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Abstract— In developing countries, the distillation plants 

are widely used for extracting fresh water. The utilization of 

such plants usually leads to a significant rise of consumption of 

power. This encourages employing solar energy in desalination 

for less costly drinkable water.  This humble article aims to 

design and study the performance of a single basin solar still, 

and investigate the effects of design and performance factors 

on the productivity of the still. The parameters location 

climate, season time, water depth has been considered. The 

proposed solar still is modeled via Pro-Engineer software, it 

consisted of a black oiled basin with entry and exit sluts. The 

basin’s sides and base are isolated by glass wool, and placed 

inside an external wooden box for extra protection. The 

external box is covered by a tilted glass cover that has a water 

channel to collect the condensed water. Energy balance has 

been applied to the designed still, so the solar radiation falling 

on the glass cover can be calculated through the clear sky 

model. The mathematical model has been derived, and 

simulated using Microsoft Excel. The results showed the 

possibility of producing approximately five and a half liters of 

distilled water a day. The data evidenced that the still's 

productivity depended on the location climate. The simulation 

verified that the productivity advances with the drop of water 

depth. 

Keywords — Solar Energy, Solar Still, Single Basin Still, 

Location Climate, Depth of Water, Fresh Water. 

I. INTRODUCTION  

Distillation works by the discharge of particles from the 
surface of water to the ambient. However a big amount of 
energy is needed to have the water vapor. Boiling the saline 
water to bring its temperature to a hundred degrees can be 
replaced by a solar distillation. Evaporating the water, then 
condenses it, can purify it better than boiling . The 
procedures of solar distillation are described as follows.  
Firstly, the sun rays penetrate the glass cover to heat the 
saline water. Secondly, the water starts to vaporize and it will 
rise to the colder surface (glass cover). Thirdly, the 
evaporated water will condense underneath the glass cover. 
Lastly, the distilled water will run down the cover to the 
water channel to be tank stored. Fig. 1 shows the processes 
of solar distillation. There are several different designs of 
solar still; the single basin solar still was selected for this 
work for the following reasons: it has simplicity in designing 
and manufacturing if compared to other types of solar stills. 
Also, the cost of manufacturing it is the lowest, and the side 
of the still can be controlled as needed, so it is made in small 
units, handled by economical machines, and not requiring 
skilled people. 

 

 

 

 

 

 

 

 

The efficiency of still is somehow better if compared to the 
others. The solar energy can be used directly or by solar 
collector in this type of solar still. It’s possible to use the 
energy from other mechanical system and employ it in this 
still. It is suitable for the developing countries[1]. 

 Efficiency Fundamentals of Designing a Basin Solar 
Still 

 Increasing the productivity of the still is the main 
concern of engineering designers. Producing distilled water 
from the solar still depends on many factors, some of the 
essential factors are as follows: weather factors such as solar 
irradiation, speed of wind, humidity, sky conditions, and 
others, design factors for example physical properties of the 
materials that are used to manufacture the still, cover’s 
inclination, the space between the basin water and the cover, 
the thermal insulation, tightness of sealing, and the cover 
properties of emissivity and transmissivity of the still, and  
operational factors for instance water depth in the basin, 
initial temperature, and saliently percentage [2]. 

 The Thermal Efficiency of the Basin Still 

 The most inflectional factor of increasing the 
productivity and of efficiency of the still is the intensity of 
solar radiation falling on the cover. The cover should be 
tilted with an angle no smaller than 10 degrees to make sure 
the condensed water doesn’t fall back down the basin. Based 
on previous studies, the inclination of the cover should be 
equal to the latitude of the city to receive most of the best 
solar irradiation. Eefficiency of the solar still is the total 
amount of evaporation heat divided by the total solar 
radiation. Hence, the still efficiency increases with the 
increase in evaporation heat transfer inside the still.  In order 
to increase the evaporation inside the still, the depth of the 
saline water in the basin should be kept at minimum, it has 
been experimentally proved that the best range of the water 
depth in the basin should be ranged from 5 to 2 cm to obtain 
the largest amount of the distilled water. The thermal 

 
Fig. 1. Solar distillation process 
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efficiency should possibly reach 100%, if the loss of 
convection, conduction, radiation heat transfer from the still 
to the atmosphere is reduced to zero.  Using silicon to attach 
the cover to the external box of the still can reduce the heat 
loss. The loss by conduction heat transfer from the base and 
sides can be reduced by using a great insulator for example 
(flexible plastic with a thickness of (2.5 to3 cm) [3]. 

