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ABSTRACT: Five solar stills of the same size and configuration but with different glass cover thicknesses 

were designed, constructed and their performances evaluated. Still 1 had a sheet glass cover, still 2 had  two 

sheets of glass lying on each other, still 3 had two sheets of glass with an airspace between them, still 4  had 

three glass sheets without airspace between, and still 5  had three  glass sheets  with an air space between each. 

A storage medium was designed and constructed to boost the night yield of the stills. The daily insolation, 

ambient, cover and water temperatures and the output for the five stills were measured. The efficiencies for the 

daytime operation were computed. The output volumes and efficiencies of the stills were compared. Still 1 had 

the highest mean water output volume of about 306 cm
3
 and an efficiency of 24%  indicating that for better 

daytime yield, a window glass solar still cover in Makurdi location should have a thickness in the region of 4 

mm. Still 3 had the better night time yield which implies that the cover configuration could be exploited to boost 

overall still output. 

 

KEYWORDS : Solar stills, output volume, glass cover thickness, insolation, temperature difference,  daytime 

yield. 
 

I. INTRODUCTION 
 The growing need for potable water around the world, especially in developing countries cannot be 

over emphasized. The availability of potable water in sufficient quantities to persons or communities in the 

developing world is still a major problem. Many health disorders in rural communities in the developing 

countries have been traced to intake of contaminated water. Apart from drinking, pure water is needed to meet 

the requirements of medical, pharmacology chemical and industrial applications [1, 2]. Sources of raw water 

(groundwater upland lakes and reservoirs, rivers, canals and lowland reservoirs, rain water etc) are usually 

contaminated either by the presence of dissolved solids or pathogens in the water. Drinking water that contains 

pathogens or that contains unacceptable levels of dissolved contaminants or solids in suspension when 

consumed leads to widespread acute and chronic illness and is a major cause of death in many countries. In 

2006 waterborne diseases were estimated to cause 1.8 million deaths each year while about 1.1 billion people 

lacked proper drinking water [3-5]. 

 

Sunlight is earth‟s primary source of energy. The solar constant is the amount of power that the sun 

deposits per unit area that is directly exposed to sunlight. The solar constant is equal to approximately                

1368W/m
2
 at a distance of one astronomical unit (AU) from the sun (that is, on or near earth). Sunlight on the 

surface of earth is attenuated by earth‟s atmosphere so that less power arrives at the surface – closer to 

1000W/m
2
 in clear conditions when the sun is near the zenith [6]. The total solar energy absorbed by the earth‟s 

atmosphere, oceans and land masses is approximately 3850000 exajoules (EJ) per year. In 2002, this was more 

energy in one hour than the world used in one year. Photosynthesis captures approximately 3000 EJ per year in 

biomass. The amount of solar energy reaching the surface of the planet is so vast that in one year it is about 

twice as much as will ever be obtained from all of the earth‟s non-renewable resources of coal, oil, natural gas, 

and mined uranium combined. Makurdi, the location of this study, is on latitude 7.7
0
 and longitude 8.73

0
 and 

receives an average insolation of 35430 kJ/m
2
/day from an average 6.13 hours of sunshine with the highest and 

lowest in August and December respectively [7]. 

 

The use of solar thermal power to desalinate brackish water or to produce drinking water by 

distillation, although not as cost-effective as compared to other conventional methods of drinking water 

production in use, is very efficient in producing high quality (pure) drinking water. Solar distillation is carried 

out in a solar still. The basic principle of operation of a still is hinged on the principles of evaporation and 

condensation. The water in the still gets heated by the sun‟s energy, the water evaporates and condenses on the 

glass cover and is collected.  
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The still has very low maintenance requirements since it has no moving parts and uses the sun‟s energy 

to power its operation. Solar stills effectively eliminate all water borne pathogens, salts, and heavy metals, and 

produce ultrapure water that is proven to be superior to most commercial bottled water sources [8]. Although the 

solar still produces water with a high degree of purity, its output or yield per day is low. Several modifications 

of the still have been developed to increase its yield. It has been found that the difference in temperature 

between the water and the condensing glass surface affects the yield and the greater the difference, the greater 

the yield [9-13].Over the years many technologies/techniques have been developed to treat water and make it 

suitable for required demands. In general, the methods/techniques used in a water treatment plant include 

physical processes like filtration and sedimentation, biological processes such as slow sand filters or activated 

sludge, chemical processes such as flocculation and chlorination and the use of electromagnetic radiation such 

as ultraviolet light. Desalination of brackish water could also be carried out by distillation or reverse osmosis 

[14-16]. 

