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Abstract--The current study describes the desalination of sea water using solar energy with particular focus on the design 

and fabrication aspects for single slope solar still. The purpose of this study was to present a novel, economically feasible 

methodology along with the equipment to overcome the water shortage particularly in the remote areas along the coastal 

belt in Pakistan. In order to achieve these objectives, a laboratory scale solar still was fabricated made of galvanized iron 

having basin area of 5490 cm2 (length of 90 cm and width of 61 cm), front height 15 cm and back height 32 cm. The Inclined 

angle was kept at 15o. The experiments were conducted during typical winter days. Results showed that when the highest 

ambient temperature was 29.9 °C, the maximum value of the average solar intensity was 1,080 W/m2. A remarkable 

decrease in terms of total suspended solids (TSS), total dissolved solids (TDS), thermal conductivity, hardness, turbidity, 

and pH was observed. The value of TDS decreased from 29,100 mg/L to 385 mg/L, TSS from 0.07 g/100mL to 0.00086 g/mL, 

thermal conductivity from 45,500 μs to 595μs, hardness 133 meq/L to 2.7 meq/L, turbidity from 29.3 NTU to 19.3 NTU, and 

pH from 9.36 to 6.22, respectively. Furthermore, temperature profile against the intensity was drawn to identify the peak 

efficient hours with highest heat intensity. The suggested technique cannot only give a solution for the domestic level use 

rather it can be utilized in commercial scale in solar desalination facilities. 
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I. INTRODUCTION 

Drinking water treatment is one of the 

burning issues in all over the world generally and in 

developing countries particularly. Due to economic 

issues in developing countries, using alternative 

energy to get fresh drinking water is of keen interest. 

Almost 97.5% of the world water resources are salt 

water in the form of oceans and seas. Out of the 

remaining, 2.5% of fresh water, 68.9% is in the form 

of glaciers and 30.8% as groundwater. Only 0.3% is 

accessible to human beings for direct use [1]. The use 

of water is going to increase every year due to increase 

in population, change in lifestyle and agricultural & 

industrial activities [2]. Water scarcity in Pakistan is 

rapidly growing. Per capita, water availability has 

sharply declined from 5,600 m3 in 1947 to around 

1,100 m3 for the current population of approximately 

220 million. This situation will become worse with the 

fast-growing population and urbanization. Based on 

current trends, it is likely that per capita water 

availability will decline to around 800 m3 and 6% 

increase in demand will be observed by 2025, making 

Pakistan a water scarce country [3]. Pakistan coastal 

region is mostly undeveloped and has water scarcity 

up to an emergency level. This problem was 

highlighted by scientists and researchers from time to 

time [4-6], but unfortunately, due to lack of resources 

and unavailability of technology, people of those areas 

are still suffering from such water shortage. Many 

researchers use different resources to overcome the 

burning issue of water shortage including wastewater 

treatment, rain water harvesting, desalination of sea 

water, grey water recycling and many more [7-10]. 

Various techniques have been adopted previously by 

researchers to clean saline water to be used for 

domestic applications particularly in coastal regions. 

Some of the most prominent techniques are membrane 

desalination [11], solar membrane distillation 

desalination [12], Vacuum membrane solar 

desalination [13]. All methods have their own 

importance but the location and availability of 

technology is of key concern which seems to be a 

major problem in these areas. Apart from this, such 

technology needs a big capital which is indeed another 

problem for Government stakeholders.  Considering 

mentioned drawbacks being cost effective with ease of 

operation utilizing solar energy and a well-designed 

solar still can be very effective to overcome this issue 

in these particular regions. Design of a solar still to get 

fresh water can solve water shortage in coastal regions 

[14]. Desalination is one of the growing technologies 

specially in coastal areas and water scarce countries 

[15].  

Current study aims to develop a solar still 

using galvanized iron and the aluminium sheet is used 

to heat up and desalinate the sea water [16]. The water 

samples were taken from the sea near Karachi, 
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Figure 1. Fabrication of material for desalination of sea water 
using direct solar energy 

Pakistan and stored in the big storage tanks. The water 

from storage tank was sent to the solar still. The rise in 

water temperature due to solar energy tends to start 

evaporation; thereby rise to the glass cover and 

condensed on the tilted glass. The condensed water 

was collected in the collecting trough and then sent to 

the collecting tank. The temperature of aluminium 

sheet, glass, and water was noted using the probe 

sensors connected to the digital thermometer fixed in 

a panel after every 30 min interval up to 7 hrs. The 

experiments were repeated in a similar manner for 

three consecutive days. The capacity of the feed tank 

was 25 litres. The maximum temperature of water 

achieved during this experiment was 40.8°C at 1600 

hrs PST. 

