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ABSTRACT 

Solar still (SS) is a cheap and easy method for producing pure water from saline or brackish water. Therefore, the SS 

is not a popular residential water supply. The present review shows various active methods for SS coupled with a flat plate 

collector (FPC), evacuated tubes (ET), and parabolic trough (PT) to augment the yield. It also shows that a table of various 

researchers works to enhance the yield owing to the hot water supply to the basin. Active methods using SS are effective in 

improving yield. Finally, future work on different active methods should be conducted for further research on SS. 

Keywords: Solar still (SS); Evacuated tubes (ET); Flat plate collector (FPC); Parabolic trough (PT), Energy efficiency 

1. Introduction 

Freshwater needs are increasing daily because of rapid population 

and business growth [1]. A primary concern is potential water shortages. 

Human and animal life relies on the availability of freshwater [2]. 

Adequate measures are required to ensure the current supply of fresh 

water. To meet rising freshwater needs, saline water must be converted 

into pure water. Solar desalination can solve this problem owing to its 

numerous techniques and processes [3-4]. However, these methods 

require many fossil fuels and their availability is low worldwide. Solar 

stills (SS) can be used to desalinate solar energy, but are not used for 

potable water applications because of their lower yield [5]. 

Higher water temperatures in the basin improve yield ; therefore, 

researchers have used solar collectors coupled with SS. Subramanian 

et al. [6] used a flat plate collector (FPC) and found a 60% increase in 
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heating efficiency owing to the extra water temperature entering the basin. Hossein Amiri et al. [7] used SS 

with an inbuilt parabolic trough (PT) collector to enhance the yield and conducted several experiments at 

Kerman. Their experimental investigations found 0.961 L and 30% higher yields than those of conventional 

SS. Narayana and Raju [8] performed an experimental analysis of an SS with parallel connections of the FPCs. 

They also determined the number of collectors per distillate yield of SS. They found that parallel connection 

of the FPCs increased the yield but reduced the efficiency of the SS. Vishal et al. [9] predicted the performance 

of an SS by using an evacuated-tube collector. They used experimental data and mathematical modelling to 

produce good agreement. Venkatsamy et al. [10] used baffle plates in an inclined-type SS and tested the climatic 

conditions in Tamil Nadu, India. They measured various temperatures, yields, and solar intensities every hour 

during experimental days and obtained a 3.50 kg/m2 yield from SS. Panchal et al. [11] reviewed various 

techniques applied to SS to improve its performance in terms of the yield. Shukla et al. [12] conducted a 

parametric study of SS and SS with a collector based on modified relations of convective mass transfer. 

Mevada et al. [13] reviewed various applications of ETC in solar energy applications. They studied the use of 

ETC in desalination, cooking, water heating, etc. Shinde et al. [14] reviewed various types of SS and compared 

them according to their yields. They also discussed the working principles and methods for improving yield. 

Abdullah et al. [15] reviewed various studies and developments in Wick-type SS. They discussed the mechanism 

to increase the yield in Wick-type SS based on capillary actions and explained various studies in detail. Patel 

et al. [16] reviewed the SS based on past, present, and future research. They explained the work done by 

researchers in detail from past and current perspectives. 

Finally, they added future research investigations on SS to enhance the yield. Karthik et al. [17] improved 

SS yield during a low-intensity period by applying vacuum pressure. They concluded that a vacuum pressure 

of 0.6 bar maintained in SS was used to enhance the yield by 30%. Iqbal et al. [18] fabricated a hybrid solar still 

and coupled it with a solar heater to improve its evaporation rate and yield. They understood the scientific 

method of water evaporation very well, which changed their work to the coating of SS. Shyora et al. [19] 

performed a comparative analysis of stepped and conventional SS under the climatic conditions of 

Gandhinagar and Gujarat. They performed several tests and conducted a comparative study based on the yield. 

They obtained a 23.88% enhancement in yield using Stepped SS compared to conventional SS. Shinde et al. 
[20] compared the amended design of SS with a conventional design in terms of yield. They found that the 

amended SS design improved the yield by 17% compared with the conventional design. Ganaraj et al. [21] 

enhanced the yield of double-slope SS using internal and external modifications. Internal modifications involve 

the use of storage materials and external modifications involve the use of fixed mirrors. They found that these 

changes improved the SS yield by 40.86%. Shanmugan et al. [22] conducted a performance analysis of an SS 

based on energy and exercise. They prepared a computer program to evaluate various equations for measuring 

the energy and exergy of an SS.  

