
Journal of Heat and Mass Transfer Research 11 (2024), Serial Number 22, 273 – 284 

 

 
Semnan University 

Journal of Heat and Mass Transfer Research 

Journal homepage: https://jhmtr.semnan.ac.ir  

ISSN: 2383-3068  
 

* Corresponding author. 
   E-mail address: ahmed.beaioy@atu.edu.iq 

Cite this article as: 
Alhamzawi, A., 2024. Performance Enhancement of Solar Stills with Novel Materials: A Concise Review. Journal of Heat and Mass 
Transfer Research, 11(2), pp. 273-284. 

https://doi.org/10.22075/JHMTR.2024.34465.1569  

Review Article 

Performance Enhancement of Solar Stills with Novel 

Materials: A Concise Review 

Ahmed Alhamzawi *  

Diwaniyah Technical Institute, Al-Furat Al-Awsat Technical University, Iraqi Ministry of Higher Education, Iraq 

 
A R T I C L E  I N F O  

 
A B S T R A C T  

Ar ticl e  his tory :  

Received:  2024-06-16 

Revised:  2024-07-21 

Accepted:  2024-08-09 

 According to the severe global warming and increasing demand for freshwater worldwide, 

different sustainable solutions for supplying water have been considered. Solar desalination 

is a promising method to convert saline and brackish water resources to distilled water. Solar 

stills are one of the simple solar desalination methods and have low costs compared to similar 

solar-powered methods. However, the low distillation capacity and vast distillation area 

requirements present a challenge for further development of this technique. The application 

of novel materials that enhance the heat and mass transfer rate in solar stills can be a suitable 

approach for performance enhancement. In the current review, the most recent 

advancements according to the novel materials that enhance the distillation rate of the solar 

stills will be discussed and reviewed concisely. The investigated novel materials in the current 

review includes different types of natural materials that have been proposed by researchers. 

Finally, concluding points and future study suggestions will be presented to the researchers. 

The current review provides the researchers with the most recent advances in the integration 

of novel materials with conventional solar stills for heat and mass transfer enhancement. 
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1. Introduction 

Freshwater supply has been a severe issue 
worldwide, and solar desalination can be a 
promising solution to tackle the water shortage 
challenge [1, 2]. Solar stills are the most 
straightforward approach that can be used for 
low freshwater capacity and remote applications 
[3, 4]. A solar still consists of a basin and a glass 
cover works like the water cycle in nature [5, 6]. 
The water evaporates due to the incident solar 
radiation. The generated vapor rises and make 
contact with the lower-temperature glass cover, 
where the water vapor condensates into the form 
of freshwater. Finally, the generated freshwater 
is collected from the down part of glass cover [7, 
8]. Low capital and distillation costs, simple 

construction and maintenance, and portable 
structure are the advantages of solar stills. 
Conversely, low distillation capacity, large area 
requirement, low productivity, and efficiency are 
the drawbacks of solar stills [9, 10]. The 
mechanism of heat and mass transfer in the solar 
stills is based on the convection currents between 
the glass cover and the saline water, and these 
currents happen due to the temperature and 
density difference between the air-vapor mixture 
over the saline water and under the glass cover. 
The density difference makes the upward 
movement of the mixture reach the cooling glass 
cover and condensates its moisture contents. 
Low thermal conduction and diffusion affect the 
majority of air mass not to take part in the 
process. It should be mentioned that the air-
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vapor mixture intensity's circulation is highly 
dependent on the difference in the temperature 
of the saline water and glass cover [10]. There are 
several approaches proposed for the 
performance enhancement of solar stills. The 
application of novel materials in solar stills is the 
preferred research topic, and researchers have 
conducted numerous studies in this field. Dyed 
flax fibers  by Abdelgaied et al. [11], waste bottles 
by Elashmawy et al. [12], natural cellulose fiber 
by Nguyen et al. [13], graphitized carbon-coated 
glass fiber cloth by Li et al. [14], graphene oxide 
composite fiber by Li et al. [15], ultra-robust 
carbon fibers by Li et al. [16], blended-fiber-
based by Liu et al. [17], palm fibers by Miloudi et 
al. [18], reinforced plastic fiber by Sharon et al. 
[19], bamboo fiber by Sun et al. [20], carbon-fiber 
fabric by Tong and Song [21], hollow fibers arrays 
by Wang et al. [22], date palm fiber by Yadav and 
Prakash [23], ceramic fiber-based carbon-carbon 
composite by Yin et al. [24], fiber-based sandwich 
by Zheng et al. [25], and acetate fibers by Zhou et 
al. [26] were the examples of the applications of 
novel materials in solar stills. Moreover, several 
review articles can be found in the literature 
considering different aspects of solar stills and 
methods for their performance enhancement.  
Shoeibi et al. [27] reviewed the applications of 
heat pipes and pulsating heat pipes to enhance 
the performance of solar stills. They concluded 
that solar stills with heat pipe evacuated tubes 
have the lowest distillation cost, and solar stills 
integrated with thermosyphon heat pipes have 
the highest productivity enhancement. Bait [28] 
conducted a review study on the effect of novel 
design concepts including spherical, 
hemispherical, weir-type, and triangular pyramid 
on the performance enhancement of solar stills. 
Based on his review, hemishrical design and 
weir-type designs have the most water 
production rate in the literature. Hammoodi et al. 
[29] reviewed the effective parameters for the 
pyramid solar stills' performance. Based on their 
review, operating, design, and environmental 
parameters can effectively affect the solar stills' 
productivity. Shoeibi et al. [30] performed a 
review survey on the enhancement of 
evaporation and condensation rates in solar stills. 
They concluded that solar stills with 
photovoltaic-thermal and glass-cover cooling 
have the highest water productivity among other 
techniques. Mohsenzadeh et al. [31] reviewed 
different innovative designs for improving the 
performance of solar stills. Their investigation 
focused on remote-area applications, and they 
reported the most efficient design for 
productivity improvement. Dubey et al. [32] 
conducted a review study on the different designs 
of dual-slope solar stills and their effects on their 
performance. Based on this review, the 

