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Abstract— Solar stills represent the foremost attractive and 

simple technique among all distillation processes. The Solar 

stills work by the simple concept of evaporation and 

condensation as a direct simulation of the greenhouse effect. 

Solar still is a device, which produces fresh water from either 

seawater or water by utilizing freely available solar energy. It 

utilizes the solar thermal energy for evaporation of the basin 

water. This paper represents the Classification of Solar still, 

factors affecting the Solar still productivity and working 

principle of Solar still. The method Desalination is ground 

brackish water by solar powered systems is a practical and 

promising technology for producing potable water in the 

regions, which suffers from water scarcity especially in arid 

areas. Desalination process is used to reduce Total Dissolved 

Solids (with TDS of 500p.p.m and above) to an acceptable 

level of TDS equal to 500p.p.m. The Solar stills are 

efficiently used in Industries, Hospitals and Dispensaries, 

Automobile workshops and Desalination. 
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I. INTRODUCTION 

Solar stills are the devices, which produce fresh water from 

either seawater or brackish water by utilizing freely available 

solar energy [1]. The first noteworthy practical application of 

solar desalination was erected by a Swedish engineer, Carls 

Wilson, in Northern Chile in the year 1872 for supplying 

fresh water to the nitrate mining community. The system 

design based on basin type Solar stills made from wooden 

bays covered with glass. The plant remained in operation for 

40 years (Harding 1883). 

On the basis of various modifications and mode of 

operations introduced in simple solar stills, these solar 

distillation systems are classified as passive and active type 

solar stills [2-6]. In active type of solar stills, an extra thermal 

energy by external mode is fed into the basin of the solar still 

for faster evaporation (e.g., additional condensers or 

collectors). If no such external mode is used then that type of 

solar still is known as passive solar still. Therefore, in passive 

type still either simple modification has been done inside the 

still or some materials have been used in basin along with 

saline water [7]. Passive methods include the use of dye or 

charcoal to increase the solar absorptivity of water [8-10], 

applying good insulation [5], lowering the water depth in the 

basin to lower its thermal capacity [5,12], ensuring vapor 

tightness, and using reflective side wall [11]. Freshwater is 

one of the Earth's most valuable renewable resources. Along 

with the supply of energy, access to freshwater is a 

fundamental need of all societies. Although water covers 

approximately 70% of the earth's surface, supplies of potable 

water are rapidly disappearing. This is because only 0.62% of 

the available water is in a form that can be traditionally 

treated for human consumption [1]. During the last century, 

these potable water sources from both surface and ground 

water resources have been increasingly depleted due to 

increases in worldwide population. One such technique 

which we learnt from nature is the desalination of water using 

solar energy. But the efficiency is low, to increase the 

efficiency of solar desalination various techniques like pre-

heating the inlet water to solar still, coating the base of the 

solar still using photo-catalyst elements are adopted. 

The use of solar energy in desalination process is 

one of the most promising applications of the renewable 

energies [12]. Nature is carrying out the process of water 

desalination since ages, since Oceanic water due to solar 

heating converts into vapors and pours down as precipitation 

on earth in the form of fresh water.  

A number of efforts have been made to develop and 

improve the performance of solar desalination systems, 

particularly solar stills. The efficiency of the still is directly 

proportional to the inlet water temperature to still. To increase 

the temperature of the water inside the still, some researches 

[13, 14] suggested coupling the still to solar pond. The results 

showed an improvement in the stills performance. One of the 

main reasons behind the low efficiency of solar stills, which 

is about 30-40% [1], is the loss latent heat of condensation to 

the environment and the sensible heat carried away by the 

condensate. The use of latent heat of condensation to preheat 

the feed water has shown good improvement in the stills 

performance [15, 16]. The use of latent heat of condensation 

of one stage to evaporate water in another stage, as in multi-

effect stills, has been studied by many researchers showing 

very good improvement in the stills performance [17, 18].  

II. WORKING PRINCIPLE OF SOLAR STILL 

 
Fig. 1: Schematic view of Solar still. 

Solar stills are used to produce fresh water from brackish 

water by directly utilizing the sunshine [19]. Construction and 

operation principle of solar stills are very simple. A solar still 

consist of shallow triangular basin made up of Fiber 

Reinforced Plastic (FRP). Top of the basin is covered with 

transparent glass tilt fitted so that maximum solar radiation 

can be transmitted in to the still. Out let is connected 

with a storage container.  Provision has been made to fill 

water in the still basin.  The black painted absorbing plate 

contains the brackish water which is directly exposed to the 

solar energy above the plate.  
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The brackish water is completely enclosed in an air-

tight conditions inside the transparent glass cover. The 

incident solar radiation passes through the transparent glass 

cover and is absorbed by the black painted Aluminum sheet, 

the absorbed heat is then transferred to the water with no 

significant energy loss [20]. The brackish water start heating 

and evaporating, the formed vapor on the water surface start 

moving in an upward direction as due to the created driving 

force (convective currents) due to the temperature difference 

between the water and glass cover (Tw-Tg). 

