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Abstract: 

Adequate quality and reliab ility of drinking water supply is a fundamental need. Along with food and air, water is a necessity for man. 

Fresh water is obtained from lakes, rivers and ponds but it becoming scarce because of industrial effluent, sewage and population 

explosion. solar still is a d istillation of brackish or saline water, wherever it is available, is a good method to obtain fresh water by 

exposing thin layer of salt water to solar radiation and water vaporized from the brine, condensed on the un derside of a sloped 

transparent cover in such a way that it can be collected in receiv ing troughs at the end of the still. Active and passive solar stills are 

the major type of solar stills. Methodologies used in the past years to improve the productivity of solar still build based on variations 

in geometry, materials; methods of construction and operation were rev iewed in this paper. Techniques to improve the Performance of 

the solar stills are also investigate in this paper. 
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I. BACKGROUND 

In nature solar desalination produce rain when solar radiation is 

absorbed by the sea and cause water to evaporate. The first 

known application of solar distillation was in 1872,  when a 

still, providing drinking water for animals and used in nitrate 

milling in Las Salinas on the northern deserts of Chile. More 

recently, several community scale solar stills have been built in 

Australia, Greece, Spain and elsewhere, and new technology 

and practical development has improving the productivity of 

solar stills. Surveys show that about 79 percent of water 

available on the earth is salty, only one percent is fresh and the 
rest 20 percent is brackish 

II. INTRODUCTION 

Supply of drinking water is a major challenge in 

underdeveloped as well as in some developed countries. This 

problem occur in recent years due to population growth , 

climate change, drought, urbanization etc. Safe water is 

fundamental to life and sustainable development. During 21
st

 

century, global access to safe water is disparate and inadequate 

particularly in south Asia and Africa. Today, most of the health 

issue are owing to the non-availability of clean drinking water.  

Most part of the world receive insufficient rainfall resulting in 

increase in the water salinity. In the world, 3.575 million people 

die every year because of water related disease [1]. Although 

water occupy approximately 70% of the world, more than 90% 

of the water contain salt and is not suitable for drinking [2]. 

Most of the water available is naturally impure or not drinkable 

and requires treatment [3].  By the year 2025, it is estimate that 

1/4 of the world population will be affect by water scarcity and 

2/3 will experience water stressed conditions. By 2030, 1/2 of 

the world population will experience high water stress [4]. 

Presently, African regions are experiencing water stress 

affecting up to 31% of the population, followed by Asia- 25%, 

America-7% and Europe-2% of h igh water stress [5-8]. 

Desalination is one of humankind’s most primitive forms of 

water handling, and it is popular treatment solution throughout 

the earth today [9]. In addition, d istillation technique used in 

land-based plants as well as in ships to provide water for a 

crew. There are many methods of converting brackish water 

into potable water such as desalination, vapor compression, 

reverse osmosis, electrolysis. A solar still works on the 

principle of the hydrological cycle, which is found in nature. 

The components consists of glass cover, basin, absorber plate, 

insulation, distillate trough etc. solar still is a device, used for 

the potable water production form wastewater. It has lower 

distillate output; hence, it is required to be increased by any 

manner. Either solar stills are mainly graded accordingly to 

passive and active systems based on the source of heat to 

evaporate salt water directly through sunrays or through some 

external source like solar heater, PV/T systems, waste heat 

source, solar ponds and concentrators are coupled to the stills. 

In addition, the active and passive is subdivide into single and 

multi-effect stills based on number of layer of g lazing [10].  

 
Figure: 1. Operation of a conventional solar still [14] 
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The different factor that affect the solar still productivity such 

as wind speed, ambient temperature, water depth and solar 

radiations. The operation of a conventional solar still is shown 

in figure 1. For the most case, even under operating conditions, 

the efficiency of the single basin solar still was in the range of 

30-45% with less than 5 L/m
2
/day of fresh water production 

[11]. A film or layer of sludge is likely to develop in the bottom 
of the tank and this should remove out as often as necessary. 

 

Figure 2.The schemat ic view of the solar still [15]  

Both efficiency and productivity depend on many operating and 

design parameters, which are discussed in this review. So lar 

stills is one of the prominent, cheapest and environmental 

friendly methods. The schematic view of the solar still as 
shown in figure 2. 