 

A single basin solar still has a top cover made of glass, with an interior surface made of waterproof 

membrane. This interior surface uses a blackened material to improve absorption of the sun‟s rays. Water to be 

cleaned is poured into the still to partially fill the basin. The glass cover allows the solar radiation (short-wave) 

to pass into the still, which is mostly absorbed by the blackened base. The water begins to heat up and the 

moisture content of the air trapped between the water surface and the glass cover increases. The base also 

radiates energy in the infrared region (long-wave) which is reflected back into the still by the glass cover, 

trapping the solar energy inside the still (the „green house‟ effect). The heated water vapor evaporates from the 

basin and condenses on the inside of the glass cover. In this process, the salts and microbes that were in the 

original water are left behind [13, 17, 18]. The daily distilled water output (Me in Kg/m
2
day) is the amount of 

energy utilized in vaporizing water in the still (Qe in J/m
2
day) over the latent heat of vaporization of water (L in 

J/Kg). Solar still efficiency (η) is the amount of incident solar energy on the still (Qe in J/m
2
day). These can be 

expressed as: 

 

 
Typical efficiencies for single basin solar stills approach 60 percent. General operation is simple and 

requires facing the still towards solar noon, putting water in the still every morning to fill and flush the basin, 

and recovering distillate from the collection reservoir. Stills are modular and for greater water production 

requirements, several stills can be connected together in series and parallel as desired. As water evaporates from 

the solar still basin, salts and other contaminants are left behind. Overtime, these salts can build to the point of 

saturation if the still is not properly maintained and flushed on a regular basis [1, 16, 19-21].This device is 

however not popular because of its low productivity. Over the last few years, there have been efforts to develop 

simple solar distillation technologies that could be applied in these locations to meet drinking water needs  [22-

26]. Various efforts have been embarked upon to improve the production rate of this device. The methods that 

have been attempted to increase the productivity ranges from decrease the volumetric heat capacity of the basin, 

attachment of additional sub-systems and other major departures from the simple configuration. The 

enhancement of the productivity of the solar desalination system, in a certain location, could be attained by a 

proper modification in the system design [27-36]. However, the increase in the system productivity with high 

system cost may increase also the average annual cost of the distillate [37, 38].  

 

The Energy Systems Research Group of the Department of Mechanical Engineering at University of 

Agriculture, Makurdi has been working to further develop the technology and demonstrate its practicality as an 

innovative, effective, simple, and decentralized on-site water treatment system that can provide safe water in a 

cost effective and reliable manner. This effort began in earnest a few years ago and is still ongoing. Specific 

work has been done by [13] in investigating the effect of coupling a pre-heat tank and a reflector to a simple 

basin still at Makurdi. Also, [39] investigated the effect of a pebble thermal storage on the performance of a 

basin still. These and other unpublished works are aimed at making this simple technology to impact on 

provision of save drinking water in Makurdi Metropolis and its environs.Increasing the quantity of water 

produced by a single basin solar still has remained a major research focus in solar distillation. The objective of 

this study is to investigate the effect of the thickness of the cover on the yield of the still. A variation in the 

thickness of the glass cover of the still affects the transmission of heat through the glass and thus should affect 

the temperature of the inner surface of the glass and the difference in temperature between the glass and the 

water [40, 41]. The study is limited to the construction of five (5) solar stills with different cover 

thickness/configurations and studying the effect of the thickness on the yield of the still operation within 

Makurdi.  
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The abundance of brackish water in the form of the River Benue and abundant solar thermal radiation 

in Makurdi makes it suitable to operate solar stills in various parts of the town for the provision of potable water. 

This work is an attempt to study how the cover thickness affects the driving force of a still operation and 

ultimately identify a suitable cover thickness/configuration for Makurdi that gives optimal daytime yield as well 

as enhancing the night operation of the still. 

 

II. MATERIALS AND METHODS 
The basin solar stills used for the study were constructed and their performances evaluated at the 

University of Agriculture, Makurdi Engineering Complex. Most of the design parameters were selected based 

on availability of materials and/or convenience. The summary of the design parameters of the solar still and 

storage medium are given in Tables 1 and 2. Five glass configurations were considered. These are single paned 

glass cover of thickness 4mm, double paned glass cover with no airspace between them, double paned glass 

cover with a 4mm thick airspace between them, triple paned glass cover with no airspace between them, and 

triple paned glass cover with a 4mm thick airspace between them. The still boxes were constructed with 

plywood and the still basins with 1mm thick steel sheets painted black in order to enhance adsorption of heat by 

the water. The tests carried out involved measuring the ambient temperature which corresponds with the 

temperature of the outer surface of the glass covers of each still; the temperature of the inner surface of the glass 

covers as well as that of the water for every hour from 8:00am to 5:00pm using a thermocouple. The hourly 

solar radiation values were also measured using a Daystar Sun meter. The distillates from the different stills 

were collected at 5:00pm everyday and measured using a measuring cylinder and also documented. At 8:00am 

the night yield of the stills were also collected, measured and documented. The total output and distillation rates 

of each still were then computed. The results were then analyzed and conclusions drawn. 

