben Haoua, Z. Driss," Solar distillation between a simple and double-glazing,"
Revue de mécanique, vol. 2, 2017.
Mohammed El Hadi Attia, A.E. Kabeel, Mohamed Abdelgaied, F.A. Essa, Z.M. Omara," Enhancement of
hemispherical solar still productivity using iron, zinc and copper trays," Solar Energy, vol. 216, pp. 295302. 2021.
M. El Hadi Attia, Z. Driss, A. Kabeel, M. Abdelgaied, A. Manokar, R. Sathyamurthy, A. Hussein,"
Performance Evaluation of Modified Solar Still Using Aluminum Foil Sheet as Absorber Cover – A
Comparative Study," Journal of Testing and Evaluation, vol. 49, pp. 3565-3576, 2021.
A. Khechekhouche, B. Benhaoua, M. Manokar, R. Sathyamurthy, A. Kabeel, Z. Driss," Sand dunes effect
on the productivity of a single slope solar distiller," Heat and Mass Transfer Journal, vol. 56, pp. 11171126, 2020.
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. 3, pp. 267-272,
2022.
A. Khechekhouche, B. Benhaoua, A. Kabeel, M. Attia, W 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, 2019.
A. Kumar, A. K. Tiwari, Z. Said. A comprehensive review analysis on advances of evacuated tube solar
collector using nanofluids and PCM," Sustainable Energy Technologies and Assessments, vol. 47, pp.
101417, 2021.
I.M. Alarifi, A.G. Abo-Khalil, A.R. Al-Qawasmi, W. Alharbi, M. Alobaid,"On the effects of nanomaterials
on the performance of solar distillation systems-A comprehensive review," Solar Energy, vol. 218, pp.
596-610, 2021.
M. Elashmawy, M. Alhadri, M. M.Z. Ahmed, "Enhancing tubular solar still performance using novel
PCM-tubes," Desalination, vol. 500, pp. 114880, 2021.
Mohamed Abdelgaied, Mohammed El Hadi Attia, A.E. Kabeel, Mohamed E. Zayed, "Improving the
thermo-economic performance of hemispherical solar distiller using copper oxide nanofluids and phase
change materials: Experimental and theoretical investigation, "Solar Energy Materials and Solar Cells,
vol. 238, pp. 111596, 2022.

66