III. SOLAR STILL 

 

In the following, the latest developments for each type of solar 

stills [12] are being posed. The solar still div ided into two 

types, active and passive still and their sub divisions are 

indicated in the flow chat [13]  given below. So lar still is an 

airtight basin, usually constructed out of concrete or cement, 

galvanized iron sheet with top cover transparent materials like 

glass or plastics. The inner surface of the rectangular base was 

blackened to efficiently absorb the solar radiation, incident at 

the surface. 

 

In operation, solar radiation is transmitted through the cover 

and absorbed by the salt water and the inner basin. The water is 

heated, water evaporates, and vapor rises to the cover by 

convection where it is condensed on the underside of the cover. 

The condensate flow into the glass lower edges of the cover by 

gravity. Due to surface tension of the water, flow into troughs 

without dropping back into the basin. 

 

 

 

 

 

 

3.1 Single Slope solar still 

Conventional single slope solar still is the simplest type of still, 

which is easy to fabricate. Some modificat ion have been done 

in structure of this type of stills by researcher to increase the 

productivity. The effect of installing an internal reflector in 

solar stills is investigate in single slope solar still [16] as shown 

in figure 3. The internal reflector can increase yearly distillate 

production by 34% and the annual efficiency by 22% . 

 

 
 

Figure: 3.St ill with and without IR [16] 

 

A CFD study for modelling of a single slope solar still using 

CFX software [17]. They concluded the new model better 

estimation of the water temperature in the basin. 

 

3.2  Double slope solar still 

It operate similar to that single slope solar still but it contain 

two-glass cover that increase the condensation area for 

condensation of the rising vapor inside the still. The optimum 

inclination angles of the glass cover of the double slope still 

and orientation for maximum co llected solar energy that could 

be captured by the slope still glass cover [18]. The results 

obtained at different latitudes to cover Egypt geographically. In  

addition, the modelling and performance analysis of a solar still 

with double glass cover cooling is investigate with lower the 

glass temperature and increase the water-to-glass temperature 

difference. The base area of the still is 1m
2 

[19]. 

 

3.3 Mult i-effect solar still 

Due to the poor dissipation of the latent heat of vapor 

condensation on the condensing sides in conventional solar 

still, suffer from low productivity. In a multi-effect solar still, 

the lower glass cover releases the latent heat of vaporizat ion 

[20].A novel multi-stage evacuated solar desalination system 

by explo iting the latent heat of recovery under the climate 

condition of India [21]. A lso by using finite difference method 

a mult i-effect solar still system with enhanced condensation 

surface [22]. 
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Figure 4.layoutof the double glass solar still [19] 

The double glass cover in which the cooling water is supplied 

at the top side of the solar still and the cooling water out is 

taken from the lower inclination side and the basin is insulated 

by insulating materials as shown in figure 4.  

 

3.4 Stepped solar still 

In a stepped type solar still, a stepped type absorber plate were 

fixed on the top of the conventional basin. It consist of 

subsequent trays and inclined flat plate collectors. Sensible heat 

storage mediums such as rocks, pebbles were added to the top 

basin of stepped still to increase the temperature of water [23].   

Under the climate of Egypt, a modified stepped solar still using 

solar still using internal reflectors and compared to the 

conventional solar stills by using engineering equation solver 

software [24, 25]. Also studied the impacts of depth and width 

of trays on its freshwater production [26]. 

 

3.5 Cascade solar still 

 It is very similar to the conventional solar still but 

their internal absorber plate are made of several steps and trays 

on the horizontal side. The advantage of this still is high 

evaporation and condensation rate and a smaller air volume 

trapped within the still heats up the air. A new weir-type 

cascade solar still integrated with paraffin wax as phase change 

materials to increase the productivity [27]. In another study to 

stimulate the cascade, solar still under two climate conditions 

of Koshk and Bandar Abbas Iran and conductivity of the water 

produced will be in acceptable range from the solar still  [28]. 

 

IV. TECHNIQUES TO IMPROVE THE PERFORMANCE 

OF SOLAR STILL 

The performance and productivity of solar still is affect by 

design, operational and methodological parameters [16]. Here, 

the still research work is carried out to improve the still 

efficiency and new techniques are developed to improve the 

performance were reviewed. This paper classified into 

discussion on geometry of solar still, glass cover inclination, 

energy storage materials, integration methods, vacuum 

techniques, wick materials, basin materials and other economic 

analysis of solar stills. 

 

4.1 ENERGY STORAGE MATERIALS 

Solar energy is a safe source of energy, abundant and one of the 

most alternative energy choice. Solar energy is intermittent in 

nature as there is not sun at night. In addition, solar energy is an 

unsteady energy resource. So thermal energy storage is 

important to save the solar energy at a period [31].  