The SS is regarded as one of the simplest and most affordable desalination devices. Researchers 

worldwide have attempted to improve this output. The main objective of this review is to examine different 

SS researchers, namely SS with a flat plate collector (FPE), SS with evacuated tubes (ET), and SS with a 

parabolic trough collector (PT).  

2. Solar still with Flat plate collector (FPC) 

FPC is considered one of the most widely used solar collectors for water-heating purposes. It is comprised 

of a flat-plate box-type basin with a glass cover and tubing for water movement.  

Badran et al. [23] compared the performance of an SS with and without an FPC. They performed a 

performance analysis using tap water as the feed water for 24 h at a time interval. They used a constant-head 

tank to provide a continuous water supply to the SS to maintain constant water. They concluded that the use 



3 

of FPC with SS improved by 231% compared with SS alone. Figure 1. shows a schematic of the SS with an 

FPC and a constant heat tank. 

 

Figure 1. Schematic diagram of SS with FPC and constant heat tank [23] 

Badran and Tahaineh [24] conducted a similar experiment on an FPC with an SS. However, they used other 

parameters, such as water depth, intensity, and direction. They even fixed the mirrors at the inner side of the 

sidewalls to reflect the sun rays towards the water and enhance the yield. They found a 36% enhancement in 

yield by coupling FPC with SS compared to SS alone. They also concluded that the solar intensity incident on 

the SS is directly proportional to the yield.  

Rajaseenivasan et al. [25] conducted an interesting study on integrated FPC in SS to enhance the yield. 

They prepared an experimental setup such that two separate compartments were seen in the experimental setup. 

Because of the separate compartment, the water was preheated and then entered the SS basin; the yield 

increased compared to SS alone. They compared the performances at various depths of water, wick materials, 

and storage materials. They concluded that the integrated FPC in the SS was 60% higher than that of the SS 

alone. Figure 2. shows a schematic of the integrated FPC with an SS. 

 

Figure 2. Schematic diagram of integrated FPC with SS [25] 

Raju and Narayana [26] conducted an experimental investigation on a three-series coupled FPC with an SS. 

Their main aim was to determine their effects on the yield and efficiency. They used three similar-sized FPCs 

with a cross-sectional area and 30-degree inclination of the glass cover with an SS. The series connection of 

the FPC yielded 89 percent more than a single-phase SS owing to the supply of hot water within the basin of 

the SS. A maximum of 5.04 kilogrammes of potable water was obtained from each solar collector. Figure 3. 

shows a schematic of the SS series connected to three similar FPCs. 
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Figure 3. Schematic diagram of SS coupled with three same-sized FPCs under series connection [26] 

Etawil and Omara [27] used a photovoltaic panel, FPC, and hot-air injection with SS to enhance yield. The 

main objective of this study was to make SS that can be used in remote locations to provide electricity and 

potable water. They performed several readings with hot-air injection, photovoltaic panels, and with and 

without a flat-plate collector to check their performance. They found that hot-air injection is an excellent 

method for enhancing the yield of FPC and solar photovoltaic panels.  

Morad et al. [28] performed an experimental analysis of FPC-coupled SS with and without glass-cover 

cooling. They primarily aimed to increase the yield by using hot water from the FPC and cooling the cover. 

They conducted several experiments in Egypt on SS coupled with glass-cover cooling. They concluded that a 

10 L glass flask yield with FPC was obtained. 

Kumar et al. [29] investigated the performance of a double-slope solar still (DSSS) with and without an 

FPC. Results show a 74% increase in water yield, reaching 3020 mL/day and 633 mL/hr; energy efficiency 

(0.13 mL/kJ) increases by 18% from experimental work in Thalassery, India. However, shadowing on the FPC 

lowers the efficiency; this is handled using artificial neural network (ANN) modeling to maximize solar energy 

absorption and improve SS performance. 

The performance of a modified double basin solar still (MDBS) with external reflectors, a bottom basin 

integrated with a FPC and a small solar pond is investigated by Muthukumar, Rajesh and Ganaraj [30]. The 

results show a yield increase of 5,650 mL/m²·day using external reflectors at Francis Xavier Engineering 

College, Tirunelveli, India. It was found that, over 20 days, the yield was 6,249 mL/m²·d when paired with 

FPC, and solar ponds improved efficiency and yield by 127.5%. 

Energy measurements for N in both PVT FPC integrated with a single-slope solar still (N-PVTFPCSS) at 

a constant water depth were investigated by Sharma et al. [31].  In line with the Sustainable Development Goals 

of the United Nations, system performance for sustainable SS  should be optimized. MATLAB-2015 was used 

to compute the energy metrics under four climate scenarios in New Delhi over a year. Results show that energy 
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payback time rises with increasing ṁf up to 0.10 kg/s; beyond that it stabilizes. From an exergy perspective, 

the ideal N for energy efficiency was 8. 

