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Abstract 
 
In present study, the comparative study of two different configurations of 

solar stills have been done with single effect solar still. To achieve the effect 
of heat storage on solar still performance, paraffin wax was used as a latent 

heat storage and solar pond was used as a sensible heat storage. The basin 

type single effect solar still having float wicks and paraffin wax in the basin 
water is referred as modified still with paraffin wax.While, the basin type 

single effect solar still having float wicks in the basin water and coupled with 

solar pond is referred as modified still with solar pond.Both these 

configurations of solar stills have been compared individually with single 
effect basin type still which is referred as conventional still. The overall 

distillate was found to be 3.3 kg/m2 during the day and 3.9 kg/m2 during the 

night for conventional and modified still with paraffin wax respectively. The 
overall and night gain in productivity of modified still with paraffin wax was 

found to 18.5% and 37.2 % respectively over the conventional still. While, 

the day and overall cumulative efficiency of modified still was more than 
that of conventional still by 6.36 % and 19.2 % respectively. The modified 

still with solar pond yield 5.12 kg/m2 that is 1.78 kg/m2 more distillate for 

24 hours than conventional still. In day and night,  gain in productivity of 

modified still with solar pond is found to be 52.52% and 55.25% over the 
conventional still. The night and overall cumulative efficiency of modified 

still with solar pond is achieved to be 12.54% and 32.71% over conventional 

still. It has been observed that overall gain in cumulative efficiency 
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was found to be more in solar still having float wicks and solar pond as 

compared to still having float wicks and paraffin wax. 

 
Key words: Solar Still, Paraffin wax, Solar pond, Float wicks, Heat 

Storage. 
 

1 Introduction 
 

Clean water is essential for mankind. Society is facing a major threat to 

fulfill it‘s water requirements due to limited access to consumable water. 
Water is utilized for both domestic and industrial purposes such as drinking, 

cooking and in the industries such as chemical sectors. Water covers 97% of 

the surface of the earth and 2% of this is available in frozen form. The water 

for the use of mankind is even less than 1%. Solar stills can obtain fresh 
water from saline water also. Solar stills can be used around countries which 

are facing shortage of drinking water, urban areas which cannot afford 

purifiers for them and the areas near to equator can utilize the solar energy to 
purify water. Solar stills consist of a container in which impure/saline water 

is filled. The bottom of the container is lined with a black absorber 

membrane to consume large solar radiation. The container top is enclosed 
with the glass cover. The sloping cover for solar still is chosen in such a 

manner that it should have the property of transmitting maximum sun 

radiation falling on it to black absorber lining. It is still designed in such a 

way that the maximum amount of sunlight is trapped within still. The 
insulation is provided to reduce the losses. Still consist of another container 

to collect the fresh water dripping from glass slope cover.  

The main challenge is to enhance the distillate output of solar still and 
several efforts have been made by various researchers [1]–[4]. Singh et al. 

[5] suggested that with ‗V‘ type bottom of the basin using the corrugated 

materials increased the performance of solar still. Kumar et al. [6] have 
worked on active solar stills and found that when angle of tilt of cover is 

same as the latitude of a place, efficiency is the maximum. It has been also 

found that the natural circulation mode of double slope still gives higher 

yield than passive still. Nafey et al. [7] showed the result on varying rubber 
thickness on distillate output of still was by using three pieces of rubber. It 

was observed that yield of the still enhanced as the amount of water in basin 

was increased at same rubber thickness. The distillate output went up by 20% 
at salt concentration of 60 l/m² with rubber thickness of 10mm. It was 

revealed that the gravels with size 20-30 mm increased the productivity of 

the still by 19% for 20 l of saline water in 1m2 area of the basin. Sharshir et 

al. [8] analysed the performance of tubular stills, corrugated materials and 
wicks were used to increase the basin heat absorption.  
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Arabi et al. [9] made a comparative study between modified and 
conventional still of same dimensions under identical atmospheric 

conditions. It was recorded that the performance of still was strongly 

impacted by the extent of insulation used. The results indicated that the 
double glass still performed better than the conventional still when heat 

losses from basin exceeded beyond a certain limit.  