 

4.1.1 Phase change materials  

The princip le of PCM is that when heat is apply to the materials 

it changes its phase form solid to liquid by storing the heat as 

latent heat of fusion. A new design of a V-corrugated absorber 

single basin solar still is made and a Paraffin wax is chosen as a 

PCM due to its medium storage, safety etc. [29].In another 

study to increase, the productivity of the solar still by the usage 

of an energy storage materials and a mixture consist of paraffin 

wax, paraffin oil and water and aluminum turnings are added. 

The Productivityincreases from 203ml/m
2
h to 256 ml/m

2
h [30]. 

In total eight experiments were conducted. 

 

4.1.2 Jute cloth  

 A jute cloth is a storage material used inside the conventional 

storage material to prevent escape of latent heat of 

condensation from the upper glass cover to atmosphere [32]. A 

jute cloth were kept vertically in the middle of the basin as 

shown in figure. The yield is improving about 20 %.The 

vertical jute cloth in the solar still as shown in figure 5. 
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Figure 5.Diagram of a single slope solar still with vertical jute 

cloth [32] 

 

4.1.3 Absorbing materials  

The different size sponge cube placed in the basin to study the 

distillate production.Due to the high porosity, the sponge used 

as storage materials  [33].This study conclude that the 

productivity will be increase up to 273% compared to 

conventional stills. Figure 6 shows that change in production 

ratio with material and color of cubes. 

 
Figure 6.Change in production ratio with material and color of 

cubes used [33] 

 

The three absorbing materials used as shown in figure 7.namely  

coated and uncoated metallic wiry sponges and volcanic rocks 

on three stills and the yields are compared. The studies shows 

that the coated metallic wiry sponges increased yields by 28%, 

uncoated metallic wiry sponges increased yield by 43% and 

volcanic rocks increased yield by 60% [34].  

 

Figure: 7.  (a) Uncoated wiry sponge, (b) coated metallic  wiry sponge and (c) black volcanic rocks  [34] 

 

In another studies the additive material act as absorbent 

materials for solar rad iation and as non-absorbent materials for 

water and thereby increase the basin temperature to enhance 

evaporation. When fin and sponge are added the productivity 

increase 96% [35]. In another s tudy, the fin, sponge and 

pebbles were added to the stepped solar still, the productivity 

increases 53.3%, 68% and 65% respectively [36]. Two d ifferent 

types of experiments is carried out. A solar pond, a stepped 

solar still and a single basin solar still were connected in series 

to increase the productivity by adding pebbles, baffle plates, 

fins and sponges. When both fin and sponges used in both stills, 

the productivity increased about 80% [37]. 

  

4.1.4 Ink and black dye 

Painting the basin using black dye can further increase the 

absorbent capacity of basin [38]. In another study, a black 

rubber mat, black ink, and black dye was used and the 

productivity increases 38%, 45%, 60% respectively [39].  

 

4.1.5 Cement as a storage materials  

Use of Portland cement as heat storage medium in solar 

desalination [40].A cement has been used in two form: one is 

adhesive layer and other is sprayed power. Best result is obtain 

by spraying 150g and the output is improve by 51.14%. In  

another study a concrete stones, pebbles and black gran ite 

stones are used to increase the productivity. At the end of result 

a concrete stones has better productivity than other energy 

storage material [40].  The result indicate concrete stones has 

better performance than pebbles and black granite tones. In 

prior study the  Red brick pieces, cement, concrete pieces, 

Washed stones and iron scraps are investigate to find the effect 

of thermal energy storage material [41] as shown in figure 8. 
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Figure: 8.Different energy storage materials  [41] 

 

4.1.6 Charcoal particle 

The coal and charcoal are   used as a storage medium to 

increase the productivity of the solar still. Charcoal mixtures, 

charcoal piece are also studied [42]. The results   show that 

productivity and efficiency are 1.12kg//m
2 

and 16.5% 

respectively. In another study, charcoal particles used as 

absorber medium.Charcoal with size of 0.0015, 0.005, 0.007m 

are studied. A 15% improvement in productivity was  achieved 

over the wick type solar still [43].  