 Selecting the Material for the Transparent 

The transparent cover could be made of glass, plastic, or 
any transparent materials, but it is  preferred to select glass 
for the solar still covers for the reasons stated  in table. 1 [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Productivity of the Solar Still Variation in Four 
Seasons of the Year 

Often,  solar stills would give a higher amount of distilled 
water in summer than it does in winter in most regions of the 
world, also the need of drinkable water changes from 
summer to winter, people need as twice the amount of water 
in summer as they need in winter. There are always problems 
with places in the out region of the tropics , there is a big 
change in sunlight variation in the four seasons , especially 
the locations at high latitudes, the idea of the solar basin still 
will not be appropriate. To solve the problem in this case , 
the type of inclined tray still should be used instead. Other 
important climate factors should be considered as rain, 
humidity, wind, when comparing the four seasons (spring, 
fall, summer, and winter) in different locations, but the 
biggest effect on the productivity of the still is the daytime 
long in order to collect a greater amount of solar irradiation 
[1]. 

  Literature Survey  

There have been numerous pervious studying papers that 
provided   excellent contributions to the field of solar energy 
desalination. Wong and Chow [4] reviewed serval solar 
radiation models for predicting the average daily and hourly 
global radiation. They concluded that solar radiation models 
are desirable for designing solar-energy systems. Ali, Joseph, 
Karthikeyan, and Yuvaraj [5] have experimentally studied a 

solar still integrated to the solar-pond. The solar-pond was 
used to pre-heat the inlet water supplied to solar still. They 
concluded that 50g/Kg salinity was the optimal value that 
should be maintained at the bottom layer of the solar-pond. 
Jadhav, Chavan, and Patil [6] fabricated and tested four 
different capacities of solar water stills, and analyzed the 
distilled water production rate performance (PRP) . The 
highest rate of PRP was recorded between 11.30 am and 
12.30 noon in all the solar stills studied. Gawande, Bhuyar, 
and Deshmukh [7] studied the effect of depth of water on the 
performance of a stepped type solar still. The experimental 
results showed that as depth of water rises, the distillate yield 
produced per unit area of absorber surface drops. 
Nilamkumar Patel and others [8] have studied the effect of 
various parameters on different types of solar still .They 
summarized that the  ascending order of efficiency of solar 
still is (Conventional Solar still <Concave Solar still 
<Pyramid Solar still).  Jamil, and Akhtar [9] have published 
a great review of developments in solar distillation practices 
using solar stills .A brief outline of heat transfer and 
theoretical formulation of a conventional solar still was 
included in their review. They recommended that a suitable 
criterion must be developed to design and analyze the 
performance of solar stills in passive as well as active modes.  

In this work, a single basin solar still was designed and 
its performance was investigated by a variation of design and 
performance factors. The parameters (location climate, 
season time, water depth) were considered for this study. The 
proposed solar still was modeled with the aid of Pro-
Engineer software. Then, Energy balance was applied on the 
designed still, so the solar radiation falling on the glass cover 
was calculated using the clear sky model (ASHRAE model). 
The heat transfer by convection and radiation, evaporation 
between the evaporation surface (saline water) and 
condensation surface (glass cover), and the heat loss by 
conduction from the basin’s base and basin's sides were 
determined.  Also, energy balance has been applied to the 
glass cover of the designed still to calculate the heat loss by 
convection and radiation from the glass cover to the 
atmosphere, and to find the glass‘s temperature. A 
mathematical model was carried out and simulated via 
Microsoft Excel. Brief conclusions will be presented at the     
end of this paper based on a discussion of the results 
obtained from the mathematical model.  

 

II. MODELLING VIA PRO/ENGINEER SOFTWARE 

 

        Pro/E is a suite of programs that are used in the design, 

analysis, and manufacturing of a virtually unlimited range of 

products. Its field of application is generally mechanical 

engineering design, and recent additions to the program are 

targets at ship building and structural steel framework as well 

[10]. In this current paper, a computer model creation using 

the powerful design tool (Pro/Engineer) is to be carried out 
for single basin solar water still. The designed solar still 

consisted of the following parts: 

 

 Basin  

  It is a bowl-shaped cuboid open from the top, made 
from galvanized iron with thickness of (2 mm) and 

Table 1.  Comparison between glass and plastic covers [2] 

Properties Glass Covers Plastic Covers 

The transitivity to 

the solar radiation 

High Less than glass cover 

Absorptivity to 

thermal radiation. 