 

Description of the system : Fig. 1 shows a schematic diagram of the plan of the arrangement. For each of the 

five stills, a 48cm × 33cm × 10cm mild steel tank and a 38cm × 5cm × 10cm aluminum distillate collector are 

fitted in a wooden box of length 60cm and width 40cm. The angle of inclination of the glass covering each of 

the stills is 12
0
 to the horizontal. One of the two wires of a thermocouple is fixed with its end near the bottom of 

the tank and the other is fixed with its end touching the inner surface of the glass cover. The five stills are 

mounted on a level plane above ground level facing south. The inlet pipes of the five stills are linked to a PVC 

pipe of diameter 1.27cm running along the stills from the first to the last. The PVC pipe is connected to the 

outlet tap from the storage medium tank via a flexible hose. The flexible hose is used to allow for slight changes 

in the elevation or orientation of the storage medium without affecting the position of the solar stills. Each inlet 

pipe is fitted with a tap that controls the flow of water into the still. The storage medium has a 43cm × 43cm × 

20cm mild steel tank centrally fitted in a 73cm × 73cm × 35cm wooden box with black painted pebbles 

surrounding it. The storage medium is mounted on a stand such that it is higher in elevation than the five stills, 

this is arranged so as to have free flow of water from the storage medium to the stills as a result of the 

hydrostatic pressure head set up between the stills and the storage medium by virtue of difference in elevation. 

Plate 1 shows the five solar stills linked with the thermal storage system. 

 

Table 1: Summary of Design Parameters for the solar stills used for the study 

 

                                 Parameter    Dimensions 

 

 Glass cover length    73cm 

 Glass cover width    73cm 

 Width of metal tank    43cm 

 Length of metal tank    43cm 

 Height of metal tank    20cm 

 Width of wooden box    73cm 

 Length of wooden box    73cm 

 Height of wooden box             35cm 

 Thickness of pebble gap (sides)   15cm 

 Thickness of pebble gap (base)   15cm 
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Table 2: Summary of Design Parameters for the storage medium 

 

Parameter    Dimensions 

 

Width of glass cover    40cm 

Length of glass cover    57.7cm 

Thickness of glass pane   0.4cm 

Width of distillate collector  5cm 

Length of distillate collector  38cm 

Height of distillate collector  10cm 

Width of tank    33cm 

Length of tank    48cm 

Height of tank    10cm 

Insulation thickness for sides  2.5cm 

Insulation for base    1cm 

Width of wooden box    40cm 

Length of wooden box   60cm 

Angle of inclination of glass  12
0
 

Diameter for PVC pipe   
1
/2" (1.27cm) 

            

 

 

Fig. 1: Schematic diagram of the arrangement of the Stills with the Storage Medium 

 

 
 

Plate 1:  The set up of the five solar stills for the study 

 

III. RESULTS AND DISCUSSION 
 Table 3 shows the mean temperatures, still output values, distillation ratios and efficiency for each still. 

Fig. 2 shows the variation of the daytime still output with the difference in temperature between the water and 

the inner surface of the glass cover. The trend clearly shows that the greater the difference in temperature 

between the water and the inner glass surface, the higher the yield. This is actually the driving force for simple 

basin still operation the reason for varying the cover thickness/configuration in this study is an attempt to 

improve the driving force. As seen from Table 3 the maximum mean difference in temperature of 4.2 
0
C was 

attained in the still 1 which also had the highest daytime water output of 306.3cm
3
. The still 5 had the lowest 

difference in temperature between the water and the inner glass surface of - 0.9 
0
C, the negative sign indicating 

that the temperature of the inner glass surface was greater than that of the water, and consequently the mean 

daytime still output was 0. This means that the inner glass surface was too hot to allow the condensation of the 

water vapor. 

 

 

 

 

 

Pebble 

Storage 

System 

Still 5 Still 4 Still 3 

Still 2 
Still 1 

Pipe Network 
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Table 3: Mean Values of Measured and Computed Parameters for each Still 

 

Still To(
0
C) Ti(

0
C) Tw(

0
C) Tw - Ti Vd(cm

3
) Vn(cm

3
) Vd + Vn Vd /Ve Vn / Ve η 

                                                                       (
0
C)                                                (cm

3
) 

 

1 44.3 48.4 52.6 4.2 306.3 72.4 378.6 0.064 0.015     0.24 

2 42.8 48.8 51.3 2.5    177 85.1 262.1 0.037 0.018     0.1 

3 41.3 50.9 52.0 1.1 75.3 66.7 142.0 0.016 0.014   0.058 

4 42.1 49.7 50.0 0.3 0.0 0.0 0.0 0.000 0.000     0 

5 40.9 52.5 51.6 -0.9 0.0 0.0 0.0 0.000 0.000     0 

 