 

4.1.7 Aluminum Sheet  

An aluminum filling is  used as an energy storage medium 

under the absorber plate. The productivity increase up to 53% 

[44].  In other studies, the bottom of the basin can be made of 

4mm thick aluminum as an absorbent [45,46].  In prior study, 

the bottom of the basin can be fabricate by plastic, aluminum, 

copper, steel or some other materials. Steel is cheaper than 

aluminum and copper [47]. In other studies an aluminum sheet 

is used as thermal energy storage as shown in figure 9. The 

plate is divide into evaporating zone and heat storing zone. The 

average efficiency is 44.8% and the yield output is 3.1 (kg/m
2 

/day) [48]. 

 
 

Figure: 9. Diagram of solar desalination rig with Al plate [48] 

 

4.2 WICK MATERIALS 

Water depth is inversely proportional to the productivity of 

still. The water surface can be increase by employing suitable 

wick material in the basin. An experimental investigation on 

the performance of solar still augmented with pin finned wick 

evaporation surface as shown in the figure 10. [49]. The 

productivity increased up to 23%. In another study, a 

corrugated absorber solar still with wick and reflector was  used 

in the experiment and the productivity be 145.5% h igher than 

conventional solar stills [50]. In prior study the use of wick 

helps to spread the evaporating water and improving the 

evaporation rate. The 83.3% energy is maximum reported in 

these experiments [51]. The stepped solar still with continuous 

flow of water and using a cotton wick and the productivity is 

increased at 48% [52].  In other study a design and constructed 

a tilted wick type solar still and its  productivity increase about 

53% [53]. 

  

 
Figure: 10.  Pin finned wick element located in the basin [49]  

A floating cum wick solar stills in a closed cycle systems is 

design and parameters are derived [54]. The efficiency of the 

system has maximum for a low flow rate of water. In another 

study, to increase the evaporative surface black paint coated 

jute wick is used in the pyramid solar still [55].et, co ir mat and 

waste cotton piece. The efficiency is about 45% in 24hrs. In 

prior studies thee performance of basin type double solar still 

with different wick materials such as light black cotton cloth, 

light jute cloth, sponge sheet, coir mat and waste cotton piece 

as shown in figure 11. From the results, a light black cotton 

cloth was the most effective one [56]. 

 
Figure: 11. Different wick materials [56] 

 

4.3 INTEGRATION METHODS 

Solar still is integrate with several thermal energy storage 

systems is used to increase the productivity. Some of the 

integrated solar stills are investigated given below.  

 

4.3.1 Integration of storage tank 

The conventional solar still is couple with hot water storage 

tank as shown in figure 12. It gives higher distilled water output 
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due to higher basin water temperature because of hot storage 

tank water [57]. The experiment work was carried out in day 

and night session. 

 

 
Figure: 12. Diagram of solar still-storage tank distillat ion 

system [57] 

 

4.3.2 Coupled with Flat plate Collectors 

The use of collector increase the heat input to the still. This can 

be done using humid ifying tower and condensing cover. An 

experiment was conducted with the effect of condensing cover 

with the yield of active solar still and its productivity was 

directly proportional to the thermal conductivity of material of 

condensing cover. Thus, the copper has high yield than glass 

and plastic [58]. The effect of flat plate collector (FPC) in  

series on performance of active solar still for Indian coastal 

climatic conditions. The results shows that the still with two 

FPCs connected provides 41% yield when compare with single 

FPCs [59].   In another study, an analysis to relate 

instantaneous thermal efficiency and collector area and the 

research ended with the formulation of equation for various 

components of the still [60].  

 

 
Figure 13. Still with three FCP arrangement [61] 

 

In another study, various stills such as circular box, rectangular 

box and single tube solar still coupled with solar collector. A 

circular box solar still gives better efficiency compared to other 

stills as shown in figure 13[61]. In prior study an integrated flat 

plate collector with modified solar still having, jute cloth and 

black gravel to increase the evaporation rate and the yield 

increase about 60% [62]. A novel cogeneration system for 

sustainable water and power production by integration of a 

solar still and PV module. Using 30 tubes, the maximum 

distilled yield is obtained 2.76kg for the depth of 0.07m. In  

addition, the maximum electrical energy is achieved with the 

value of 70.47 W/m
2 

[63].In  another study, an experimental 

setup of a single slope solar still with mirror fixed to tis inner 

side, coupled with a flat plate co llector, and increased the 

productivity by 36% [64]. 

 

4.3.3 Coupled with Air Heater 

The coupling of an air heater to the solar still increase the water 

temperature in the basin and increase the productivity. In prior 

study, the author focus on the improvement of a solar 

desalination system by using solar air heater [65]. Solar air 

heater increased the induced air temperature by 3-4% as shown 

in figure14. In addition, the average gained output ratio 

increases up to 57%. In another study a various active solar 

stills and found that the air heater increased productivity up to 

70% [66]. The productivity is high compare to the still coupled 

with flat plate collector, evacuated tube collector and water 

spraying etc. in another study  to enhance the performance  of 

air heater coupled with solar stills using a reciprocating water 

feed systems and attained efficiency 77.4% [67].  

