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Abstract: Water is essential to life. The origin and continuation of mankind is based on water. The supply of drinking 

water is an important problem for the developing countries. The increasing world population growth together with 

increasing industrial and agricultural activities all over the world contributes to the depletion and pollution of fresh 

water resources. The rapid increasing need for energy and environmental concerns has focused much attention on 

renewable energy resources. Among the non-conventional methods to desalinate brackish water or seawater, the 

cheapest method is solar distillation. The yield of the single basin solar still is very less and it increases considerably 

when the solar still was built with copper sheet. They greatly improve the rate of evaporation and the rate of 

condensation on the cooler surface. The efficiency is higher for solar still made up of copper sheet and it can be 

increased further by providing a heat absorbing materials inside the still.  This cost-effective design is expected to 

provide the rural communities an efficient way to convert the brackish water in to potable water. The theoretical results 

agree well with the experimental ones.  
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I. INTRODUCTION 

 

Water is a nature’s gift and it plays a key role in the development of an economy and in turn for the welfare of 

a nation. Non-availability of drinking water is one of the major problems faced by both the under-developed and 

developing countries all over the world. There is a severe shortage of fresh water in the world today. In developing 

countries, lack of safe and unreliable drinking water constitutes a major problem. Worldwide drought and 

desertification are expected to increase the drinking water shortage to become one of the biggest problems facing the 

world. As population grows, there is less water per captia.  At the current trend of growth, it is predicted that the global 

population will reach 8 billion by 2025 and the per captia water available will go down. Along with depletion and 

pollution of existing water supplies, the growing world population leads to the assumption that two thirds of the 

population will lack sufficient fresh water by the year 2025 [1]. As the available fresh water is finite on earth, its 

demand is increasing day by day. The increasing world population and the rapid increase of industrial and agricultural 

activities all over the world contribute to the depletion and pollution of fresh water resources. Hence, there is an 

essential and earnest need to get fresh water from the saline/brackish water present on or inside the earth [2]. Water is 

an abundant natural resource that covers three quarters of the earth’s surface. However, around 97% of the water in the 

world is in the ocean, only about 3% of all water sources are potable. Less than 1% fresh water is available within 

human reach and even this small fraction (ground water, lakes and rivers) is believed to be adequate to support life and 

vegetation on the earth and the rest is permanent snow cover, ice and permafrost in polar region. About 25% of the 

world does not have access to good quality and quantity of fresh water and more than 80 countries face severe water 

problem [3]. The rapid increasing need for energy and environmental concerns has focused much attention on 

renewable energy resources. Nowadays pollution in rivers and lakes by industrial effluents and sewage disposal has 

resulted in scarcity of fresh water in many big cities around the world [4]. 
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Remote and arid regions depend on underground water for drinking. On the other hand, the surface water 

(rivers and lakes) pollution caused by industrial and agricultural wastes and the large amount of sewage, limits the 

suitability of many available fresh water and resources. Unfortunately underground water is not always considered to 

be fresh drinking water; instead it is called brackish water. The salinity of brackish water varies with locations. In such 

cases, fresh water has to be either transported for long distances or connected with an expensive distribution water 

network at extremely high cost for a small population [5]. Excess brackishness causes the problem of taste, stomach 

problems and laxative effects. According to World Health Organization (WHO), the permissible limit of salinity in 

water is 500 ppm but most of the water available on earth has the salinity up to 10,000 ppm. This is accomplished by 

several desalination methods like reverse osmosis, electro dialysis, vapour compression, multistage flash distillation, 

multiple-effect distillation and solar distillation, which are used for purification of water [6].   

 

The use of solar energy is more economical than the use of fossil fuel in remote areas having low population 

densities, low rain fall and abundant available solar energy. Solar stills are highly reliable and they can easily provide 

us with the necessary daily amount of drinking water for the water scare and drought areas like Africa, Asian countries 

etc. Also it is simple and has no moving parts and maintenance free. The problem of solar stills is the low productivity. 

Different techniques were used to enhance the output of the stills. In this context, distilled water evaporation rate is 

improved by making solar still basin on Copper sheet instead of Galvanized Iron sheet. The rate of heat transfer to 

water in the still made up of Copper is more and hence the increase in efficiency. The attempts are also made to 

increase the productivity of water by painting black coating inside the still basin made up of Copper sheet.   
 