 

Fig. 2 shows that the water output per still decreases from still 1 with each of the other stills producing 

lower yields. Table 3 shows that the difference in temperature between the water and the inner glass surface also 

decreases in the same order. As previously hinted, stills 4 and 5 produced no distilled water throughout the 

period of the study and that is why they are not represented in fig. 3. Fig. 4 shows a comparison of the 

distillation ratios of the stills 1 to 5. This ratio compares the volume of distillate during the day (Vd) and night 

(Vn) to the volume of water available for distillation (Ve). It is not a measure of the efficiency of the still though 

it is an indication of it. For the two ratios used,  and , still 1 expectedly had the highest value for 

.  reduces exponentially with the cover thickness. The exponential nature could be as a result of the 

presence of an air gap in the cover of still 3 and probably some inconsistencies with the structures of the sheet 

glasses used. The variation of the weather could be another factor though the conditions were fairly constant for 

the period of the study. Still 2 on the other hand had the highest , indicating better night performance. This 

appears to suggest that the optimum thickness of glass cover that is required for a significant yield for night time 

could be in the region of 8mm of window glass though further study needs to be carried out in order to be more 

specific. It is a good indication however for supplementary yield during the night when the sun is no longer 

shining. Still 2 probably was able to perform better at night due to the ability of the cover to retain more of the 

heat trapped during the day time. 

 

 
 

Fig. 2: variation of daytime still output with difference in temperature between the water and the inner glass 

surface 

 

 
Fig. 3: daily still outputs for the 3 stills that distilled water 
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Fig. 5 to 7 show the variation of daytime still output with the available insolation for Stills 1 to 3. The 

relationship for stills 1 and 2 are adequately linear as expected since the available insolation directly affects the 

rate of distillation. The main differences between the graphs are the slope and the intercept on the still output 

axis as shown in the equations of the lines. The values of these for still 1 were higher and this could be traced to 

the fact that it had a cover of thickness half of that for still 2. The intercepts indicate approximate still outputs 

when the insolation is 0. The intercept for still 1 is about 124cm
3
 which is greater than that for still 2 with about 

20cm
3
 (or about 16%). This difference is due to the ability of the inner surface of the cover of still 1 to cool to a 

relatively lower temperature than that for still 2 thereby aiding condensation of spontaneously evaporated water 

molecules. The curve for still 3 was a polynomial function. Apart from the fact that only three points were 

plotted (the days that it was able to produce water), the configuration of the cover (having an air gap of about 

4mm between the glass sheets) could have been responsible for the departure from a linear relationship. It is 

worth noting that on the three days that still 3 produced some water, the hourly ambient temperatures were 

relatively slightly higher than those for the other days. This is a pointer to the fact that solar stills with relatively 

large cover thicknesses may thrive better under conditions of high ambient temperatures.   

 

    

Fig. 4: daily distillation ratios for the study 

 
 

Fig. 5: variation of daytime still output with insolation for still 1 

 
Fig. 6: variation of daytime still output with insolation for still 2 
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Fig. 7: variation of daytime still output with insolation for still 3 

 

Still 1 has the highest efficiency of 0.24 or 24%. This adds weight to the fact that still 1 has the best 

yield. The negative slope of the graph indicates that the efficiency of the still decreases primarily with the cover 

thickness and/or configuration assuming that other parameters are effectively accounted for. The trend for this 

relationship is similar to that of the distillation ratios which lends weight to the earlier assertion that the 

distillation ratio is an indication of efficiency rather than a measure for it. 

 

IV. CONCLUSIONS AND RECOMMENDATIONS 
 Having observed the behavior of stills operating with glass covers of different thickness, it can be said 

that optimum yield can best be achieved with solar stills operating with single-paned glass covers. From this 

study, a good approximation of the optimum thickness of solar still cover is in the region of 4mm of window 

glass. This of course is subject to other factors such as the structure of the cover material. Further work can 

consider composite layers of different materials but with the thickness being around 4mm. The limitation of the 

thickness of the still cover to this region of values is most suitable as it keeps the design of solar stills simple 

and the cost of design and construction minimal especially with the target end-users being low income earners 

and largely located in rural areas. Based on the results of this study, the following recommendations are hereby 

made: 

[1] Thinner glass sheets as well as other transparent materials with thicknesses below 4mm should be used 

to determine the optimum still cover thickness. 

[2] The configuration of the cover of still 3 (air gap between two glass sheets) be further developed for still 

night operation to complement the daytime yield from a still having a single layer cover. 
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