When the water vapor comes in contact with the 

condensing surface (glass cover which is externally cooled) 

in order to improve the condensation rate, the vapor will 

condense at different small-size droplets of fresh water 

[21,22], then the condensate starts moving down along the 

inclined glass cover due to the gravitational force. Finally, the 

condensate will be collected from the collecting channel 

which is connected to the collecting vessel. 

III. CLASSIFICATION OF SOLAR STILL 

Solar stills are classified in a number of ways [23]. The 

classification based on the expected life span and application, 

the solar stills are classified into “Permanent” (e.g. glass 

covered), “Semi-Permanent” (e.g. plastic covered) and 

“expandable” (e.g. double tube floating type) type solar stills. 

However, one of the most commonly used classifications is 

based on the novelty of their design and Applications. 

 
Fig. 2: Classifications of Solar still. 

In the broad category of solar stills, it is classified 

into passive and active distillation systems (Tiwari et al., 

2003). In active systems, an external source (such as a flat 

plate or concentrator collector) for additional thermal energy 

is used to increase the temperature of the saline water in the 

basin. This class is suitable for commercial production of 

distilled water. The passive distillation system does not 

employ an outside source of energy. The advantages of such 

solar distillers are their design simplicity, low installation 

cost, independent water production and simple maintenance 

[24]. But they also have several disadvantages such as low 

efficiency and deposition of salt, scale and corrosion.  

Active type solar still; which contains the 

mechanical components like pump, valve etc. The passive 

type solar still; which does not require mechanical 

components. Among active and passive solar stills, passive 

solar still gets more attractive compared to active solar still. 

Because, passive type solar still does not have moving 

elements, so no need of power consumption and no wear and 

tear problems.  

A. Active Solar Still 

The Schematic diagram of the Active type Solar still as 

shown in fig 3.Enhancement in output can be achieved by 

increasing the difference in saturation vapour pressure at the 

water and the glass surface [26, 27]. One of the methods of 

increasing the temperature of the water in the basin is by 

coupling the solar still to a solar pond. In the active distillation 

process, hot water from the collector panel is fed into the 

basin of solar still in order to achieve a faster rate of water 

evaporation.  

 
Fig. 3: Active type Solar still. 

The bottom surface of the still was painted black by 

mixing a special dye with a resin. A window glass of 3 mm 

thickness inclined at an angle of 10° to the horizontal was 

used to cover the still. The vertical heights of the solar still 

are 190 mm and 380 mm respectively [28]. The inclination of 

glass cover was selected so as to let the water droplets slide 

down the inner surface of the glass to a drainage channel 

made of aluminum sheet, provided at the lower end of glass 

cover. A rubber gasket and an adhesive (M-Seal trademark) 

were used to make the still airtight. Window-putty was also 

applied to ensure perfect sealing. 

B. Passive type Solar still 

The schematic diagram of the Passive type solar still are 

shown in Fig 4. It is reported [4] that the output of the still is 

maximum for the least water depth in the basin. However, to 

avoid the daily feeding of water, the basin was designed for a 

maximum depth of water of 40 mm. Moreover, to avoid the 

spilling of basin water into the distillate channel and to 

prevent the contact of distillate channel with the glass cover, 

the height of the lower vertical side of solar still was kept at 

60 mm (0.06 m).  

 
Fig. 4: Schematic view of Passive type Solar still. 

This conventional single slope solar still has an 

effective basin area of I m x 1 m and it is fabricated using 

fibre reinforced plastic (FRP) material. A glass cover with an 

inclination of 10° to the horizontal is fixed to the top of the 

vertical walls of the still using a rubber gasket and an 

adhesive (M-Seal trademark). To ensure that vapors are not 

lost to the atmosphere, the glass cover is further sealed with 

window-putty (chalk mixed with linseed oil). The distillate 
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output is collected by a channel, fixed at the end of the smaller 

vertical side of the basin. A plastic pipe is connected to this 

channel to drain the distilled water to an external jar.  

A plastic hosepipe is fixed through a hole drilled at 

the bottom of the basin to drain water and clean the basin. An 

inlet pipe is also fixed at the rear wall of the still for feeding 

saline/brackish water [29]. Holes are also drilled in the body 

of the still to fix thermocouples to sense the temperature of 

water in the basin and the inner glass temperature. The whole 

unit is mounted on an angle iron stand. The solar still is 

oriented due south in order to receive maximum solar 

radiation throughout the year. 

IV. FACTORS AFFECTING THE PRODUCTIVITY OF SOLAR 

STILL 

A. Effect of Solar Intensity due water glass temperature 

Solar intensity is the driving force for evaporating water from 

the basin to the glass in the still. Evaporation of water in the 

still depends on water-glass temperature difference also. 