  

 
Figure: 14. So lar still coupled with air heater [65] 

 

4.3.4 Coupled with Water Heater 

The developed hybrid desalination system reuses the drain 

warm water from humidificat ion-dehumid ification to feed solar 

stills to stop the massive warm loss during desalination. 

Reusing the drain warm water increases the grain output ratio 

of the system by 50% and still efficiency increase about 90% 

[68]. 

 

4.3.5 Coupled with Evacuated tube collector 

The performance of a novel solar still equipped with Evacuated 

tube collectors and thermoelectric modules was examined [69]. 

The maximum y ield and the efficiency of the system are 1.11 

kg/m
2 

hr and 68% respectively. In another study, a fabricated 

single solar still integrate with forced mode evacuated tube 

collector as shown in figure 15. and the yield is increased about 

33.8% [70]. 
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Figure: 15. Sing le slope solar still with evacuated tube collector 

[70] 

In another study, the performance of an integrated solar-still 

evacuated tube collector and concluded that the fresh water 

production was low for the integrated model compared to the 

conventional solar stills [71]. 

 

4.3.6 Coupled with Waste Heat 

A multip le effect diffusion solar stills with sea water feeding 

device and dual heat source of solar thermal energy and waste 

heat [72] as shown in figure 16. Large feeding flow rate shows 

better performance for the still with an insufficient plate 

number. Productivity of the still increase linearly with heat 

input, recording 18.02 kg/m
2 

at 22.37 MJ/d. 

 

 
Figure: 16. So lar still coupled with waste heat [72] 

 

4.3.7 Coupled with Solar pond 

Solar pond is used to store the thermal energy and it consist of 

three zone namely upper convective zone, non-convective zone 

and lower convective zone. Still is integrate with solar pond to 

increase the productivity and preheating the feed water. The 

thermal performance of active solar still coupled with shallow 

solar pond and conclude that the productivity and efficiency is 

more than the conventional solar still and the system can be 

used as source of hot water for different applications [73].In  

another study, a fabricated solar still coupled with solar pond 

and the experiment were conducted with different modification 

such as addition of sponge to the still as shown in figure 17. 

This result indicates higher production rate compared to other 

stills [74-76]. 

 

 
Figure17. So lar still with solar pond [74] 

 

V.CONCLUS ION 

This study reviews the parameters that influence solar still 

productivity. Therefore solar still is an attractive alternative 

because of simple technology; non-requirement of highly  

skilled labor for maintenance work and low energy 

consumption and it can be used at any place without much 

problem. However, the goal of implementing solar stills at 

commercial purpose is very difficu lt because of low output, for 

successful implementation the wide range of innovation is add 

in the still based on shape, operational parameters, integrated 

with other thermal storage systems etc. The operational 

parameters such as wind speed, climate condition, solar 

radiation, water depth and maintenance of the cover are affect 

the solar still output. 

 Maximum output of single effect solar still is about 5 L/m
2
. 

This output can be increase by using wick, sponge, jute 

cloth etc. up to 6.5 L/m
2. 

Day. 

 Fins, pebbles, corrugations are another way to improve the 

productivity and performance of the solar stills. 

 Latent heat storage is more attractive than sensible heat 

storage. In addition, nanoparticles with PCM is specially 

promising for heat storage. 

 The development of software for modelling and simulation 

of solar stills gives various parameters discussed. 

 A condenser cover angle strongly depend on still location, 

time of operat ion etc. The angle of 30º and 45º are optimal.  

 The still productivity increases with a decrease in thickness 

and increase in thermal conductivity of cover plate.  

 A recommended water basin depth are 3m. 

 Integration with sever other thermal storage systems must 

increase the productivity. 

 Insulation materials such as sawdust can enhance the 

productivity by preventing thermal losses. 

 A spray system can also results in a high productivity. 

 When correctly positioned the solar still with respect to the 

sun direction. The productivity is increase by using sun-

tracking systems. 
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 Solar still with black ink and black dye are the good 

thermal energy storage materials for increment distillate 

output. 

 Thermal energy storage materials have good ability to 

store the energy during sunshine hours and release during 

evening hours for increase the output. 
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