 

Very low Normal (disadvantage) 

Resistance to 

scratching with great 

stability for a long 

period of time 

High Yes, but less than glass 

cover 

Susceptibility to 

wetting 

High No, needs some 

treatments 

(disadvantage) 

Availability in the 

market 

internationally 

Yes Yes 

Higher weight 

 

Somehow 

(disadvantage) 

Lighter than glass 

Installation 

 

Need special 

skills 

Ease of installation 

Damaging due to the 

mechanical effects 

Can easily get 

damaged 

(Disadvantage) 

Can get damaged, but 

as easy as the glass 

cover. 
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dimensions of (1000 * 1000 * 100 mm), the galvanized steel 
resists corrosion. The base of the sink has two holes; one of 
them is used for emptying and cleaning the basin from the 
salt water when needed, while using the second to control the 
water level inside the basin. The basin is painted in black to 
increase the efficiency of absorption of solar radiation. The 
base and sides of the still basin is isolated with a thermal 
insulation material (glass wool) with thickness of (40 mm).  

 External Box  

The box is made of wood with a thickness of (20 mm); it 
is designed to contain the still basin and holds the glass cover 
of the still, titled at an angle of (28 degrees). This box 
reduces the loss of heat to outside the still. A plastic curved 
tube with a diameter of (15 mm) is attached at the bottom 
edge of the box, with (1000 mm) along to collect the distilled 
water from the inner surface of the glass cover. The inner 
and outer sides of the box are protected by oily paint from 
different climate and operational conditions. 

 Transparent Top Cover  

Based on the compression illustrated in table.1, the lid of 
the distiller is made of glass material with thinness of (3 
mm). The glass is fixed tightly on the top of the distiller box 
using silicon glue and inclination with an angle of 28 degrees 
as the latitude of the city of Tallahassee, Florida (The 
location is altered to theoretically study the effect of the 
location factor on the performance of the still.  The angle is 
chosen to get the best intensity of the solar radiation incident 
on the glass cover.  

Fig. 2 shows the solar system that has been considered in 
this piece of work. The saline water is kept at a specific 
temperature in a water tank; a saline water tank should be 
placed at a higher elevation than the still’s elevation, so the 
saline water is supplied to the basin by the difference in 
elevations.  After the water is being heated by the sun rays, it 
evaporates and condenses at the inner surface of the glass 
cover. The distilled water drifts toward the lower end of the 
glass cover and it is collected in the channel, then it flows 
through the pipes to be stored in a distilled water tank. 

 

 

 

 

 

 

 

 

 

 

III. MATHEMATICAL MODELING  

The thermal performance analysis of the solar still is 
illustrated in Fig. 3 , and  energy balance for the still can be 
written as  Equation (1) :  

 

 

 

 

 

 

 

 

 

 

 

The energy balance of the still 's glass cover is expressed 
as Equation (2) :   

 

 

        Table. 2. Defines the symbols used in the energy 
balance equations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      The hourly amount of distilled water DH is determined 
from equation (3), while equation (4) expresses the 
efficiency of the solar still. It is calculated based on the 
amount of distilled water per the unit surface area of the 
basin each day [5,11,12]. 

 

 

 

 

 

 

 
Fig. 2. The designed solar still 

 

 
Fig. 3. Energy balance of the solar still 

 

 

Table. 2.  Quantities of the energy balance equations 

Symbol Definition Unit 

tI  
Total solar radiation falling on the glass 

cover. 

W/m² 

gaq  
Total heat loss by conviction and 

radiation from the glass to the 

atmosphere. 

Watt 

bq  
Conduction heat loss from the basin to 

the atmosphere. 

Watt 

g , w  

Absorptivity for the Glass and water. - 

g  

Transmission factor for the glass - 

M  The amount of the water in the basin kg 

pC  
Specific heat of water J/kg.K0 

wT  
Temperature of the basin water C° 

t  Time hour 

rq  
The rate of radiation heat transfer from 

water surface to the glass cover 
W 

cq  
The rate of convection heat transfer from 

water surface to the glass cover 
W 

eq  
The rate of evaporation heat transfer 

from water surface to the glass cover 
W 

 

 



ICTS24632019-MI2038 

1165 

 

 

Where:  Lw is the latent evaporation heat of the water in J/kg. 

IV. RESULTS AND DISCUSSIONS  

 

        The previous mathematical relations are coded into 
Microsoft Excel to be solved and simulated. Table.3 shows 
the calculated solar times for both locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The simulation of this solar still is carried under   different 
cases as follows: 

Case1: Varying location(Tallahassee, Misurata ), and 
season (July'21), water wepeth (40 mm) are Fixed: 

 Comparing the solar radiation variation with time in 
both cities  

      Fig. 4 is shown that  solar irradiation varies with time in a 
sine wave relation; the maximum solar irradiation  occurs  
around noon and reaches (1000 W/m2 ) . 