II. LITERATURE REVIEW 

 

 Water has been recognized as a basic human right. Large quantities of fresh water are required in many parts of 

the world for agricultural, industrial and domestic uses. The utilization of renewable energy offers a wide range of 

exceptional benefits and  expected to have a flourishing future and an important role in the domain of brackish and 

seawater desalination in developing countries [7]. Fortunately, the regions in most need of additional fresh water are 

those with the most intense solar radiation. For this reason thermal solar energy in desalination processes should be the 

most promising application of renewable energies to seawater desalination [8]. Many solar distillation systems were 

developed over the years using the above principle for water purification in many parts of the world. For smaller 

communities with less consumption rates and greater distances from the water supply network, savings can be more 

evident. As of today, nearly one fourth of mankind is suffering from inadequate fresh water supply [9]. 

 

A. Conventional Solar Still 

The conventional solar still is an airtight basin of rectangular shape made from galvanized iron or cast 

iron and covered by glass to trap the solar energy inside the still. The condensed vapour at the interior surface of the 

glass is collected at the glass bottom. Solar stills can solve part of the problem in those areas where solar energy is 

available [10]. A solar still is a low-tech way of distilling water, powered by the heat from the sun. A solar still operates 

similar to the natural hydrologic cycle of evaporation and condensation. In the conventional solar still, saline water is 

stored in the basin of still, and the sun rays are passed through the glass cover to heat the water in the basin and the 

water gets evaporated and it leaves all contaminates and microbes in the basin. The purified water vapour condenses on 

the inner side of the glass, runs through the lower side of the still and then gets collected in a closed container. By 

considering the various factors affecting the productivity of the solar still, various modifications are being made to 

enhance the productivity of the solar still.  

 

III. EXPERIMENTAL SETUP 

 

In this context, two single basin solar still of same size 900x300x50mm and 2 mm thick made up of GI and Copper 

sheet were fabricated by sheet metal work of bending and cutting. The shallow rectangular basin made up of GI or 

Cooper sheet, was placed inside the outer box. The outer box made by plywood. Thermo cool of 2.5 cm thickness with 

thermal conductivity of 0.045W/mK is used as an insulating material to reduce the heat losses from the bottom and the 

side walls of the solar still. The bottom of the basin is usually painted black to absorb the sun’s heat which in turn 

increases the evaporation rate. The top of the basin is covered with a glass of 5 mm thick. The glass has been mounted 

at an angle of 9° equal to the latitude of Nazareth, to ensure maximum transmission of solar radiation into the still as 

well as enabling condensed vapor to trickle down the trough built in the still basin. Provision is made to supply water to 

the still and to collect the condensate from the still. The edges of the glass are sealed so that the entire basin becomes 

air tight. Consequently, the water gets heated, leading to an increased difference of water and glass cover temperatures. 
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Iron – Constantant J type Thermocouples were installed to measure the glass cover temperature, the vapour 

temperature, the water temperature and the ambient temperature. Solarimeter is used to measure the solar intensity. The 

wind speed is measured by an Anemometer. 

A. Design Specification 

The materials selection and design specification of the solar still is shown in Table I. The cover is sealed 

tightly using silicon sealant to reduce the vapor leakage. Sealant should remain resilient at very low temperatures, low 

cost, durable and easily applicable. 
TABLE I 

SPECIFICATION  
 

Parts Size Material Purpose 

Still outer box 1050 X 350 X 430mm Plywood (Water Proof) Low cost and availability 

Still Basin 
900 X 300 X 50 mm 

Thickness 1.5mm 

Galvanized Iron Sheet Low cost and stability 

Copper Sheet High Thermal conductivity 

Top Cover 1175 X 320 X 5 mm Glass High transmitivity 

Insulation 25mm thick Thermo cool Insulation, economical 

 

B.  Solar still made up of GI sheet  

Fig. 1 shows an experimental setup of a solar still, made up of Galvanized Iron sheet. After releasing the 

latent heat, the condensed water vapor trickles down the inclined glass cover to an interior collection trough from there 

it is collected into the storage container through distilled output collection port. Purified drinking water is collected 

from the distilled output collector.  

 

 
Fig. 1 Solar Still made up of GI Sheet 

 

C.  Solar Still made up of Copper Sheet 
Another still basin made up of Copper, painted black at the inside bottom is fabricated for the same 

specifications as shown in the Fig. 2. The Copper has higher thermal conductivity of 401 W/mK which is 

comparatively higher than G.I Sheet. Therefore  the rate of heat transfer to water in the still is more. Thus the water 

temperature will be increased. Due to this evaporation rate of water will also be increased. 