integration of solar stills with phase-change 
materials and nanoparticles has been proposed 
for improving their performance. Angappan et al. 
[33] reviewed different performance 
enhancement techniques for pyramid solar stills. 
They reported various techniques, including 
utilizing phase change materials, fins application, 
and integrating solar stills with solar thermal 
collectors. Elsheikh et al. [34] conducted a review 
investigation on methods for improving the 
performance of solar stills. They presented 
several techniques for this purpose, such as 
forced vibration, heating and cooling techniques, 
and condensers and reflectors integration with 
solar stills. Abbaspour et al. [35] reviewed 
different techniques for enhancing the 
performance of vertical solar stills. Some of their 
investigated techniques were dimension 
optimization of the vertical solar still and 
utilization of high-absorption materials in the 
distiller. Abdullah et al. [36] reviewed different 
performance enhancement techniques for 
tubular solar stills. They considered methods 
based on parameters such as geometrical 
dimensions, condensation rate, and the 
absorption coefficient of the solar still’s 
materials. Elgendi et al. [37] reviewed the 
applications of thermoelectric utilization for 
improving solar stills' performance. They 
investigated the thermoelectric cooling, heating, 
and generator effects and their impacts on the 
distillation rate of solar stills. Abdullah et al. [38] 
conducted a review survey on the effect of 
turbulence generation on the solar still’s 
performance enhancement. They investigated 
various turbulence-generating techniques, such 
as rotating components, ultrasonic fogging utility, 
vibration generators, and spraying devices. Peng 
et al. [39] reviewed the applications of 
nanoparticles and porous media in enhancing the 
performance of solar stills. They investigated 
various parameters' effects on productivity, such 
as nanoparticle concentration, porous material 
type, and system geometry. Abdullah et al. [40] 
reviewed the methods for maintaining the 
minimum basin water depth of solar stills to 
enhance performance. Some of their investigated 
techniques are wicks, absorber geometry, and 
rotating components. Katekar and Deshmukh 
[41] reviewed the applications of phase change 
materials effects on the performance 
enhancement of the solar stills. They concluded 
that copper oxide nanoparticles are the best 
material for productivity enhancement of the 
solar stills found in the literature. Also, several 
other reviews can be found in the literature about 
performance enhancement of the solar stills [42], 
using auxiliary components in solar stills for 
productivity improvement [43], low-
temperature solar stills [44], and approaches for 
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freshwater production rate increase of the solar 
stills [45]. 

Previous researchers considered and studied 
different approaches for the performance 
enhancement of solar stills. However, the 
previous reviews rarely investigated the novel 
natural materials that can enhance the heat and 
mass transfer of conventional solar stills and 
consequently improve the distillation capacity of 
solar distillers. Hence, the current review will 
investigate the application of most recent 
innovative materials in solar stills for the heat 
and mass improvement of the conventional solar 
stills. 

2. Solar Stills Integrated with Novel 
Materials  

This section will explore the previous studies 
conducted on the applications of novel materials 
for performance enhancement of solar stills. 
Agrawal and Singh [46] studied experimentally a 
solar still with the application of phase change 
materials. They used novel material of steel wool 
fiber in the solar still in the form of a mixture with 
palmitic acid and stearic acid eutectic phase 
change material. They reported a maximum 
distillation capacity of 3.4 kg/m2 and average 
energy and exergy efficiencies of 38.14% and 
11.8%, respectively, with their proposed novel 
energy storage mixture.  Pandey and Gupta [47] 
experimentally investigated the application of 
solid clay pots as energy storage for the pyramid 
solar still. They studied two scenarios of 16 and 
36 clay pots in two configurations. They 
concluded that the mentioned configurations can 
enhance productivity by 73% and 40%, 
respectively. They reported a maximum daily 
water production of 2.19 L/m2.   

Alshqirate et al. [48] worked on an 
experimental study on the application of natural 
fibers for pyramid solar still performance 
enhancement as shown in Fig. 1. They utilized 
palmately leaf as the natural fiber and inserted 
the novel material in the solar still’s basin for 
evaporation rate enhancement and distillation 
capacity increase. They reported 5160.8 g/m2 for 
the maximum freshwater production and 
thermal and exergy efficiencies of 44.9% and 
3.4% for their investigated distiller. Finally, they 
declared a 44.5% productivity improvement with 
natural fiber. They also determined 0.081 $/L as 
the water distillation cost. 

 
Fig. 1. Application of palmately leaf as the natural fiber in 

solar still’s basin proposed by Alshqirate et al. [48]  

Arunkumar et al. [49] studied experimentally 
the peanut shell application in solar stills for 
performance enhancement. They carbonized the 
peanut shells and coated polyvinyl alcohol 
sponges for solar still applications. They reported 
an evaporation rate of 2.16 kg/m2.h along with 
90.4% efficiency. Finally, they showed the 
potential of peanut shells in the performance 
enhancement of solar distillers. Dumka et al. [50] 
experimentally investigated the application of a 
cotton cloth to enhance the performance of a 
solar still. Their proposed novel material worked 
like a tent to prevent extra misting of the still, 
which enhanced productivity. They reported 
53.12% distillation enhancement and 27.46% 
cost reduction. Also, they reported a thermal 
efficiency improvement of 44.64% with 
freshwater production capacity of 307.25 mL/h. 
Ebrahimpour and Shafii [51] worked 
experimentally on improving the performance of 
solar stills with a novel bio mixture of coffee, 
madder, tea, and dark walnut hull, as shown in 
Fig. 2. They utilized this novel mixture to increase 
solar radiation heat gain and consequently 
productivity. They reported a daily thermal 
efficiency of 44.2% and a distillation cost of 
0.0107 $/L. Their daily distillation capacity was 
also determined to be 4000 mL/m2. 