II. MATERIALS AND METHODOLOGY 

A. Materials and Instrumentation 

      To fabricate the solar still galvanized iron sheets 

were purchased from local iron sheet supplier present 

in Quetta, Pakistan. Aluminium alloy sheets of food 

grade quality were purchased from Prime Aluminium, 

Lahore, Pakistan. The temperature was measured by 

means of the digital thermometer (CLEGK2 - 

Legionella Temp Kit Integral Timer+ KS01-S Probe) 

connected with K type temperature probes.  Other 

sampling and analysis were conducted using 

instruments such as TDS, Conductivity meter, 

turbidity, hardness, and pH meter were from Mettler 

Toledo present at Faculty of Engineering, Balochistan 

University of Information Technology, Engineering 

and Management science, Quetta, Pakistan. 
B. Methodology  

      Water samples were collected from an industrial 

saline water sample collection point at Hawke’s Bay 

beach near Karachi, Pakistan. Initially, the natural 

properties (TSS, TDS, thermal conductivity, turbidity, 

hardness and pH) of the water sample were calculated 

in order to compare the results after the solar 

treatment. The single slope solar still was fabricated in 

the way to use direct solar energy in order to save 

conventional energy. Solar still used in this study was 

made front height 15 cm and back height 32 cm shown 

in Figure 1. The inclined angle was kept at 15o. The 

solar distiller was made up of a thermally insulated 

basin with all sides locked and has a glass cover 

(Figure 1). The glass cover is normally slanted in order 

to allow vapor condensation over it to drip down along 

a side conduit and then to a trough for collecting pure 

water. Transparent Glass was fixed at the top of the 

still with silicon, having an area of 5760 cm2. The 

basin was made of galvanized iron having basin area 

of 5490 cm2 (length of 90 cm and width of 61 cm). 

Aluminium sheet was placed at the bottom of still 

having an area of 5340 cm2. Styrofoam was used for 

the insulation of still to prevent heat losses. Usually, 

the bottom of the basin is coated with black paint or 

any other suitable coating materials in order to 

increase the absorption rate of sun radiation [17]. To 

check the temperature of the glass, water and 

Aluminium sheet separately, three digital 

thermometers were used. The probes of these 

thermometers were fixed with glass, water, and 

aluminium sheet to calculate the individual 

temperatures. Water inlet point was made at the top 

and collection after desalination treatment was made 

at outlet discharge at the bottom basin. To identify the 

peak heat intensity time and duration the temperature 

profile were made from 1030 to 1640 hrs PST. The 

experiments were conducted for three consecutive 

days during winter to get better results. 

 

 

 
 

 

 

 

 

 

 
 
 
 
 

 

 
III. RESULTS AND DISCUSSIONS 

The temperature of the glass, water, and 

Aluminium sheet was of keen interest and 

calculated values are shown in Table 1 for the first 

day, Table 2 for the second day and in Table 3 for 

the third day of the experiments. A significant 

change was noted in TSS, TDS, thermal 

conductivity, hardness, turbidity and pH of the 

water before and after desalination shown in Table 

4. The water obtained after the desalination process 

was directly recommended for drinking purpose. It 

is recommended to use direct solar energy to get 

the required results by saving conventional energy. 

It was noted that with ambient temperature 35-

55°C, the production will increase by 16-30%. Use 

of reflectors can increase the efficiency of solar 

still. Also, the duration of sunlight is longer in 

summer as compared to the winter season in 

Pakistan to get better and efficient results during 

summer [18]. It was noticed that maximum 

temperature (40.8 oC) of the water during 

desalination was achieved at 1600 hrs PST. This 
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temperature with a little drop was consistent 

between 1530 to 1730 hrs. Therefore, ideally, it is 

suggested to adopt peak hours for sun intensity.  