 

 

 

 

 

 

 

 

 

 Comparing the outcomes of the solar still in both 
cities 

      Fig.5 is shown that the amount of distilled water in 
Misurata is better than it is in Tallahassee. Thus, the start and 
end times of work duration of the still in Tallahassee should 

be changed according to the sunrise and sunset times in the 
city. If (40 Kg) of saline water added to the basin, the still 
produces (5.3 kg) of purified water per eleven hours a day, in 
Misurata, and (5 kg) of distilled water in Tallahassee.  

 

 

 

 

 

 

 

 

 

Case2: Varying water depeth (40 mm , 20 mm), location 
( Misurata ), and season (July'21), are Fixed: 

 

 The productivity variation of solar still with  depth of 
water 

       In fig. 6 the depth of water reduced from (40 mm to 20 
mm), while the amount of the distilled water is increased 
from (5.3 kg) to (5.8 kg). 

 

 

 

 

 

 

 

 

Case3: Varying season (July'21, January'21), location ( 
Misurata ), and water depeth (20 mm) are Fixed: 

 Comparing the evaporation heat transfer variation 
with time in both seasons (winter and summer) 

      Fig.7 shows that the highest evaporation heat in summer 
has reached  (533.81 W) and occurred at (1pm),  while the 
highest glass temperature in winter reached (524.52W) and 
occurred at the same time (1pm),   when the depth of water 
was (20 mm) in Misurata. 

 

 

 

 

 

 

 

 

 
Fig. 4. Solar Radiation variation with time in both cities (Case 1) 

 
Fig. 5. Distilled water variation with Location (Case 1) 

 
Fig. 6. Distilled water variation with water depth (Case 2) 

 

 
Fig. 7. Evaporation heat transfer variation with time in both 

seasons (Case 3) 

 

Table. 3.  Calculated solar times for both cities  
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 Comparing the  the variation of outcomes of the solar 
still with  time in both seasons  

      Fig. 8 shows the hourly productivity rate of the still 
variation with time in both seasons. The results show that the 
optimized hour of productivity is from (12 to 1 pm), and the 
productivity rate of the still reached the maximum amount at 
(0.83kg/hr) in summer, while and it is about (0.81kg/hr )  at  
(2 pm) in winter. As the time season changed from summer 
to winter, the amount of the distilled water is shrunk from 
(5.8 kg) to (4.9kg). So the productivity of the solar still is 
much higher in summer than it is in winter, due to the solar 
irradiations during the day.  

 

 

 

 

 

 

 

 

 

 

 

 The efficiency of the still under various 
conditions 

  The first top efficiency of the solar still is found to be ( 
55% ) for the still with water depth of (20 mm) on (July 21) 
in Misurata. The efficiencies of the still under different 
conditions are calculated from equation (4) and shown in 
fig.9.  

 

 

 

 

 

 

 

 

 

 

 

 

  From fig.10, the greatest productivity of the solar still 
extended to (5.85 kg/day) for the still with water depth of 
(20mm) on (July 21) in Misurata. The daily productivities of 
the still under different conditions are calculated from 
equation (3) and shown in fig.10.  

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUTIONS  

 

From this current study, the followings can be concluded: 
 

  The solar single basin still is not complicated to be 
designed and manufactured with simple and economy 
technologies. 

  There is a possibility of designing and 
manufacturing the still under the conditions of 
Misurata and Tallahassee.   

  The designed solar still produces about (5.85 litters) 
of distilled water every eleven hours with an 
efficiency of (55%) in (July 21), (4.93 litters) and 
efficiency of (51%) in (January21) in Misurata. Also, 
it produces about (4.98) liters of distilled water every 
eleven hours with an efficiency of (45%) in (July21) 
in Tallahassee.  

  The production rate of the designed solar still 
growths with the increase of the evaporation heat 
transfer from the surface of water to the glass. 

  The productivity of the still declines with the rise of 
the water depth in the basin.  

 The heat that yielded from the evaporation between 
the water surface and glass cover represents the 
biggest part of the heat transfer process inside the 
still compared with the convection and radiation heat 
transfer.  

 Based on the results of this investigation, it is 
recommended that the water depth inside the 
proposed solar still’s basin should be kept at level of 
(20 mm). 

 
Fig. 8. Distilled water variation with time in both seasons (Case 3) 

 

 
Fig. 9. The daily efficiency of the still under various conditions  

 
Fig. 10. The daily productivity of the still under various 

conditions  
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