 
Fig. 2. Application of a novel mixture in solar still’s basin 

proposed by Ebrahimpour and Shafii [51] 
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Hu et al. [52] worked experimentally on a 
novel solar still and evaporator using yolk shell 
material. They utilized a special coating made of 
a silicone sponge and carbon nanotubes. They 
reported the enhancement of solar still by their 
applied coating and reported a 1.72 kg/m2.h 
evaporation rate. They also determined the 
distillation capacity of their proposed solar still to 
be 11.8 kg/m2. Kemerchou et al. [53] investigated 
experimentally solar still performance 
enhancement by the application of palm stems. 
They studied the effect of the number of stems on 
the increase in distillation capacity. They 
reported the maximum freshwater production of 
5080 mL/day for the nine stems scenario. 
Moreover, they determined a 53.01% 
improvement rate with thermal efficiency of 
57.90% for the mentioned test scenario.  
Kiriarachchi et al. [54] studied experimentally the 
application of cotton nanocomposite fibers to 
enhance the performance of a solar still. Their 
utilized novel material was plasmonic 
functionalized cotton nanocomposite fiber 
integrated with Au and Ag nanoparticles. They 
reported their proposed water distiller's 
maximum evaporation rate of 11.3 kg/m2.h and 
thermal efficiency of 94.3%. Li et al. [15] worked 
experimentally on the solar still performance 
improvement by the graphene oxide composite 
fiber. Their utilized material was made of non-
woven fabric. Based on their results, the 
application of the mentioned novel materials 
resulted in 1.54 kg/m2.h with 97.83% 
evaporation efficiency. Also, they reported 1.1 
kg/m2.h of average evaporation using their 
proposed novel fabric. Lu et al. [55] 
experimentally investigated the application of 
plant fibers to improve the performance of solar 
stills. Their novel material was papermaking 
pulp. They reported an evaporation rate of 1.38 
kg/m2.h with 84.27% thermal efficiency. Finally, 
they determined 1.75 $/m2 for their proposed 
solar distiller capital cost. Mandev et al. [56] 
studied experimentally the application of 
cellulose-based absorbent material for the 
performance enhancement of solar stills as 
shown in Fig. 3. Their utilized material was used 
as a water absorber in the basin. They resulted in 
a 120 g/h water distillation capacity. They also 
reported 45% thermal efficiency enhancement 
and 35% freshwater production cost reduction 
for their proposed water distiller. 

 
Fig. 3. Application of cellulose-based absorbent material in 

solar still’s basin proposed by Mandev et al. [56] 

Modi et al. [57, 58] investigated the 
application of jute cloth as a wick in the double 
basin solar still performance enhancement. They 
investigated the effect of heat transfer and the 
porosity of the novel material on the solar still’s 
performance. They concluded that the 
application of jute cloth significantly improved 
productivity and thermal efficiency by 27.31% 
and 29.37%, respectively.  They determined the 
distillation rate of 942.25 mL/m2 for their 
proposed system.  Nair et al. [59] studied 
experimentally the application of chlorophyll 
pigment and conch shell in the solar still 
performance enhancement. They reported the 
maximum freshwater production of 1.2 L/h with 
73◦  temperature of the shell. They concluded 
that 60% productivity can be achieved by 
applying novel material. Finally, they determined 
their proposed system's payback period of 2 
months. Negi et al. [60] experimentally 
investigated the application of the Khes novel 
material as a wick to enhance the performance of 
solar stills. They concluded that their proposed 
system can achieve a maximum productivity of 
4.372 kg/m2. They also reported a payback 
period of 1.11 years and a distillation cost of 1.38 
₹/L for their proposed system. Noman et al. [61, 
62] studied experimentally the application of 
pistachio shell powder for tubular solar still 
performance improvement, as shown in Fig. 4. 
They showed that this novel material serves as a 
thermal energy storage and enhanced 
productivity by 46.26%. They also reported 
energy and exergy efficiencies of 22.36% and 
1.98%, and a payback period of 0.636 years, and 
2.7 kg/day of water distillation. 
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Fig. 4. Application of pistachio shell powder material in solar 

still proposed by Noman et al. [61, 62] 

Sampathkumar and Natarajan [63, 64] 
experimentally investigated the application of 
agar-agar fiber to enhance the performance of 
solar stills, as shown in Fig. 5. Their utilized 
material was Eucheuma fiber. They reported 
22.06% productivity enhancement. They 
determined the distillation capacity of 3800 
mL/m2.day and 13% thermal efficiency 
enhancement. Finally, they reported 5.1 months 
for a payback period with 0.026 $/L freshwater 
production cost. 

 
Fig. 5. Application of agar-agar fiber in solar still’s basin 

proposed by Sampathkumar and Natarajan [63, 64] 

Sibagariang et al. [65] studied experimentally 
the application of oil palm shells to enhance the 
performance of a double-slope solar still, as 
shown in Fig.6. This novel material was used as a 
heat storage material for the solar distiller. They 
reported a productivity enhancement of 39% 
with 2.082 L/m2.day distillation capacity. They 
also determined 41.71%, 2.994%, and 0.043 
$/L.m2 for their investigated system's energy, 
exergy, and distillation costs. 

 
Fig. 6. Application of oil palm shells material in solar still 

proposed by Sibagariang et al. [65] 

Suraparaju et al. [66-70] investigated 
experimentally the application of natural fiber on 
the performance enhancement of solar still. Ridge 
gourd was their natural fiber as shown in Fig. 7. 
They determined the distillation capacity of 1600 
mL/day for their proposed system. They also 
reported 4.7 months for payback period and 
0.034 $/L for distillation cost. 

 
Fig. 7. Application of Ridge gourd material in solar still’s 

basin proposed by Suraparaju et al. [66-70]  

Xiong et al. [71] investigated experimentally 
the application of polypyrrole-decorated 
polyester fiber for performance enhancement of 
the solar stills. They concluded that the 
evaporation rate can reach 3.77 kg/m2.h. They 
also reported 26 kg/day freshwater production 
capacity for their proposed desalination system. 
Phase change materials (PCMs) applications on 
the thermal performance enhancement of the 
solar stills can be considered as one of the 
possible approaches for the utilization novel 
materials on the solar stills’ freshwater rate 
increase. Several studies on the PCMs 
applications such as the utilization of different oil 
types and paraffin wax [72-76], and biomaterial 
[77] can be found in literature. The applications 
of novel porous materials can be also considered 
as an effective way for solar stills’ performance 
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enhancement. Different porous materials such as 
snail shell biomaterials [78], machining metal 
scrap [79], waste tyre pieces [80], crushed 
granite stone [81], black sponge rubber [82, 83] 
have been proposed by the researchers for solar 
stills’ performance enhancement. Moreover, the 
application of natural materials on the 
performance enhancement of solar stills can be 

found in the literature. These materials such as 
molasses powder [84], gravel [85], and 
chrysopogon zizanioides [86] have shown good 
potentials on the performance improvement of 
the solar stills. The summary of the different 
novel materials applications for solar stills 
performance enhancement is tabulated in Table 
1.  