When solar intensity increases, both productivity and water-

glass temperature difference increase as shown in the Fig. 5 

This graph was plotted for Vapour adsorption type solar still. 

 
Fig. 5: Effect of Solar intensity and water-glass temperature 

difference. 

B. Effect of ambient temperature 

With the decrease in ambient temperature, the glass 

temperature decreases and the difference (Tw – Tg) increases, 

but there is a general fall in the overall temperature of the 

system, hence the output decreases.  

C. Effect of Thermal capacity on output 

Cooper [30-32] has studied the effect of water depth on the 

distillate output, as shown in figure 6. As we see from the 

figure, without insulation, the gains from decreasing the 

water depth are only marginal, but with insulation, the 

difference is more marked, especially at low depths. 

 
Fig. 6: Shows the Output from a still, for varying water 

depths with and without insulation 

D. Effect of Solar radiation on Productivity 

For a constant value of wind velocity 1 m/s, data were taken 

from various days of experiments including all modifications. 

The variation of productivity with solar intensity is plotted in 

Fig. 7. It was found that productivity increased with solar 

intensity. When solar intensity increases, the saline water 

temperature increases. Thus the productivity increases. 

 
Fig. 7: Effect of Solar intensity on productivity of Solar still. 

E. Effect of Wind velocity on productivity 

As concluded by cooper [32], the output increases by 11.5% 

for average wind velocities from 0 to 2.15 m/s, while the 

increase is only 1.5% for average wind velocities from 2.15 

m/s to 8.81 m/s. thus, wind at higher velocities has a lesser 

influence on the distillation rate. 

The wind blowing over the glass cover causes faster 

evaporation from it resulting in a fall in the temperature; thus 

the yield from the solar still increases for larger water depth 

in the still. However, for smaller water depth the wind has no 

effect on the output. Even for larger water depth, wind 

velocity above a particular value (around 5m/s) has not much 

effect on the yield [33]. However, as the wind velocity 

increases, the convective heat loss from the glass cover to 

ambient increases hence the glass cover temperature 

decreases which increase the water glass cover temperature 

difference and hence the overall yield. Convective losses are 

directly proportional to wind velocity. Hence, wind velocity 

increases, the productivity decreases. 

F. Recent Developments in Solar still 

A conventional solar still is often used to distill brackish or 

salty water in order to obtain fresh and drinkable water. 

However, the efficiency of a conventional solar still is low 

and made this system not so much popular. Numerous 

scientists have been working on the conventional solar still 

by modifying it in order to increase the efficiency of this kind 

of system. The efficiency of a conventional solar still’s 

efficiency depends on solar irradiation, ambient temperature, 

weather conditions, heat loss and glazing material [15].   

Different designs have been made to make progress 

in performance of solar stills, some of them are; multi-basin, 

double-basin, wick basin [18] and multi-use environmental 

type. The efficiency of different solar stills depend on many 

parameters [20]. Also, the water height in the basin affect the 

yield. The yield increased by using black sand and black 

rubber in solar stills [22].  

In 2008, a study was performed by Assefi [25], 

which was about reviewing an analysis of solar desalination 

systems under this scope. This study was carried out on 
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modeling and analyzing a single slope solar still in order to 

investigate the effect of water depth and inclination angle of 

the glass cover on the productivity of the system. Among the 

published experimental data, it was found that the highest 

productivity rate is obtained with solar humidification-

dehumidification systems while that the lowest is obtained by 

using conventional solar stills with bare plate. 

In 2006 Mathematical modeling of an inclined solar 

water distillation system was proposed by Aybar, H.S,[23]. 

An inclined solar water distillation system, which generates 

distilled water (i.e., condensate) and hot water at the same 

time, was modeled and simulated. In the parametric studies, 

the effects of feed water mass flow rate and solar intensity on 

the system parameters were investigated. The system could 

generate 3.5–5.4 kg (per m2 absorber plate area) of distilled 

water during a day (i.e., between 7 am and 7 pm). The 

temperature of the produced hot water was reached as high as 

60 0C, and the average water temperature was about 40 0C, 

which is good enough for domestic use. The simulation 

results were in agreement with the experimental results. 

In 2005, an experimental study on an inclined solar 

water distillation system was conducted by Aybar, et al. [34]. 

This experiment was carried out under Famagusta weather 

conditions. The feed water flows on the bare plate and solar 

radiation evaporates water, then the water vapors condenses 

under the glass, cover used as glazing. Condensate water was 

collected in a separate reservoir where hot water is directed 

to another reservoir. This experiment was carried out with 

three variants; bare plate, black cloth and black fleece. Using 

the wick caused the even distribution of water on the absorber 

plate, which improved the yield compared to the flowing 

water on a bare plate.  