Murugavel et al. [10] studied the solar still with porous materials namely 

quartzite rocks and washed stones. The topmost value of hourly distillate 
output was obtained when cotton cloth was put at base of the still in 

comparison to other materials. Abdallah et al. [11] incorporated 

modifications in the design of the still such as applying mirrors on the inner 
side walls, using stepped basin in place of simple basin, integration of 

stepped basin with solar tracking mechanism. The output of solar still with 

stepped basin was better than conventional basin type still with and without 
mirrors because of increased surface area and reduced air volume due to 

which trapped air was heated faster. Sebaii et al. [12] found that the day 

distillate yield and efficiency of still increased with increase in basin liner 

thickness up to value of 0.003 m while daily productivity increased until 
value of basin liner thickness of 0.001 m, after which daily productivity 

becomes independent of thickness of basin liner. The results of the 

simulation showed that the phase changing material worked as source of heat 
for basin water after sunset. The daylight yield was found to reduce to small 

extent with increasing mass of phase changing material but nocturnal and 

daily distillate outputs were increased appreciably.  

Sahota and Tiwari [13] studied the effect of nano particles on the 
performance of  passive solar stills. It was also concluded that the thermal 

energy was found to be higher for Al2O3 than TiO2 and CuO nanoparticles. 

Rahmani and Boutriaa [14] did analytical and experimental work on a 
passive solar still by integrating external condenser and daily maximum 

output was observed to be 2.71 kg/m2 for winters and 4.73 kg/m2 for 

summers. Manokar et al.[15] worked on active & passive mode of inclined 
solar still. The quantity of distillate produced from active as output was 

44.63% more than the passive mode. Nayi and Modi [16] performed the 

study on the pyramidal stills and recorded that the pyramidal shaped was 

more productive than the conventional solar stills. Hassan [17] done a 
comparative study by using parabolic collectors in the different types of stills 

and analysed energy, exergy and yield.  

Kabeel et al. [18] worked for improving the yield of tubular still with its 
economic analysis. Mevada et al.[19] showed the impact of using fins on the 

yield of solar stills. Panchal et al. [20] worked on numerous methods for 

enhancing the quantity of distilled water in tubular solar stills. Yousef and 
Hassan [21] provided with a cumulative study of different passive stills via 

exergo-economic, exergo-environmental, exergo-enviroeconomic 

approaches.  
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Gad et. al [22] did work on a conical solar still using thermal analysis. 

Pal et. al [23] found that double slope still with multiple wick performed 

better than single wick. Amarloo and Shafii [24] done  analysis on the use of 

phase changing materials and radiative cooling. Alwan et. al [25] done a 
study on a still which was incorporated with a solar collector and the 

productivity was observed to be 5.5 L/m2. Katekar and Deshmukh [26] 

studied the recent advancements in the still designs for both household and 
industrial purposes. Single basin still was incorporated with Fresnel lens and 

hence an increase in productivity was observed to be 638%. Agrawal and 

Rana [27] studied the single basin single slope solar stills which were 
incorporated using V shaped floating wicks and maximum yield was 6.20 

kg/m2. 

In the present work, a single slope basin type solar still has been 

modified by placing multiple float wicks in the basin of the still to enhance 
day distillate, paraffin wax as latent heat storage and solar pond as sensible 

heat storage to enhance night distillate. It has been found in the literature that 

the evaporation rate of the basin water has increased through the use of wicks 
in the basin and the night distillate has increased through the use of heat 

storage mediums. Various researchers have used floating wicks, solar pond 

and paraffin wax to enhance the performance of solar still but to the best 

knowledge of authors there is no work reported on comparison of latent and 
sensible heat storage along with float wicks. Hence effort has been made to 

find the effect of float wicks, paraffin wax and solar pond on the 

performance of solar still under similar operating conditions. 
 

2 Experimental Setup and Procedure 
 

In this experimental work there were two solar stills fabricated having 

same geometrical dimensions and size. The conventional still has been 

modified for two different cases, for case-1 the still was coupled with 
paraffin wax and float wicks in the basin, and for case-2 the solar pond was 

coupled in the basin of the still along with float wicks as shown in Fig. 1. A 

basin tray was made with stainless steel with the basin area of 1.2 m². It was 
used to support the glass cover at an angle of 30°. Evaporating area of basin 

was made 1.5m x 0.77m. It was the same for both the solar stills. A solar 

pond is an auxiliary system which is used to store water so that it can supply 

the water to solar still when needed for obtaining nocturnal distillate. The 
solar pond used in this study was trapezoidal in shape. Saline water was 

circulated through the pond to absorb the available heat energy in the pond 

and then this preheated water was supplied to the solar still for evaporation 
during night. Paraffin wax was used to store latent heat energy inside the 

basin and was placed adjacent to each other. The paraffin wax was filled with 

cuboid shaped tubes so that paraffin wax does not mix with water.  
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For absorbing the supreme amount of solar radiations, paraffin wax tubes 
were painted black. Wicks were placed inside the basin adjacent to the 

paraffin wax having width of 25mm and covered 75% of the area of the 

basin. Thereby, they enhanced the rate of evaporation which further raised 
the amount of distillate produced.  