A Conventional solar still (CSS), horizontal wick solar still (HWSS) with a flat plate collector (FPC), and 

basin-tilted wick solar still at 30° integrated with an FPC were investigated experimentally by Negi et al. [32]. 

Two scenarios were investigated: tilted wick SS with FPC compared to HWSS (Case-2) and HWSS with FPC 

compared to CSS (Case-1.). The results show that the HWSS and CSS generated 2.894 kg/m²-day and 3.216 

kg/m²-day of yield, respectively. 

3. Solar still with Evacuated tubes 

Evacuated tubes (ETC) are solar thermal devices used for heating. They work primarily on the 

thermosyphon effect; therefore, unlike flat-plate collectors, they do not require a water supply pump. 

Shafi et al. [33] used SS coupled with ET and thermo–electric modules. Their main intention was to enhance 

the SS yield and water condensation. The power produced by the thermo–electric modules was utilized to run 

the fan in the SS to enhance the forced convection of air. In their experimental results, they received a 

maximum yield of 1.11 kg/m2 h with 68 percent efficiency. 

Singh et al. [34] used modelling and validation techniques to study SS and ET using the natural circulation 

model. In their experimental research in India, the water depth varied with time. This system can measure 

productivity (yield, energy, and exercise) using a practical setup. They concluded that the basin's 0.03 m water 

depth found an optimum of 3.8 kg/m2.  

Kumar et al. [35] studied the performance of a system with ET in forced circulation mode. Thermal analysis 

was also performed, and the results were compared with the experimental results. The experiments were 

performed at different flow rates and depths in the SS basin. They concluded that the mass flow rate of 0.06 

kg/s and the water depth of 0.03 m for the yield of SS with ET were optimal. Finally, they concluded that the 

SS yield with ET was higher in the forced circulation model than that in the natural circulation mode. 

Singh and Tiwari [36] conducted modelling and analyzed N-identical ET under climatic conditions in New 

Delhi, India. They used single and double slopes for the experimental and theoretical analyses. The ET 

collectors were optimized to maximize the mass flow rate of the water. Good theoretical and experimental 

results were obtained. The system has also been used for commercial potable-water applications. Figure 4 

shows a schematic diagram of N-ETC-DS. 

 

Figure 4. Schematic diagram of N-ETC-DS 
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Abdullah et al. reviewed the integration of ETC technology with various SS to improve the evaporation 

process in relation to minimizing carbon emissions, economic viability, and environmental impact [37]. They 

examined numerous evacuated tube heater designs, including parabolic collector-based, tank-based, and direct 

natural mode connections. Appropriate integration significantly boosts yield (20.95 L/m²), energy efficiency 

(65.48%), and exergy efficiency (6.67%), over SS by 431.7%, 57.82%, and 74.61%, respectively. Moreover, 

a bibliometric analysis using VOSviewer highlights advancements in solar collector-based desalination 

systems that are also under investigation. 

For the storage of 100 Litre saline water, Alshqirate et al. [38] studied the performance of a semi-cylindrical 

SS integrated with ETCs. Two different glass surfaces with different temperatures helped improve 

condensation by a tent-shaped glass cover. The method proved to be more efficient because it produced 9.7 a 

of daily yield, the maximum possible. The vacuum tubes greatly improved the thermal performance, thereby 

producing an exergy efficiency of 5.7% and an overall thermal efficiency of 30.9%. Figure 5 shows a 

schematic of a semi-cylindrical tent-shaped SS coupled with an ETC. 

 

Figure 5. Schematic diagram of Semi-cylindrical tent shape SS coupled with ETC [38] 

Pathak et al. [39] aimed to improve the energy and exergy performance by integrating an SS with a stearic 

acid-based ETC. They found that the second law efficiency increased by 24.9% to 36.2%, and the system 

greatly increased the energy efficiency, ranging from 35.9% to 52.2%. The effective heat storage and transfer 

characteristics of stearic acid provide these improvements, thereby enhancing the evaporation-condensation 

process. Furthermore, confirming the economic feasibility, the cost analysis shows that the unit cost of potable 

water production ranges from $0.004/L to $0.33/L.  