The potable water production increased when black 

wick was used. In this work, the test was carried out for 7 hr. 

In this experiment, 2 0C and 4 0C were the temperature 

difference was between the hot water and air temperature 

inside the box. The feed water that comes from the main 

reservoir tank is 4060-brackish feed water (i.e., 4060 ppm). 

With the bare plate the hardness of fresh water obtained was 

about 42 ppm. With the black-cloth wick and the black-

fleece, the hardness of the fresh water was measured as 79 

ppm and 140 ppm, respectively. Using wicks increased the 

potable water production two to three times. 

G. Efficiency of Solar still 

The efficiency of solar stills is strongly dependent on several 

factors other than their design and principle. The factors like 

input saline water temperature, outside temperature, airflow, 

intensity of available solar radiation, etc. have strong 

influence on the solar still performance. Table 1 summarizes 

the efficiencies of different types of solar stills 

experimentally found by the researchers for their designed 

and installed set up [35-37]. The references depict that the 

efficiency of simple basin type solar stills can be improved 

significantly by changing its materials and design. However, 

the wick type capillary stills have more promise than the 

basin types [38-40]. The installation cost of capillary solar 

still is higher but the improved efficiency justifies the 

investment. 

S. 

No. 
Solar still 

Output 

Efficiency 
Reference 

1. 
Simple basin type 

solar still 
30% 

Sodha et al., 

1981 

2. 
Single slope solar 

still 

23% to 

31% 

Dwivedi and 

Tiwari, 2008 

3. 
Double slope 

solar still 

25% to 

34% 

Dwivedi and 

Tiwari, 2008 

4. 
Multiple wick 

solar still 
34% 

Sodha et al., 

1981 

5. 

Low cost 

thermoformed 

solar still 

39% 
Flendrig et 

al.,2009 

6. 

Double effect 

multi wick solar 

still 

50% to 

60% 

Singh and 

Tiwari, 1992 

7. 

Capillary film 

distiller (one 

stage) 

50% to 

55% 

Bouchekima et 

al., 1998 

8. 
Tilted wick type 

solar still 
53% 

Mehdi et al., 

2011 

Table 1: Efficiency of solar stills. 

H. Advantages of Solar still 

 Produces pure  water   

 No prime movers required 

 No conventional energy required 

 No skilled operator required 

 Local manufacturing/repairing 

 Low investment 

 Can purify highly saline water (even sea water). 

I. Limitations of Solar still 

 Low efficiency 

 Low production capacity 

 The larger tilted glass cover might be an attraction to 

bugs and insects 

 Solar stills don’t kill bacteria 

J. Applications of Solar still 

 Industries; for industrial processes 

 Hospitals and Dispensaries; for Sterilization 

 Automobile Workshop; for Radiator and Battery 

maintenance 

 Laboratory use; for analytic work 

 Desalination; to get fresh potable water. 

V. CONCLUSION 

Solar stills represent the foremost attractive and simple 

technique among all distillation processes. The productivity 

of solar still increases with increase in solar intensity and 

water-glass temperature difference and decreases with 

increase in wind velocity. Installation of solar still, glass 

cover is very important for increase in productivity. Hence, 

north latitude places south facing glass cover should be used 

and south latitude places north facing glass cover should be 

used. The efficiency of the solar still can be increased by 

increasing the evaporation rate and by minimizing the 

convective and radiative losses in still. Solar stills are very 

easily be fabricated by the unskilled local people, using 

locally available materials. The major interesting results are 

found: 
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 Lower latitude places double slope solar still and higher 

latitude places single slope solar still should be used. 

 Lower thickness glass cover is preferred compared with 

higher thickness glass cover due to its higher 

absorptions. 

 Glass is most suitable material for the solar still cover 

because of higher transmittance and higher thermal 

conductivity. 

 Day time as well as night time productivity of solar still 

is greatly depends on the heat capacity and water 

capacity inside the basin. 

 For higher radiation intensity places deep basin solar still 

should be prefer for nocturnal production and lower 

radiation intensity places shallow basin solar still should 

be prefer. 

 Rubber, gravel, saw dust and sponge cubes are good 

material to store the solar energy and increase the 

productivity. 

 An efficient utilization of the solar energy could 

minimize the need for using the expensive conventional 

sources of energy and meet the energy saving 

requirements. 

 The possibility of increasing the water productivity could 

be reached by lowering the water depths on the basin- 

absorbing plate. It is necessary to investigate the effect 

of all the operational parameters before taking the 

decision of installing the solar distillation plant. 

 It was found that the geographical location may having a 

significant positive effect on the increased water 

productivity, especially for those locations with an 

abundant solar irradiation and situated at higher 

elevations above the sea level, where the reduced boiling 

point of water and the corresponded saturation pressure 

are below the standard atmosphere. 
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