 

 
Table 1Calculated temperature of Glass, Water, and Aluminium 
Sheet for the 1st day 

S.No. Time TG 

(°C) 

Tw 

(°C) 

TA 

(°C) 

1 10:30 16.5 17.1 35 

2 11:00 17.8 17.9 36.7 

3 11:30 20 20 40.5 

4 12:00 21.3 23.2 43.6 

5 12:30 23.4 25.4 46.4 

6 13:00 22.7 28 49.5 

7 13:30 24.6 30.2 51.9 

8 14:00 22.5 31.9 54 

9 14:30 24.2 33.5 56.5 

10 15:00 25.9 34.4 58.1 

11 15:30 24.5 35 58.3 

12 16:00 23.5 34.9 57.9 

13 16:30 22.7 34.1 57.2 

14 17:00 18.4 32.9 55 

15 17:30 13.9 31 52.4 

 
Table 2. The calculated temperature of Glass, Water and 

Aluminium Sheet for 2nd day  

S.No. Time TG 

(°C) 

Tw 

(°C) 

TA 

(°C) 

1 10:30 15.2 18.9 38.5 

2 11:00 17 18.9 39.6 

3 11:30 19.2 20.4 41.4 

4 12:00 19.8 21.2 43.2 

5 12:30 22.4 23.6 46.6 

6 13:00 24.6 26.6 49.1 

7 13:30 25.2 29 52.1 

8 14:00 28.5 31.3 54.9 

9 14:30 29.2 33.5 57.2 

10 15:00 29.8 35.3 59.4 

11 15:30 29.5 36.4 60.5 

12 16:00 29.9 37.5 62.1 

13 16:30 29.2 37.5 62 

14    17:00 26.2 36.7 61.6 

15    17:30 26.2 36.1 60.2 

 
Table 3. The calculated temperature of Glass, Water and 
Aluminium Sheet for 3rd day 

S.No. Time TG 

(°C) 

Tw 

(°C) TA (°C) 

1 10:30 17.8 19.5 39.2 

2 11:00 22.3 20.3 40.8 

3 11:30 25.7 22.8 43.4 

4 12:00 25.2 24.2 46.4 

5 12:30 27.4 27.1 50.1 

6 13:00 29.5 30.5 52.1 

7 13:30 31.4 33.3 56.1 

8 14:00 30.8 34.9 58.4 

9 14:30 31.6 37.1 62 

10 15:00 33.1 38.4 64 

11 15:30 32.3 39.4 65.5 

12 16:00 32.9 40.3 66 

13 16:30 35.3 40.8 68.8 

   14 17:00 34.1 40.7 66.4 

15 17:30 29.9 40 65.4 

 
Table 4. Properties of water samples before and after the 
desalination process 

Parameters Before 

Process 

After 

Process 

TSS (mg/l) 29100 385 

TDS (g/100ml) 0.04 0.00086 

Thermal 

Conductivity (μs) 45500 595 

Hardness (meq/l) 133 2.7 

Turbidity (NTU) 29.3 19.3 

pH 9.36 6.22 

 

 
 

Figure 2. The temperature of Glass, water and Aluminium sheet 

with respect to time for the 1st day of the experiment 
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Figure 2 shows a quicker increase rate of temperature 

in the aluminium sheet as compare to glass 

temperature. This change is due to the thermal 

conductivity of the material. Aluminium sheet 

exhibits an increased rate of temperature profile to 

retain the temperature of water. From 

 
 

Figure 2,  

Figure 3 and  

Figure 4 it can be observed that an increase in 

temperature is noted from 1 P.M to 4 P.M then slight 

decrease was seen. Small variation in water 

temperature was also recorded, that was perhaps due 

to the delay in convection. 
 

 
 
Figure 3. The temperature of Glass, water and Aluminium sheet 

with respect to time for the 2nd day of the experiment 

 

 
 
Figure 4. The temperature of Glass, water and Aluminium sheet 

with respect to time for the 3rd day of the experiment 
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Figure 5. Comparison of different parameters before and after the 
desalination using single slope solar still 

Figure 5 shows the water quality before and after 

desalination, it can be seen on the graph, a sudden 

decrease in TSS and the thermal conductivities of the 

water sample. The figure indicates the performance of 

a solar plant which not only removes salt contents of 

the water samples it can also minimize other 

associated components. 

IV. CONCLUSIONS 

Solar desalination unit prepared not only 

removes salt but it can de-ionize water too for the 

laboratory purpose or to be used for battery 

applications. Besides desalination applications, this 

solar desalination unit can further be utilized as solar 

a water condenser for humidified air in dual mode. 

Surface area and material type can further be re-

assessed and modified to increase the heating rate of 

the system. It can be helpful for military personals to 

get potable water during their duties in remote areas. 

The ease of operation and inexpensive material of 

manufacture made this solar still a very useful 

technology to be used efficiently in coastal areas for 

domestic water purification. 
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