Hemmatian et al. [40] assessed heat pipes (HP), Heat Pipe evacuated tubes (HPETC), and phase change 

material (PCM)-enhanced solar stills. These methods maximize thermal efficiency and yield through the best 

heat retention and transfer. Furthermore, we evaluated the environmental impact by comparing several SS 

designs CO₂, SO₂, and NO emission reductions. With a water production of 2248 mL/m², the cost per liter 

(CPL) of potable water for the SSHP-PCM-2 system was $0.0458/L. These results highlight the environmental 

and financial advantages of including cutting-edge heat management systems for solar desalination. 
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4. Solar still with parabolic trough collector 

The parabolic trough (PT) collector is a mature technology for concentrating collectors used in solar 

thermal applications. It is a line-focusing concentrator that provides higher water temperature. 

Fathy et al. [41] conducted an experimental analysis of SS and PT under Egyptian climatic conditions. They 

used a double-slope SS in their experimental study with tracked and fixed modes. They compared the 

performance with and without a tracked PT collector during summer and winter with the SS alone. They 

concluded that the yield and efficiency of the tracked PT with SS were higher than those without SS. Figure 

6 shows the experimental setup of the SS coupled with PTC. 

 

Figure 6. Experimental setup of SS with PTC [39] 

Hasan et al. [42] compared the performance of SS alone and modified SS in Egypt's climate conditions. 

They used tracked PT with SS as a modified SS and compared it with SS alone. They used the saline water 

medium and basin materials as variables to compare the modified and SS alone. Wire mesh and sand were 

used as the basin materials in the SS. Their experimental work showed that wire mesh and sand enhanced the 

yield of SS in both cases. The modified case increased by 14% and 3% with the use of basin materials alone, 

respectively.  

Madiouli et al. [43] used a packed-bed system coupled with SS, FPC, and PT. They used separate 

connections for both cases, using a heat exchanger. They conducted experiments under summer and winter 

climatic conditions to obtain accurate results. They found that the combination of FPC, PT, and packed bed 

with SS resulted in a higher yield than SS alone owing to the hot water supply. Table 1 lists the various active 

methods used to enhance SS yield.  

Table 1. compares various active methods for enhancing the yield of SS using FPC, ET, and PT. 

Author(s) Work Done Outcome 

Badran et al. [23] 

Compared solar still (SS) performance with and 

without a flat plate collector (FPC) using a 

constant head tank. 

Using FPC improved SS yield by 231% 

compared to SS alone. 

Badran & Tahaineh [24] 

Investigated SS with FPC and additional 

parameters like water depth, solar intensity, and 

mirrors for reflection. 

Yield increased by 36%, and solar intensity 

was directly proportional to yield. 

Rajaseenivasan et al. [25] 
Integrated FPC in SS with separate compartments 

to preheat water before entering the SS basin. 

Integrated system improved yield by 60% 

compared to SS alone. 
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Author(s) Work Done Outcome 

Raju & Narayana [26] 
Investigated SS with three-series-coupled FPCs at 

different inclinations. 

Series connection yielded 89% more than a 

single SS, with 5.04 kg/day of potable water 

per collector. 

Etawil & Omara [27] 
Combined SS with FPC, photovoltaic panel, and 

hot air injection. 

Hot air injection significantly improved yield 

and performance of the SS system. 

Morad et al. [28] 
Experimented with FPC-coupled SS with and 

without glass cover cooling in Egypt. 

Found improved yield when using glass-

cover cooling, achieving 10 L/day. 

Sivakumar et al. [29] 
Analyzed double slope solar still (DSSS) with and 

without FPC. 

Water yield increased by 74% (3020 

mL/day), with 18% higher energy 

efficiency. 

Muthukumar et al. [30] 

Studied modified double basin SS with external 

reflectors, an FPC-integrated bottom basin, and a 

small solar pond. 

Yield improved to 5,650 mL/m²·day, with an 

overall 127.5% increase. 

Gaurav Kumar Sharma et 

al. [31] 

Investigated PVT-FPCSS under four climate 

scenarios using MATLAB. 

Energy efficiency optimized at ṁf = 0.10 

kg/s, and the ideal N for exergy efficiency 

was 8. 

Negi, Dhindsa & Sehgal 
[32] 

Compared HWSS with FPC and conventional SS 

under different conditions. 

HWSS and CSS generated 2.894 kg/m²-day 

and 3.216 kg/m²-day yields, respectively. 

Shafi et al. [33] 
Used SS coupled with evacuated tubes (ET) and 

thermoelectric modules. 

Achieved 1.11 kg/m²h yield with 68% 

efficiency. 

Singh et al. [34] 
Modeled SS with ET under natural circulation in 

India. 