Table 1. Different novel materials for performance enhancement of solar stills  

Authors Investigated material 
Freshwater 
production 
capacity  

Main Results 

Agrawal and Singh 
[46] 

Steel wool fiber 3.8  
kg/m2 

Performance improvement by phase change material 
integration with novel material 

average energy and exergy efficiencies of 38.14% and 
11.8%, 

Pandey and Gupta 
[47] 

Solid clay pots 2.19 
L/m2.day 

Productivity improvement of 73% and 40%, 
respectively for 16 and 36 clay pots  

Alshqirate et al. 
[48] 

Palmately leaf as the 
natural fiber 

5160.8 
g/m2 

Productivity improvement of 44.5% 

Thermal and exergy efficiencies of 44.9% and 3.4% 

The water distillation cost of 0.081 $/L  

Arunkumar et al. 
[49] 

Peanut shells 2.16 
kg/m2.h 

Evaporation efficiency of 90.4% 

Dumka et al. 
[50] 

Cotton cloth 307.25 
mL/h 

53.12% distillation enhancement  

27.46% cost reduction.  

Thermal efficiency improvement of 44.64% 

Ebrahimpour and 

Shafii [51] 

Mixture of coffee, 
madder, tea, and dark 
walnut hull 

4000 
mL/m2 

Daily thermal efficiency of 44.2% and  

Distillation cost of 0.0107 $/L 

Hu et al. [52] Yolk shell 11.8 
kg/m2 

Evaporation rate of 1.72 kg/m2.h  

Kemerchou et al. 
[53] 

Palm stems 5080 
mL/day 

53.01% distilltion improvement rate  

Maximum thermal efficiency of 57.90% 

Kiriarachchi et al. 
[54] 

Cotton nanocomposite 
fibers 

11.3 
kg/m2.h 

Maximum thermal efficiency of 94.3% 

Li et al. 
[15] 

Graphene oxide 
composite fiber 

1.54 
kg/m2.h 

97.83% of thermal efficiency 

Lu et al. 
[55] 

Compressible plant 
fibers 

1.38 
kg/m2.h 

Thermal efficiency of 84.27%  

Capital cost of 1.75 $/m2 

Mandev et al. 
[56] 

Cellulose-based water 
absorber 

120 g/h 45% thermal efficiency enhancement  

35% freshwater production cost reduction 

Modi et al. 
[57, 58] 

Jute cloth 942.25 
mL/m2 

Productivity increase of 27.31% 

Thermal efficiency increase of 29.37% 

Nair et al. [59] Chlorophyll pigment 
and conch shell  

1.2 L/h 60% productivity enhancement  

Payback period of 2 months 

Negi et al. [60] Khes wick 4.372 
kg/m2 

Payback period of 1.11 years  

Distillation cost of 1.38 ₹/L 

Noman et al. [61, 62] Pistachio shell powder 2.7 kg/day Energy and exergy efficiencies of 22.36% and 1.98%,  

Payback period of 0.636 years 
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Sampathkumar and 
Natarajan [63, 64] 

Agar/Agar 3800 
mL/m2.day 

22.06% productivity enhancement 

13% thermal efficiency enhancement  

5.1 months for a payback period with 0.026 $/L 
freshwater production cost 

Sibagariang et al. 
[65] 

Oil palm shells 2.082 
L/m2.day 

Productivity enhancement of 39% 

41.71%, 2.994%, and 0.043 $/L.m2 for their 
investigated system's energy, exergy, and distillation 
costs 

Suraparaju et al. 
[66-70] 

Natural fiber 1600 
mL/day 

Payback period of 4.7 months  

Distillation cost of 0.034 $/L 

Xiong et al. [71] Polypyrrole decorated 
polyester fiber 

3.77 
kg/m2.h 

Evaporation rate of 3.77 kg/m2.h 

 

3. Conclusions and Future Works 

The focus of this review article was on the 
performance enhancement of solar stills by using 
novel materials. Various innovative materials 
were introduced and investigated in this article. 
Different functions of these materials can be 
noticed, such as thermal storage effects, 
increasing heat and mass transfer area, creating a 
porous medium in the basin, and functioning as a 
water absorbent. The other point that should be 
mentioned is the researchers' interest in 
introducing waste and biomass materials as 
additive materials to the solar stills to reduce the 
distillation cost, preserve the environment, and 
increase the productivity of conventional solar 
stills. Also, the applications of the PCMs, porous 
media-based materials and natural materials 
were considered in the current review. The 
current research trend in this field shows that in 
the future, researchers will work more on hybrid 
biomass-based materials and conduct more 
experimental studies for further development of 
solar distillers. Moreover, the synthesis of more 
novel materials as means of thermal properties 
improvement, such as thermal conductivity for 
heat transfer increase of solar stills, is another 
approach for future studies. The materials with 
porous structure or with phase change and 
energy storage characteristics will be more 
studied in the future for the heat and mass 
transfer enhancement of the solar stills.  
Accessibility of the introduced materials is 
another issue that the researchers should 
consider. Tecno-economic analysis is also 
suggested to researchers for the application of 
novel materials in solar stills to determine the 
further development potential of the solar stills 
with innovative materials. 

Funding Statement 

This research did not receive any specific 
grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 

Conflicts of Interest 

The author declares that there is no conflict of 
interest regarding the publication of this article. 

References 

[1] Chauhan, V.K., Shukla, S.K., Tirkey, J.V. and 
Rathore, P.K.S., 2021. A comprehensive 
review of direct solar desalination 
techniques and its advancements. Journal of 
Cleaner Production, 284, p.124719. 

