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Abstract - There is an important need for pure 

water in many developing countries. Often, water 

sources are brackish or contain harmful bacteria 

and therefore cannot be directly used for drinking 

purpose. Only 1% of Earth's water is in a fresh, 

liquid state, and the rest is polluted by toxic 

chemicals and other contaminants. For this 

reason purification of water supplies is extremely 

important. To overcome this problem we use 

solar distillation. Solar distillation is a simple 

method for obtaining pure water. The major 

limitations on the use of this method are low 

productivity per unit installation area, the need 

for large installation areas and variability of the 

energy source.  

 

In our project we are making a new 

design to increase the amount of distilled water 

obtained from solar still method. We are using a 

flat plate collector for initial heating of impure 

water. We also make use of heating coil to 

provide the additional heating. Heating coils are 

powered by solar energy. Condensation takes 

place by passing hot vapours through a cooling 

tank. In this project, the quality of both untreated 

and treated water will be noted. 

 

I.INTRODUCTION SOLAR DISTILLATION 

Fresh water is the essence of life and is 

the most important constituent of the 

environment. Water is a basic requirement for 

domestic, industrial and agriculture purposes. 

Supplying fresh and healthy water is still one of 

the major problems in different parts of the world 

especially in arid remote areas. The combined 

effect of continuous increase in world population, 

together with the increasing industrial and 

agricultural activities all over the world 

contributes to the water contamination. There is 

almost no water left on earth that is safe to drink 

without purification. Only 1% of earth's water is 

in a fresh, liquid state, and rest is polluted by 

toxic chemicals and other contaminants. For this 

reason, purification of water supplies is 

extremely important. Moreover, purification 

systems are easily damaged or compromised by 

disasters and other calamities. This results in a 

very challenging situation for individuals to 

prepare for such circumstances, and keep 

themselves and their families safe from diseases 

and toxic chemicals present in untreated water. 

Everyone wants to find out the solution for above 

problem with the available sources of energy in 

order to achieve pure water. Fortunately there is a 

solution for these problems, a technology that is 

not only capable of removing a very wide variety 

of contaminants in just one step, but also simple, 

cost-effective and environment friendly. 

Solar energy technologies include solar 

heating, solar photovoltaic, solar thermal 

electricity and solar architecture, which can make 

significant contributions for solving some of the 

most acute problems the world now faces.  Solar 

energy is the radiant light and heat from the sun. 

We have always used solar energy since humans 

existed.  

Solar technologies are broadly 

characterized as either passive solar or active 

solar depending on the way they capture, convert 

and distribute solar energy. Active solar 

techniques include the use of photovoltaic panels 

and solar thermal collectors to harness the 
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energy. Passive solar techniques include 

orienting a building to the sun, selecting 

materials with favourable thermal mass or light 

dispersing properties, and designing spaces that 

naturally circulate air. In 2011, the International 

Energy Agency said that the development of 

affordable, inexhaustible and clean solar energy 

technologies will have huge long term benefits. It 

will increase countries energy security through 

reliance on an indigenous, inexhaustible and 

independent resource. It will enhance 

sustainability, reduce pollution and lower the 

costs of mitigating climate change. 

In our project we are new design to 

improve the performance of solar still. 

Traditional solar stills make use of direct sun 

energy to carryout evaporation of the input water. 

In this design we first use direct sunlight and then 

use a heating coil to provide the additional 

heating of the vapours coming out from the tube. 

Condensation takes place by passing water 

through the tubes to a cooling tank. Thus the 

amount of purified water produced increases. 