 

 
Fig. 2 Solar Still made up of Copper 
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IV. EXPERIMENTAL ANALYSIS FOR SOLAR STILL MADE UP OF GI SHEET 

 

A. Measurements 

The solar still made up of Galvanized Iron sheet, inside bottom black paint coated is operated at ambient 

conditions from 7:00 am to 7:00 pm during the months of April and May 2012. The measurements of the temperatures, 

solar radiation intensity, and the production of distilled water are taken hourly to study the effect of each parameter on 

the still productivity. In this study various operating conditions have been examined such as; different water depth, 

insulation thickness, ambient temperature and salt concentrations. The variables such as Tgin, Tgout, Ta, Tw, Tp and 

productivity are measured hourly. The total productivity and solar Intensity for each day are also measured. Also, 

different experimental tests are carried out at different ambient conditions. The wind speed is found to be around 2-4 

m/s.  

B. Experimental Readings 
The water level in the solar basin is maintained to a level of 1 cm and the salt concentration 0%. The hour 

by hour reading is tabulated in the Table II. The productivity rate varies as time passes from the early morning until 

late afternoon. In the morning, the temperature of water is low; therefore it needs high energy to change its phase from 

saturated liquid to saturated vapour phase. The results show that temperature and required heat are inversely 

proportional. The same measurement process is repeated for various parameters to find out the performance of the solar 

still by varying the salt concentrations of the water inside the solar still. Readings are tabulated for the different salt 

concentrations for the same water level inside the solar still and graphs are drawn. The readings are very low in values 

when compared to the water having 0% salt concentration for the same water level. It also shows that the higher the salt 

concentrations the lower will be the productivity. 

The same measurement process is repeated to find out the performance of the solar still by varying the water 

level inside the solar still. The water level inside the still is increased from 1 cm, 3 cm and 5 cm. Readings are tabulated 

for the different water level for the same salt concentrations inside the solar still. If the water level inside the still is 

increased, the heat received from the solar radiation is spent for heating large quantity of water. So that water 

temperature inside the basin is decreased and in turn the amount of water evaporated is lowered. Therefore higher the 

water level, lower will be the distillate collected.  Hence, there is a decrease in efficiency of the still for the incident 

solar radiation. This shows that the lower the distillate collected for the increase in water level.  

C. Discussion on Results 

 

1) Productivity Vs Time with various concentrations: For a solar still made up of galvanized iron sheet,  

graphs are drawn for Productivity and Time for various concentrations of 0 %, 10 % and 20% and where 

different depths of water level of 1cm and 5 cm. It reveals an increase in the productivity for minimum 

depths of water level as shown in Fig. 3 and it decreases with increase in water level as shown in Fig. 4. It 

also shows that the lower the salt concentrations the higher will be the productivity as shown in Fig. 3, 

Fig. 4.   

  

Fig. 3 Productivity Vs Time     Fig. 4 Productivity Vs Time 

2) Productivity Vs Time with different levels of water: For a solar still made up of galvanized iron sheet 

graphs are drawn for Productivity and Time for different depths of water level of 1cm, 3cm and 5cm for 

various concentrations of 0 % and 20%. It reveals an increase in the productivity for the minimum depths 

of water level as shown in Fig. 5 and Fig. 6. It also shows that the lower the salt concentrations the 
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higher will be the productivity as shown in Fig. 5 and it decreases with increase in the salt concentrations  

as shown in Fig. 6. 
 

  

Fig. 5 Productivity Vs Time     Fig. 6 Productivity Vs Time 

V. EXPERIMENTAL ANALYSIS FOR SOLAR STILL MADE UP OF COPPER SHEET 

 

A. Measurements 

A single basin solar still made up of copper sheet inside bottom black colour coated is fabricated and 

tested in the same way from 7:00 am to 7:00 pm during the months of April and May 2012. The same measurement 

processes is repeated to study the effect of each parameter on the still productivity for various operating conditions. 

The wind speed is found to be around 2-4 m/s. The average daily output was found to be 3 liters/day for basin area of 

0.27 m
2
 based on data. The optimized glass cover angle was 9

0
. The water level in the solar basin is maintained to a 

level of 1cm and 0% salt concentration. The hour by hour reading is tabulated in the below tabular column Table II. 