[2] Mohamed, A.S.A., Shahdy, A.G., Mohamed, 
H.A. and Ahmed, M.S., 2023. A 
comprehensive review of the vacuum solar 
still systems. Renewable and Sustainable 
Energy Reviews, 184, p.113572. 

[3] Ahmed, M.M., Alshammari, F., Abdullah, A.S. 
and Elashmawy, M., 2021. Basin and tubular 
solar distillation systems: a review. Process 
Safety and Environmental Protection, 150, 
pp.157-178. 

[4] Mehta, P., Bhatt, N., Bassan, G., Said, Z. and 
ElCheikh, A., 2024. Exploring stepped solar 
still developments with a case study for 
potable water provision in salt farming 
regions. Sustainable Energy Technologies 
and Assessments, 64, p.103700. 

[5] Younis, O., Hussein, A.K., Attia, M.E.H., 
Rashid, F.L., Kolsi, L., Biswal, U., 
Abderrahmane, A., Mourad, A. and Alazzam, 
A., 2022. Hemispherical solar still: Recent 
advances and development. Energy Reports, 
8, pp.8236-8258. 

[6] Alatawi, I., Khaliq, A., Heniegal, A.M.A., 
Abdelaziz, G.B. and Elashmawy, M., 2022. 
Tubular solar stills: Recent developments 
and future. Solar Energy Materials and Solar 
Cells, 242, p.111785. 



Alhamzawi / Journal of Heat and Mass Transfer Research 11 (2024) 273 - 284 

280 

[7] Peng, G. and Sharshir, S.W., 2023. Progress 
and performance of multi-stage solar still–A 
review. Desalination, 565, p.116829. 

[8] Hammoodi, K.A., Dhahad, H.A., Alawee, W.H., 
Omara, Z.M. and Yusaf, T., 2023. Pyramid 
solar distillers: a comprehensive review of 
recent techniques. Results in Engineering, 
18, p.101157. 

[9] Dehghan, M., Ghasemizadeh, M. and Rashidi, 
S., 2022. Solar-driven water treatment: 
generation II technologies. In Solar-driven 
water treatment (pp. 119-200). Academic 
Press. 

[10] Belessiotis, V., Kalogirou, S. and Delyannis, 
E., 2016. Thermal solar desalination: 
methods and systems. Elsevier. 

[11] Abdelgaied, M., Attia, M.E.H., Arıcı, M. and 
Abdel-Aziz, M.M., 2022. Enhancing the 
productivity of hemispherical solar distillers 
using dyed flax fibers as natural inexpensive 
porous materials. Journal of Cleaner 
Production, 379, p.134674. 

[12] Elashmawy, M., Sharshir, S.W., Abdelaziz, 
G.B., Alshammari, F., Ahmed, M.M. and 
Soliman, A.M., 2024. Novel solar still design 
using transparent waste bottles. Journal of 
Cleaner Production, 434, p.140090. 

[13] Nguyen, H.G., Nguyen, T.A.H., Do, D.B., Pham, 
X.N., Nguyen, T.H., Nghiem, H.L.T., Nguyen, 
M.V. and Pham, T.T., 2023. Natural cellulose 
fiber-derived photothermal aerogel for 
efficient and sustainable solar desalination. 
Langmuir, 39(19), pp.6780-6793. 

[14] Li, W., Han, K., Zhang, Y., Li, Y., Hu, J., Ma, L. 
and Yue, M., 2022. Preparation of 
graphitized carbon-coated glass fiber cloth 
materials with high mechanical strength, 
corrosion resistance, and solar-driven water 
evaporation performance. Solar Energy 
Materials and Solar Cells, 248, p.112015. 

[15] Li, Z., Lei, H., Mu, Z., Zhang, Y., Zhang, J., Zhou, 
Y., Xie, H. and Yu, W., 2022. Reduced 
graphene oxide composite fiber for solar-
driven evaporation and seawater 
desalination. Renewable Energy, 191, 
pp.932-942.  

[16] Li, T., Fang, Q., Xi, X., Chen, Y. and Liu, F., 
2019. Ultra-robust carbon fibers for multi-
media purification via solar-evaporation. 
Journal of Materials Chemistry A, 7(2), 
pp.586-593. 

[17] Liu, Q., Liu, X., Chen, G., Feng, P., Xiong, Y., An, 
M., Shao, C., Zhu, X., Wang, R., Sun, J. and Sun, 
J., 2024. A robust and low-cost blended-
fiber-based evaporator with high efficiency 

for solar desalination. Desalination, 583, 
p.117715.  

[18] Miloudi, A., Khechekhouche, A. and 
Kermerchou, I., 2022. Polluted Groundwater 
Treatment by Solar Stills with Palm Fibers. 
JP Journal of Heat and Mass Transfer, 27, 
pp.1-12. 

[19] Sharon, H., Prabha, C., Vijay, R., Niyas, A.M. 
and Gorjian, S., 2021. Assessing suitability of 
commercial fibre reinforced plastic solar still 
for sustainable potable water production in 
rural India through detailed energy-exergy-
economic analyses and environmental 
impacts. Journal of Environmental 
Management, 295, p.113034.  

[20] Sun, X., Jia, X., Yang, J., Wang, S., Li, Y., Shao, D. 
and Song, H., 2021. Bamboo fiber-reinforced 
chitosan sponge as a robust photothermal 
evaporator for efficient solar vapor 
generation. Journal of Materials Chemistry A, 
9(42), pp.23891-23901.  

[21] Tong, D. and Song, B., 2022. A high-efficient 
and ultra-strong interfacial solar evaporator 
based on carbon-fiber fabric for seawater 
and wastewater purification. Desalination, 
527, p.115586. 

[22] Wang, Y., Liang, W., Liang, F., Wang, C., Song, 
X., Huang, M. and Jiang, H., 2020. Wettable 
photothermal hollow fibers arrays for 
efficient solar-driven desalination under 
omnidirectional illumination without salt 
precipitation. Materials Today Energy, 16, 
p.100391.  

[23] Yadav, P. and Prakash, O., 2024. Enhanced 
Thermal Performance of Alkali-Treated 
Bamboo, Coir, and Date Palm Fiber 
Composites for Solar Distillation 
Applications. Russian Physics Journal, pp.1-
8. 