Our main aim is to increase the amount of 

purified water. In this project, the quality of both 

untreated and treated water will be noted. Other 

objectives are: 

1. To purify water from virtually any source 

2. To obtain relatively inexpensive method 

of water purification 

3. To obtain easy to use method  

4. To provide clean useful drinking water 

without an external energy source  

      This method can be used in industries for 

many industrial processes. It is having laboratory 

use for analytical work. It has application in 

hospitals and dispensaries for sterilization. It is 

used in garages and automobile workshop for 

radiator and battery maintenance. Solar 

distillation is used to produce drinking water and 

to produce pure water for lead acid batteries, 

laboratories, hospitals and in producing 

commercial products such as rose water. It is 

recommended that drinking water has 100 to 

1000 mg/l of salt to maintain electrolyte levels 

and for taste. 

The solar distillation systems are mainly 

classified as passive solar still and active solar 

still. Passive Solar Stills: In a passive still the 

distillation takes place purely by direct sun light. 

The single slope and double slope solar stills are 

the conventional low temperature solar stills. 

They are operating at a temperature below 60ºC. 

The single slope solar still is more versatile and 

efficient than the double slope. Active Solar 

Stills: In an active solar still, an extra thermal 

energy is fed to the water in the basin to create a 

faster rate of evaporation. 

Further the active solar stills are classified as: 

1. High temperature distillation solar stills: hot 

water is fed into the basin from a solar collector 

panel. 

2. Pre-heated water application solar stills: hot 

water is fed into the basin at a constant flow rate. 

3. Nocturnal production solar stills: hot water is 

fed into the basin once in a day. 

 

II. METHODOLOGY 

       At first, we found out different ways to attain 

fresh water. Then we analysed the costs which 

are incurred by different methods. The result of 

the analysis was discussed by our team and brain 

storming sessions were conducted. From these 

data, initial design was articulated. The initial 

design was discussed with our guide, and 

following changes were made in the design based 

on his feedback: 

1. Cost of the entire system was considered and 

decisions were made to access the components 

easily to reduce the cost.  

2. Design was simplified so that the device can 

be used easily. Thus the reliability of system 

increases and the maintenance costs are also 

reduced.  

3. The design was also modified in such a way 

that the efficiency of system increases. 

 

III. PRIMARY DESIGN 

The main components of this project are given 

below  

1. Solar panel 

2. Copper tube 
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3 .Gate valve 

4. Flat plate collector 

5. Battery 

6 .Cooling tank 

7. Heating element 

10 Watt solar panel was selected for our 

project. These 10 Watt Solar Panels are useful 

when we require small power. The 10W panel kit 

doesn't require a charge controller if the battery 

to be used is larger than 70Ah. Copper tubing is 

most often used for the supply of hot and cold tap 

water, and as refrigerant line in heating, 

ventilation and air conditioning systems. Copper 

offers a high level of resistance to corrosion, but 

is becoming very costly. The reason for selecting 

copper tube is that they can withstand a 

temperature of 400ºC. An alternative for copper 

tube is aluminium tube, but the main problem 

associated with aluminium tube is that water 

cannot be used for testing. This is because of the 

formation of oxides on the walls of the tube. 

Specifications: Diameter of tube=10mm, Length 

of tube =14.21m. 

The function of a gate valve is to ensure a 

straight line flow of a liquid where minimal 

restriction is desired.  A battery, which is actually 

an electric cell, is a device that produces 

electricity from a chemical reaction. A battery 

consists of two or more cells connected in series 

or parallel. The specifications of the battery: 

Nominal voltage: 12V, Nominal capacity: 7 Ah. 

Heating Element converts electricity into heat 

energy. Electric current that passes through the 

element encounters resistance, resulting in 

heating of the element. This process is 

independent of the direction of current flow.  In 

this project nichrome was chosen as the heating 

element. Nichrome 80/20 is an ideal material, 

because it has relatively high resistance and 

forms an adherent layer of chromium oxide when 

it is heated for the first time.  