From this table, we infer that the output readings are very high in values when compared to the solar still made up of 

galvanized iron sheet for 0% salt concentration and 1 cm water level. The productivity rate varies as time passes from 

the early morning until late afternoon and the output of the solar still varies directly with the ambient temperature. The 

hourly output is maximum in the afternoon hours when the ambient the ambient temperature is at its daily peak. 

 

B. Experimental Readings 
In this still, the productivity increases due to the increase in heat gain for water vaporization inside the 

still because copper conducts more heat compared to the still made up of Galvanized Iron. If the level of salt 

concentration is higher, the portion of incident solar radiation is wasted for heating the salt rather to heat the water 

inside the still. So that water temperature inside the basin is decreased and in turn the amount of water evaporated is 

lowered. Therefore, more the salt concentrations lower the distillate collected.  Hence, there is a decrease in efficiency 

of the still for the incident solar radiation. The water temperature has a direct effect on the productivity whereas the 

depth of water increases from 1 cm to 3 cm  and 5 cm, the daily still output decreases i.e. inversely proportional. The 

efficiency was calculated as 80 % higher when compared with the stills being used worldwide. 

 

C. Discussion on Results  
 

1) Productivity Vs Time with various Concentrations: For a solar still made up of copper sheet, Graphs are 

drawn for Productivity and Time for various concentrations of 0 %, 10 % and 20% for different depths of 

water level of 1cm and 5 cm.  It reveals an increase in the productivity for minimum depths of water level as 

shown in Fig. 7 and it decreases with increase in water level as shown in Fig. 8. It also shows that the lower 

the salt concentrations the higher will be the productivity as shown in Fig.7 and Fig. 8. 
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Fig. 7 Productivity Vs Time     Fig. 8 Productivity Vs Time 

2) Productivity Vs Time with different levels of water:  

  
 

Fig. 9 Productivity Vs Time     Fig. 10 Productivity Vs Time 

For a solar still made up of copper sheet, Graphs are drawn for Productivity and Time for various concentrations 

of 0 % and 20% and where different depths of water level of 1cm ,3cm and 5cm. as shown in Fig. 9 and Fig. 10. It 

reveals an increase in the productivity for minimum depths of water level as shown in Fig. 9. It also shows that the 

higher the salt concentrations the will be lower the productivity as shown in   Fig. 10. 

 

VI. COMPARISON BETWEEN SOLAR STILLS MADE UP OF GI SHEET VS COPPER 

In this work, the performance of a solar still made up of copper sheet is compared to the still made up of 

galvanized iron sheet as shown in the Table II. Both the stills are coated with black painting inside the bottom of the 

basin to increase the temperature of the water in the basin by absorbing all the incident solar radiation. A single basin 

solar still made up Galvanized Iron sheet has low yield of 1360 ml/day and 30 % efficiency. But, for the still made up 

of copper sheet, the productivity is increased further due to the increase in heat gain for vaporization of water inside the 

still. Copper has higher thermal conductivity and it conducts more heat. Due to this, the amount of distillate collected in 

this still is higher (2490 ml/day) and hence the increase in efficiency by 80 % when compared to the still made up of 

Galvanized Iron sheet for the same basin area, coated with black painting inside the still.  The annual yield is at its 

maximum when the condensing glass cover inclination is equal to the latitude of the place. 
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TABLE II 

GI SHEET Vs COPPER SOLAR STILLS (1Cm WATER LEVEL 0% SALT CONCENTRATION) 
 

Time Duration DBT WBT Wind Velocity Solar Intensity Water  Collection in ml 

Hour 0C 0C m/s W/m2 GI still Copper Still 

07a.m-08a.m 28 25 0.9 850 20 50 

08a.m-09a.m 30 26 1 1000 40 80 

09a.m-10a.m 32 27 1 1250 75 120 

10a.m-11a.m 34 27 0.7 1275 100 200 

11a.m-12a.m 35 28 4.5 340 130 260 

12p.m-13p.m 36 27 0.5 1143 180 300 

13p.m-14p.m 37 27 2.1 1060 240 330 

14p.m-15p.m 36.5 28 1.8 338 190 380 

15p.m-16p.m 36 27 2.5 750 165 320 

16p.m-17p.m 33 25 2.3 1100 125 240 

17p.m-18p.m 31 24 2.5 904 70 130 

18p.m-19p.m 28 23 2.0 700 25 80 

  

A. Productivity Vs Time for Copper Still Vs GI Still 
For a solar still made up of copper solar stills made up of GI sheet and Copper sheet, Graph is drawn for 

Productivity and Time for the water level of 3cm for salt concentration of 10 %. The productivity is higher for the copper 

still when compared with the still made up of GI sheet as shown in Fig. 11. 