[24] Yin, M., Hsin, Y., Guo, X., Zhang, R., Huang, X. 
and Zhang, X., 2021. Facile and low-cost 
ceramic fiber-based carbon-carbon 
composite for solar evaporation. Science of 
The Total Environment, 759, p.143546.  

[25] Zheng, X., Huang, A., Xiao, Y., Qu, D. and Qin, 
G., 2024. A fiber-based sandwich evaporator 
for effective solar evaporation and salt-
rejection performance. Desalination, 577, 
p.117416. 

[26] Zhou, H., Xue, C., Chang, Q., Yang, J. and Hu, S., 
2021. Assembling carbon dots on vertically 
aligned acetate fibers as ideal salt-rejecting 
evaporators for solar water purification. 
Chemical Engineering Journal, 421, 
p.129822.  



Alhamzawi / Journal of Heat and Mass Transfer Research 11 (2024) 273 - 284 

281 

[27]Shoeibi, S., Mirjalily, S.A.A., Kargarsharifabad, 
H., Khiadani, M. and Panchal, H., 2022. A 
comprehensive review on performance 
improvement of solar desalination with 
applications of heat pipes. Desalination, 540, 
p.115983. 

[28] Bait, O., 2024. A critical review on triangular 
pyramid, weir–type, spherical, and 
hemispherical solar water distiller 
conceptions. Solar Energy, 269, p.112322.  

[29] Hammoodi, K.A., Dhahad, H.A., Alawee, W.H. 
and Omara, Z.M., 2023. A detailed review of 
the factors impacting pyramid type solar still 
performance. Alexandria Engineering 
Journal, 66, pp.123-154.  

[30] Shoeibi, S., Rahbar, N., Esfahlani, A.A. and 
Kargarsharifabad, H., 2021. A review of 
techniques for simultaneous enhancement 
of evaporation and condensation rates in 
solar stills. Solar Energy, 225, pp.666-693.  

[31] Mohsenzadeh, M., Aye, L. and Christopher, P., 
2021. A review on various designs for 
performance improvement of passive solar 
stills for remote areas. Solar Energy, 228, 
pp.594-611.  

[32] Dubey, A., Singh, S.K. and Tyagi, S.K., 2022. 
Advances in design and performance of dual 
slope solar still: a review. Solar Energy, 244, 
pp.189-217.  

[33] Angappan, G., Pandiaraj, S., Panchal, H., 
Kathiresan, T., Ather, D., Dutta, C., 
Subramaniam, M.K., Muthusamy, S., Kabeel, 
A.E., El-Shafay, A.S. and Sadasivuni, K.K., 
2022. An extensive review of performance 
enhancement techniques for pyramid solar 
still for solar thermal applications. 
Desalination, 532, p.115692.  

[34] Elsheikh, A., Hammoodi, K.A., Ibrahim, A., 
Mourad, A.H.I., Fujii, M. and Abd-Elaziem, W., 
2023. Augmentation and evaluation of solar 
still performance: A comprehensive review. 
Desalination, p.117239.  

[35] Abbaspour, M., Ramiar, A. and Esmaili, Q., 
2022. Efficiency improvement of vertical 
solar stills–A review. Solar Energy, 235, 
pp.19-35.  

[36] Abdullah, A.S., Essa, F.A., Panchal, H., Alawee, 
W.H. and Elsheikh, A.H., 2023. Enhancing the 
performance of tubular solar stills for water 
purification: A comprehensive review and 
comparative analysis of methodologies and 
materials. Results in Engineering, p.101722.  

[37] Elgendi, M., Kabeel, A.E. and Essa, F.A., 2023. 
Improving the solar still productivity using 
thermoelectric materials: A review. 

Alexandria Engineering Journal, 65, pp.963-
982.  

[38] Abdullah, A.S., Panchal, H., Alawee, W.H. and 
Omara, Z.M., 2023. Methods used to improve 
solar still performance with generated 
turbulence for water desalination-detailed 
review. Results in Engineering, p.101251.  

[39] Peng, G., Sharshir, S.W., Wang, Y., An, M., Ma, 
D., Zang, J., Kabeel, A.E. and Yang, N., 2021. 
Potential and challenges of improving solar 
still by micro/nano-particles and porous 
materials-A review. Journal of Cleaner 
Production, 311, p.127432.  

[40] Abdullah, A.S., Alawee, W.H., Shanmugan, S. 
and Omara, Z.M., 2023. Techniques used to 
maintain minimum water depth of solar 
stills for water desalination–A comparative 
review. Results in Engineering, p.101301.  

[41] Katekar, V.P. and Deshmukh, S.S., 2020. A 
review of the use of phase change materials 
on performance of solar stills. Journal of 
Energy Storage, 30, p.101398.  

[42] Suraparaju, S.K. and Natarajan, S.K., 2022. 
Review on productivity enhancement of 
passive solar stills. Renewable Energy 
Technologies: Advances and Emerging 
Trends for Sustainability, pp.165-216.  

[43] Dhivagar, R., 2021. A concise review on 
productivity and economic analysis of 
Auxiliary‐component‐assisted solar stills. 
Energy Technology, 9(11), p.2100501.  

[44] Natarajan, S.K., Suraparaju, S.K. and 
Elavarasan, R.M., 2022. A review on low-
temperature thermal desalination approach. 
Environmental Science and Pollution 
Research, 29(22), pp.32443-32466.  

[45] Dhivagar, R. and Sundararaj, S., 2018. A 
review on methods of productivity 
improvement in solar desalination. Applied 
Mechanics and Materials, 877, pp.414-429.  

[46] Agrawal, R. and Singh, K.D.P., 2021. 
Performance evaluation of double slope 
solar still augmented with binary eutectic 
phase change material and steel wool fibre. 
Sustainable Energy Technologies and 
Assessments, 48, p.101597.  

[47] Pandey, H. and Gupta, N.K., 2022. 
Productivity analysis of pyramid solar still 
with solid clay pots. Materials Today: 
Proceedings, 62, pp.4081-4085. 