Found 3.8 kg/m² yield with an optimal water 

depth of 0.03 m. 

Kumar et al. [35] Studied SS with ET under forced circulation. 
Optimal mass flow rate of 0.06 kg/s and 

0.03 m water depth improved yield. 

Singh & Tiwari [36] 
Modeled and analyzed N-identical ET under 

different slope angles in New Delhi. 

Optimized mass flow rate of water for 

maximum yield. 

Abdullah et al. [37] 
Reviewed ETC integration with SS for efficiency 

and environmental impact. 

Yield increased by 431.7% (20.95 L/m²), 

energy efficiency reached 65.48%, and 

exergy efficiency 6.67%. 

Alshqirate et al. [38] 
Studied semi-cylindrical SS integrated with ETC 

for 100 L storage. 

Maximum daily yield of 9.7 L/day, with 

30.9% thermal efficiency and 5.7% exergy 

efficiency. 

Pathak et al. [39] Investigated SS with stearic acid-based ETC. 

Improved second-law efficiency (24.9–

36.2%) and energy efficiency (35.9–52.2%). 

Cost per liter ranged from $0.004/L to 

$0.33/L. 

Hemmatian et al. [40] 
Analyzed HP, HPETC, and PCM-based SS for 

environmental impact. 

SSHP-PCM-2 produced 2248 mL/m², and 

CPL was $0.0458/L. 

Fathy et al. [41] 
Investigated SS with PT in Egypt with tracked and 

fixed modes. 

Tracked PT improved SS yield and efficiency 

compared to non-tracked systems. 

Hasan et al. [42] 
Compared SS alone with modified SS using 

tracked PT. 

Modified SS improved yield by 14% (wire 

mesh) and 3% (sand basin material). 

Madiouli et al. [43] 
Used packed-bed SS coupled with FPC and PT 

with a heat exchanger. 

Combined system achieved higher yield than 

SS alone due to hot water supply. 

Table 1. (Continued) 

5. Discussion on SS with FPC, ETC and PT 

Table 1 lists several solar still (SS) augmentation methods using flat plate collectors (FPC), evacuated 

tube collectors (ETC), parabolic trough collectors (PT), and phase change materials (PCM). The results show 

that including these technologies greatly increases yield. 

Research on flat plate collectors (FPC) has been extensive; when combined with SS, they exhibit 

significant yield gains. Depending on other variables such as water depth, solar intensity, and mirror reflectors, 
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performance improvements ranged from 36% to 231%. Studies showing an 89% yield boost using series-

coupled FPCs even improves efficiency. FPCs combined with photovoltaic panels, hot air injection, and 

outside reflectors further increase the output.  

With productivity increases often surpassing 400%, evacuated tube collectors (ETC) have demonstrated 

exceptional thermal efficiency. Including ETCs with SS not only increases the water output, but also increases 

the exergy efficiency and thermal performance. Certain configurations have paired ETCs with phase change 

materials to maximize heat retention and storage, thus producing greater efficiency and economic viability.  

In particular, when coupled with tracking systems, parabolic trough collectors (PT) offer further increases 

in efficiency. Studies have found that tracked PT systems maximize the solar energy absorption by far 

outperforming stationary configurations. Furthermore, thermal management and water yield can be improved 

by including packed-bed systems and heat exchangers with PT and FPC. 

The integration of available solar thermal technologies with SS generally results in notable performance 

enhancement. Although these techniques improve the yield and efficiency, more studies are required on cost-

effective, scalable, and long-term operational viability to maximize useful applications.  

6. Conclusion 

From this paper, the following points are concluded: 

 The addition of a hot water heater to the FPC increased the yield and required less heat for 

evaporation. 

 The use of a mirror at the side of the basin in the SS with FPC increased the yield by reflecting rays. 

 The integration of FPC with SS increased the yield because of the preheated water supply to the basin. 

 FPC with SS and glass cover cooling is an effective method for enhancing yield. 

 ET with SS increased the yield by supplying hot water, and unlike FPC, it did not require a pump. 

 The forced circulation method was more useful than the natural circulation method for SS with ET. 

 ET with SS effectively provides potable water for commercial purposes when several systems are 

used. 

 The SS with a tracked PT collector provided a higher yield than that with a fixed PT collector. 

7. Future Work 

From this review article, the following points have emerged for researchers to carry out further work: 

 Use of the SS with PT and condenser has not used by the researchers. 

 SS with PT, condensers, and various sensible and latent heat storage materials can enhance yield. 

 The use of SS with PT, a condenser, and a packed bed is also an effective method for enhancing the 

yield. 
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