 
Figure 1: Pictorial view of modified still with solar pond 

 

The experiments were conducted on the stills at Thapar Institute of 

Engineering and Technology, Patiala, India. The basin of both stills was 
filled up to 3 cm of depth before the start of experiment at 9:00 am. The day 

distillate was measured from 9:00 am to 5:00 pm on hourly basis, while night 

distillate was measured cumulatively from 5:00 pm -9:00 am next day. The 
solar pond receives solar radiation throughout the day and store energy it. 

During night the heat is transferred to basin water of modified still through 

pump and heat exchanger at specific interval mentioned in section 3.  Kipp 

and Zonen pyranometer along with LOGBOX SD data logger was used to 
measure the solar intensity at an interval of 10 minutes. The wind velocity 

was measured using hand held anemometer. T-type thermocouple was used 

to measure temperature of various components of solar still. 
 

3   Results and Discussion  
 

The experimental work was performed on both the stills for several days 

during month of Feb-March 2020. Before the start of actual experiments, the 

calibration of both the still was done for continuously three days. Once the 
calibration was completed, the comparative study of both stills was done to 

find the effect of paraffin wax and float wicks on the performance of one still 

which is referred as case-1 and the effect of float wicks and solar pond on the 
other still‘s performance as referred to case-2.  
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3.1 Solar Still with Float Wick and Paraffin wax (Case-1) 
 

 
Figure 2: Variation of weather parameters 

 

The variation of solar intensity, ambient temperature and wind velocity is 

shown in Fig. 2. It has been found that velocity varies from 0.53 to 4.75 m/s 
throughout the day. The solar intensity was varied from 285 W/m2 to 1089 

W/m2 and peak was achieved at 12:10 pm. It can be concluded from the 

trend of solar intensity that it was a clear day and solar intensity start 
decreasing after achieving the peak as the day progress during later part of 

the day. The ambient temperature varied from 31 oC to 42 oC during the day. 

The comparison of different components of conventional and modified 

still with paraffin wax is shown in Fig. 3. At the beginning of the day, the 
temperature of the water in the basin still with paraffin wax remains below 

the normal temperature of the basin water of conventional still. As, in the 

morning the paraffin wax retains energy in it and in the afternoon, it begins 
to expel its energy from the basin water. The temperature of the paraffin wax 

decreased significantly after peak hours of solar intensity and was below the 

basin water due to the more inertia of the paraffin wax over the basin water 

until 12:00 pm. After 12:00 pm, the temperature of the paraffin wax remains 
stable for a while and then transmits the latent heat to the water in the basin, 

leading to an increase in the water temperature of the basin. The temperature 

of the water in the basin falls below the temperature of the glass due to the 
heat stored inside the paraffin wax but begins to rise as the day progresses as 

the paraffin wax begins to transfer heat to the basin water. But the 

temperature of the wick remains above basin water of conventional still due 
to low thermal inertia and leads to distillate production at the beginning of 

the day. 
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Figure 3: Comparison of component temperature of conventional and modified still 

with paraffin wax 

 
Figure 4: Comparison of distillate output of conventional and modified still with 

paraffin wax 

Fig. 4 shows the variation of cumulative distillate for both the stills. 
During the early morning, the quantity of distillates formed was less due to 

low solar intensity. As the solar intensity increased the amount distillate 

produced in both still increased till 2 pm. The amount of distillate production 

start decreasing in both stills from 2 to 5 pm, due to decrease in solar 
intensity. The amount of distillate produced in both stills is almost same till 

12 pm. The difference in day productivity of both stills is not much because 

during day time paraffin wax stores energy in it and release during night. The 
overall gain in productivity of modified still was 18.5% over the 

conventional still. The night productivity of modified still with paraffin wax 

was 37.2 % more than that of the conventional still. 
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Fig. 5 shows the comparison of the cumulative efficiency of modified 

and conventional still. It has been observed that the modified still have higher 

cumulative distillate as compared to conventional still. There is gradual 

increase in the cumulative efficiency of modified and conventional still along 
with increase of solar intensity. The day and overall cumulative efficiency of 

modified still was more than that of conventional still by 6.36 % and 19.2 % 

respectively. 