[48] Alshqirate, A., Awad, A.S., Al Alawin, A. and 
Essa, M.A., 2023. Experimental investigation 
of solar still productivity enhancement of 
distilled water by using natural fibers. 
Desalination, 553, p.116487.  



Alhamzawi / Journal of Heat and Mass Transfer Research 11 (2024) 273 - 284 

282 

[49] Arunkumar, T., Wilson, H.M., Lim, H.W., 
Hameed, A.Z. and Lee, S.J., 2023. Peanut 
shell-derived photothermal absorber for 
solar desalination. Desalination, 565, 
p.116901.  

[50] Dumka, P., Jain, A. and Mishra, D.R., 2020. 
Energy, exergy, and economic analysis of 
single slope conventional solar still 
augmented with an ultrasonic fogger and a 
cotton cloth. Journal of Energy Storage, 30, 
p.101541.  

[51] Ebrahimpour, B. and Shafii, M.B., 2022. 
Experimental evaluation of the effect of 
boulders and fines in biodegradable organic 
materials on the improvement of solar stills. 
Solar Energy, 247, pp.453-467.  

[52] Hu, T., Li, L., Yang, Y. and Zhang, J., 2020. A 
yolk@ shell 
superhydrophobic/superhydrophilic solar 
evaporator for efficient and stable 
desalination. Journal of Materials Chemistry 
A, 8(29), pp.14736-14745.  

[53] Kemerchou, I., Abderrahim, A., 
Khechekhouche, A. and Bellila, A., 2024. 
Enhancing solar still efficiency in 
southeastern Algeria: An experimental case 
with palm stems. Desalination and Water 
Treatment, 317, p.100148.  

[54] Kiriarachchi, H.D., Awad, F.S., Hassan, A.A., 
Bobb, J.A., Lin, A. and El-Shall, M.S., 2018. 
Plasmonic chemically modified cotton 
nanocomposite fibers for efficient solar 
water desalination and wastewater 
treatment. Nanoscale, 10(39), pp.18531-
18539.  

[55] Lu, X., Tang, J., Song, Z., Wang, H., Yu, D., Li, G., 
Li, W. and Liu, W., 2022. Hyperstable and 
compressible plant fibers/chitosan aerogel 
as portable solar evaporator. Solar Energy, 
231, pp.828-836.  

[56] Mandev, E., Muratçobanoğlu, B., Çelik, A., 
Ceviz, M.A., Di Nicola, G. and Afshari, F., 2024. 
Improving solar still efficiency through 
integration of cellulose-based water 
absorbers and Peltier condensation unit. 
Thermal Science and Engineering Progress, 
49, p.102475.  

[57] Modi, K.V. and Modi, J.G., 2020. Influence of 
wick pile of jute cloth on distillate yield of 
double-basin single-slope solar still: 
theoretical and experimental study. Solar 
Energy, 205, pp.512-530. 

[58] Modi, K.V., Maurya, S.R., Parmar, J.H., 
Kalsariya, A.B. and Panasara, P.B., 2022. An 
experimental investigation of the 
effectiveness of partially and fully 

submerged metal hollow-fins and jute cloth 
wick-fins on the performance of a dual-basin 
single-slope solar still. Cleaner Engineering 
and Technology, 6, p.100392.  

[59] Nair, R., Nambiar, S., Praneeth, K.S.T., 
Abhinav, B.S.B., Menon, S., Sharma, D., 
Vijayaragavan, M. and Subramanian, B., 
2022. Investigation on use of chlorophyll 
pigment and conch shell on the productivity 
of single slope solar still. Solar Energy, 246, 
pp.181-188.  

[60] Negi, A., Verma, R.P., Saxena, A., Ranakoti, L., 
Bhandari, P., Singh, T. and Tiwari, G.N., 2023. 
Design and performance of black painted 
Khes wick modified solar still: An 
experimental and 5E analysis. International 
Journal of Thermofluids, 20, p.100491. 

[61] Noman, S. and Manokar, A.M., 2024. 
Experimental investigation of pistachio shell 
powder (bio-waste) to augment the 
performance of tubular solar still: Energy, 
exergy, and environmental analysis. 
Desalination, 576, p.117317. 

[62] Noman, S., Kabeel, A.E. and Manokar, A.M., 
2024. Performance improvement of tubular 
solar still with pistachios shell materials: 
Energy, exergy, economic, and sustainability 
analysis. Journal of Energy Storage, 78, 
p.110132.  

[63] Sampathkumar, A. and Natarajan, S.K., 2022. 
Experimental investigation of single slope 
solar still with Eucheuma (agar‐agar) fiber 
for augmentation of freshwater yield: 
Thermo‐economic analysis. Environmental 
Progress & Sustainable Energy, 41(2), 
p.e13750.  

[64] Sampathkumar, A. and Natarajan, S.K., 2022. 
Experimental analysis on single slope solar 
still by the inclusion of Agar-Agar 
(Eucheuma) Fibre and micro Phase Change 
Material for the productivity enhancement. 
Journal of Energy Storage, 50, p.104284. 

[65] Sibagariang, Y.P., Napitupulu, F.H., Kawai, H. 
and Ambarita, H., 2023. Study on the effect of 
oil palm shells on fresh water productivity of 
double slope solar still. Journal of Energy 
Storage, 70, p.108000. 

[66] Suraparaju, S.K. and Natarajan, S.K., 2020. 
Performance analysis of single slope solar 
desalination setup with natural fiber. 
Desalin Water Treat, 193(February), pp.64-
71. 

[67] Suraparaju, S.K. and Natarajan, S.K., 2022. 
Sustainability assessment of single slope 
solar still with glass cover cooling using 
naturally available fibers. Environmental 



Alhamzawi / Journal of Heat and Mass Transfer Research 11 (2024) 273 - 284 

283 

Progress & Sustainable Energy, 41(4), 
p.e13840.  

[68] Suraparaju, S.K. and Natarajan, S.K., 2022. 
Effect of natural sisal fibre on enhancing the 
condensation rate of solar still for 
sustainable clean water production. Thermal 
Science and Engineering Progress, 36, 
p.101527. 