 

 

Fig. 11 Productivity Vs Time for Copper Still Vs GI Still 

VII. COST ESTIMATION 

 

The overall cost of the experimental setup is given in Table III. 

TABLE III  

COST ESTIMATION 
 

Sl. No Description 
Amount Rs. 

(GI) 

Amount Rs. 

(Copper) 

1 Basin material (GI or Copper) 2000 4900 

2 Plywood 1200 1200 

3 Glass 550 550 

4 Supply tank with accessories 400 400 

5 Collecting tank 600 600 

6 Thermocool 250 250 

7 Labour charges 500 500 

8 Over head charges 500 500 

Total Rs.6000 Rs.8900 
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A. Economic Analysis 

The payback period of the solar still setup depends on overall cost of fabrication, maintenance cost, 

operating cost and cost of feed water. The payback period for both the stills is less than 1 Year. 

 

VII. THEORETICAL ANALYSIS 

The energy received by the saline water in the still I (t) solar radiation and Q cb-w convective heat transfer 

between basin and water are equal to the summation of energy lost by Q cw-g convective heat transfer between water 

and glass, Q rw-g radiative heat transfer between water and glass, Q ew-g   evaporative heat transfer between water and 

glass and energy gained by the saline water:  

 wbQAatI cww)( dtdTcmgwQgwQgwQ wpwwerc /
 

Following Dunkle (1961),  

the rate energy lost from water surface by evaporation per m
2
 is given by 

)(0163.0 gwcwew PPhq 
 

ncw GrC
k

dh
Nu Pr)..(

 
The hourly distillate output per m

2
 from distiller unit is given by 

3600X
L

q
m ew

w  n

gw GrC
Ld

k
PP Pr)()

3600
)()((0163.0 

nw GrC
R

m
Pr)(

       

where 

)
3600

)()((0163.0
Ld

k
PPR gw 

 

Pw =Partial pressure of saturated water 

Pg= Partial pressure of glass saturated  

hcw=heat loss coefficient by convection    from water surface to glass (W/m
2 
K) 

The still efficiency is defined as the ratio of heat energy used for vaporizing the water in the basin to the total Solar 

Intensity of radiation absorbed by the still. The daily efficiency ( ηd) is obtained by summing up the hourly condensate 

production (mw), multiplied by the latent heat of vaporization (hfg), and divided by the daily average solar radiation (I) 

over the still area (As). 

 The overall Thermal Efficiency of still ( ) is given by   
IA

hm

s

gfw

.

.




 ---------(16)  

where, 

 mw=mass of distillate collected in kg/s  A  = Area of the basin in m
2                          

  

I(t) = Solar radiation with respect to time W/m
2 
and 

L    = Latent heat of vaporization in KJ/kg.  

 
 

VIII. CONCLUSION  

 

In this work, two solar stills made up of galvanized iron sheet and copper sheet of   the same size were 

fabricated and experimentally tested. The productivity rate varies as time passes from the early morning until late 

afternoon. If the ambient temperature increases or the wind velocity decreases, the heat loss from solar still decreases 

resulting in higher distillation rate. In this innovative copper still the productivity is increased significantly because 

Copper has higher thermal conductivity and it conducts more heat to the water in the basin.  The solar radiation is also 

absorbed by black paint coated inside bottom of the basin and thus increases the temperature of the water. Due to this, 

the amount of distillate collected in this still is higher (2490 ml/day) and hence the increase in efficiency by 80 % when 

compared to the still made up of Galvanized Iron sheet for the same basin area.  The efficiency increases when the 

insulation thickness increases because of decrease in the heat loss from the still to the surroundings. The water 

temperature has a direct effect on the productivity. But if the depth of water increases, the daily still output decreases 

i.e. inversely proportional. There is an increase in the productivity for the minimum depths of water level because of 

lower thermal capacity and thus increase in water temperature. If the level of salt concentration is higher, then a portion 

of incident solar radiation is utilized for heating the salt rather to heat the water inside the still. So that water 

temperature inside the basin is decreased and in turn the amount of water evaporated is lowered. Therefore more the 
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salt concentrations lower the distillate collected. Hence, there is a decrease in efficiency of the still for the incident solar 

radiation. Thus the efficiency is higher for a solar still made up of copper sheet and it can be used at each house for 

producing the drinking water.  
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