 
Figure 5: Comparison of cumulative efficiency of conventional and modified still 

with paraffin wax 

        

Fig. 6 shows the comparison of distillates produced by conventional and 

modified still with paraffin wax. The distillate obtained during day was 
found to be 2.3 kg/m2 for the conventional still and 2.6 kg/m2 for the 

modified still with paraffin wax. It is because of float wicks having low 

thermal inertia in the basin of modified still with paraffin wax. Also, the 

nocturnal distillate was recorded to be 0.96 kg/m2 for conventional still and 
1.3 kg/m2 modified still with paraffin wax. The overall distillate was found 

to be 3.3 kg/m2 during the day and 3.9 kg/m2 during the night for 

conventional and modified still respectively. 

 
Figure 6: Comparison of distillates produced by conventional and modified still with 

paraffin wax 
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3.2 Solar Still with Float Wick and Solar Pond (Case-2) 
 

The comparison of different components of conventional and modified 

still with pond is shown in Fig. 3. At the beginning of the day, the 
temperature of the modified still basin water remains below the basin 

temperature of conventional still.  As, in the early morning the floating wicks 

block the sun's energy from reaching the water in the basin and heat is used 

to evaporate the water on the surface of the wick. But due to the low thermal 
inertia of the wicks, the temperature of the wicks remains above the normal 

water temperature of the still. Moreover, as the day progress the temperature 

of basin water of modified start rising and stays above during evening and 
night. The basin water temperature falls below the glass temperature due to 

heat stored inside the basin water but it starts rising as the day progress when 

basin water started transferring heat to basin water. The temperature of solar 
pond remains above the basin water temperature of still and during night heat 

is supplied to basin water of modified still using pump and heat exchanger 

inside the pond. The interval and time of heat transfer from solar pond was 

chosen as per preliminary investigations. When the heat is transferred at 9:00 
pm and 3:00 am from solar pond to basin water of modified still, the 

temperature of basin water, float wicks and glass raised. As a result, the 

temperature of the modified solar still with solar pond remains above the 
basin temperature of the conventional still. 

 

  
Figure 7: Comparison of component temperature of conventional and modified still 

with solar pond 
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Figure 8: Comparison of distillate output of conventional and modified still with 

solar pond 

The variation of cumulative distillate with respect to time of particular 

day for both stills is shown in Fig. 8. Since morning, the distillate produced 

in modified still with solar pond was more than conventional still due to float 
wicks. The rate of evaporation of modified still was more due to higher 

temperature of float wicks as compare to basin water of conventional still. It 

has been observed that night distillate output modified still with solar pond 
over the conventional still was 55.25%. The overall gain in productivity of 

modified still was 53.52% over the conventional still.  

The cumulative efficiency of both stills is compared and shown in Fig. 9. 

It has been observed that the modified still have higher cumulative distillate 
as compared to conventional still. There is gradual increase in the cumulative 

efficiency of both stills and solar intensity also increase. The night and 

overall cumulative efficiency of modified still is greater than conventional 
still by 12.54% and 32.71% correspondingly. 

 
Figure 9: Comparison of cumulative efficiency of conventional and modified still 

with solar pond 
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A comparison of day, night and overall distillate produced by both stills 

is shown in Fig. 10. The overall distillate of modified still with solar pond 

was found to be higher than conventional still. It has been observed that 

during day the productivity of modified still with solar pond was 3.22 kg/m2, 
while the conventional still productivity was only 2.11 kg/m2. Due to 

coupling of solar pond during night, the night productivity of still was found 

to be 1.90 kg/m2, while 1.23 kg/m2 was obtained in conventional still during 
night. Hence the modified still produce overall 1.78 kg/m2 more distillate as 

compared to conventional still.  

 
Figure 10: Comparison of distillates produced by conventional and modified still 

with pond 

  

4 Conclusions 
 

On the basis of experimental study on Solar still, the effect of adding 

float wicks, paraffin wax and solar pond has been studied and following 
conclusions has been drawn: 

• It has been found that floating wicks contribute to enhance the 

day distillate of solar still. The gain in day cumulative efficiency of solar still 

with float wicks was found to be 20.29% over the conventional still. While 
the gain in day cumulative efficiency of solar with float wicks and paraffin 

was limited to 6.36 % over the conventional still due to heat storage in 

paraffin wax during day time. 
• It has been found that the gain in night productivity with paraffin 

was found to be 12.90% and 12.42% with solar pond over the conventional 

still. 

• The overall gain in cumulative efficiency was found to be more 
in solar still having float wicks and solar pond as compared to still having 

float wicks and paraffin wax. The overall gain in cumulative efficiency of 

modified still with pond is achieved to be 32.71 %, and overall gain in 
cumulative efficiency of modified still with paraffin wax is achieved to be 

19.2% over the conventional still. 
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