[69] Suraparaju, S.K., Samykano, M., Natarajan, 
S.K., Pandey, A.K. and Bora, N.V., 2024. Effect 
of natural kenaf fiber on the augmentation of 
condensation rates in solar desalination: a 
sustainable approach to clean water 
production. Journal of Thermal Analysis and 
Calorimetry, pp.1-20.  

[70] Suraparaju, S.K., Dhanusuraman, R. and 
Natarajan, S.K., 2021. Performance 
evaluation of single slope solar still with 
novel pond fibres. Process Safety and 
Environmental Protection, 154, pp.142-154.  

[71] Xiong, J., Yi, J., Peng, S., Yang, Z., Wu, Y., Wang, 
W., Lv, S., Peng, J., Xue, C., Min, X. and Li, M., 
2022. Plant transpiration-inspired 
environmental energy-enhanced solar 
evaporator fabricated by polypyrrole 
decorated polyester fiber bundles for 
efficient water purification. Journal of 
Cleaner Production, 379, p.134683. 

[72] Suraparaju, S.K., Sampathkumar, A. and 
Natarajan, S.K., 2023. Development of 
paraffin wax & used cooking oil based 
composite thermal energy storage for 
efficient potable water generation in a solar 
distillation unit. Journal of Energy Storage, 
69, p.107856.  

[73] Suraparaju, S.K., Samykano, M., Natarajan, 
S.K., Rajamony, R.K. and Pandey, A.K., 2024. 
Waste-derived thermal storage solutions for 
sustainable solar desalination using 
discarded engine oil and paraffin wax: A 
techno-environmental feasibility evaluation. 
Desalination, 576, p.117318.  

[74] Suraparaju, S.K., Samykano, M., Dhivagar, R., 
Natarajan, S.K. and Ghazali, M.F., 2024. 
Synergizing environmental and 
technological advances: Discarded 
transmission oil and paraffin wax as a phase 
change material for energy storage in solar 
distillation as a step towards sustainability. 
Journal of Energy Storage, 85, p.111046.  

[75] Suraparaju, S.K. and Natarajan, S.K., 2023. 
Development of thermal energy storage 
material from blends of jatropha biodiesel 
and paraffin wax for augmenting freshwater 
generation capacity in a solar desalination 

system. Journal of Energy Resources 
Technology, pp.1-47.  

[76] Zarei, M., Rashidi, S., Rafee, R. and Li, G., 
2024. Sustainable freshwater production 
using novel cascade solar still with phase 
change material, serpentine water path, and 
copper fins. Environmental Science and 
Pollution Research, 31(11), pp.16928-
16939.  

[77] Dhivagar, R., Shoeibi, S., Parsa, S.M., 
Hoseinzadeh, S., Kargarsharifabad, H. and 
Khiadani, M., 2023. Performance evaluation 
of solar still using energy storage 
biomaterial with porous surface: An 
experimental study and environmental 
analysis. Renewable Energy, 206, pp.879-
889.  

[78] Dhivagar, R., Suraparaju, S.K., Atamurotov, 
F., Kannan, K.G., Opakhai, S. and Omara, A.A., 
2024. Performance analysis of snail shell 
biomaterials in solar still for clean water 
production: nature-inspired innovation for 
sustainability. Water Science & Technology, 
89(12), pp.3325-3343.  

[79] Peddojula, M.K., Suraparaju, S.K., Samykano, 
M., Kadambari, C.V.K., Pathan, Y., Zaza, A., 
Kanth, V.K., Rajamony, R.K., Natarajan, S.K. 
and Budala, S.B., 2024. Synergetic 
integration of machining metal scrap for 
enhanced evaporation in solar stills: A 
sustainable novel solution for potable water 
production. Thermal Science and 
Engineering Progress, 51, p.102647.  

[80] Suraparaju, S.K. and Natarajan, S.K., 2023. 
Waste tyre pieces as photothermal 
absorbers for efficient evaporation in solar 
desalination systems. Clean Technologies 
and Environmental Policy, 25(10), pp.3161-
3176.  

[81] Dhivagar, R., Shoeibi, S., Kargarsharifabad, 
H., Sadi, M., Arabkoohsar, A. and Khiadani, 
M., 2024. Performance analysis of solar 
desalination using crushed granite stone as 
an energy storage material and the 
integration of solar district heating. Energy 
Sources, Part A: Recovery, Utilization, and 
Environmental Effects, 46(1), pp.1370-1388. 

[82] Rashidi, S., Rahbar, N., Valipour, M.S. and 
Esfahani, J.A., 2018. Enhancement of solar 
still by reticular porous media: experimental 
investigation with exergy and economic 
analysis. Applied Thermal Engineering, 130, 
pp.1341-1348.  

[83] Sellami, M.H., Belkis, T., Aliouar, M.L., 
Meddour, S.D., Bouguettaia, H. and Loudiyi, 
K., 2017. Improvement of solar still 



Alhamzawi / Journal of Heat and Mass Transfer Research 11 (2024) 273 - 284 

284 

performance by covering absorber with 
blackened layers of sponge. Groundwater for 
Sustainable Development, 5, pp.111-117. 

[84] Natarajan, S.K., Suraparaju, S.K., Elavarasan, 
R.M., Pugazhendhi, R. and Hossain, E., 2022. 
An experimental study on eco-friendly and 
cost-effective natural materials for 
productivity enhancement of single slope 
solar still. Environmental Science and 
Pollution Research, 29(2), pp.1917-1936. 

[85] Asadi, M.T.A.A.A., Rashidi, S. and Mirhosseini, 
M., 2024. Sustainable and clean water 
distillation by parabolic dish collector and 
different heat absorber and thermal storage 

materials: An experimental study. 
Sustainable Energy Technologies and 
Assessments, 62, p.103620. 

[86] Suraparaju, S.K., Samykano, M., Natarajan, 
S.K., Sai, G., Sai Subrahmanyam, N., Vinay 
Pallaparao, K., Prasanna Kumar, E., Manoj, K., 
Tarun Kumar, R., Chandan, S. and Sai 
Phanindra, P., 2024. Chrysopogon 
zizanioides as a sustainable material for 
enhanced condensation in solar 
desalination: an innovative approach to 
clean water production. The European 
Physical Journal Plus, 139(3), p.231.

 