A typical flat-plate collector is a metal 

box with a glass or plastic cover (called glazing) 

on top and a dark-coloured absorber plate on the 

bottom. The sides and bottom of the collector are 

usually insulated to minimize heat loss. Sunlight 

passes through the glass and strikes the absorbing 

surface, which heats up surface. Absorber 

surfaces are commonly painted with selective 

coatings, which absorb and retain heat better than 

ordinary black paint. It was found that for 

maximum annual yield, the optimum collector 

inclination for a flat plate collector is 20º. Glass 

wool or fibre glass insulation is manufactured 

from melted glass spun. It can be either be in the 

form of a flexible mat or fine fibres.  Glass wool 

is used as the insulation material inside the box. 

This is done to prevent the escape of heat which 

is absorbed in. Glass to be used on the surface of 

the box is transparent ordinary glass. Silicon 

paste is used for pasting glass on to the upper 

surface of the walls. The glass entraps the heat 

inside the box and prevents the heat from 

escaping to the surroundings. The cover can be 

either glass or plastic.  

 

 
Fig. 1: Flat plate collector 

Glass is more preferable than plastic 

because plastic degrades in the long term use due 

to ultra violet rays from the sunlight and is more 

difficult for water to condense onto it. 

Specification of mild steel box: 

1. The collector inclination for a mild steel box is 

21º. 

2 .Dimension of box is 1mx0.5m x0.125m 

3. 4mm thick transparent glass is placed on the 

box.  

Cooling tank contains water used for 

condensation of hot vapours coming through the 

copper tubes. It is kept after heating coils. Cold 

water in the tanks absorbs the heat from the hot 

vapours passing through the copper tubes. This 

results in condensation of hot vapours. Copper 

tubes act as cooling coils. Water is passed though 
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one hole on the cooling tank and exits through a 

hole on the opposite end.  Water available for 

cooling is taken from a pipe. 

 
Fig. 2: Primary Layout Working 

Impure water enters the copper tube at the 

inlet of the box. Copper tube is placed inside the 

box and the box acts like a flat plate collector. 

Sun light passes through the glass surface placed 

on top of the box and strikes on the copper tubes 

and it gets heated up. The low temperature 

impure water gets heated and gets converted into 

vapour. At the exit of box a heating coil is 

present which is powered by using the heat from 

the sun which is stored in a battery. Heating coil 

ensures that only vapours passes through copper 

tubes at the exit. The hot vapours are made to 

pass through a cooling tank. Copper tubes inside 

cooling tank act as cooling coils and cold water is 

circulated inside the cooling tank. The hot 

vapours will be condensed to the liquid state by 

absorption of heat by the cold water inside the 

cooling tank. The distilled water is then collected 

in a vessel at the exit of the cooling tank.    

 
Fig. 3: CAD model of primary design 

However this model is not feasible since a 

continuous power source is required to heat the 

heating element. A more powerful solar panel 

was required for continuous charging of the 

battery, so an alternative method was found out.  

IV. FINAL DESIGN 

In order to overcome the problems faced 

by primary design, an alternative solution was 

found out. A parabolic reflector was used to 

concentrate the sun’s rays on to the copper tube 

at the exit of flat plate collector. As it failed to 

charge the battery continuously; heating coil, 

solar panel and battery were removed. 

The main components are given below  

1. Copper tube 

2. Flat plate collector 

3. Cooling tank 

4. Gate valve 

5. Parabolic Reflector  

A parabolic reflector is 

a reflective surface used to collect or 

project energy such as light, sound or radio 

waves. It has the shape of a circular paraboloid, 

i.e., the surface generated by a parabola revolving 

around its axis. The parabolic reflector 

transforms an incoming plane wave traveling 

along the axis into a spherical wave converging 

toward the focus. Conversely, a spherical wave 

generated by a point source placed in the focus is 

reflected into a plane wave propagating as a 

collimated beam along the axis.  

Diameter of the reflector is 48 cm and the focal 

length of reflector is 28 cm. 

 
Fig. 4: Final Layout Working 

A reflector is used to concentrate the sun 

light on to the copper tube at the exit of flat plate 

collector. The temperature of the copper tube at 

the exit of collector rises and as a result the 

impure vapour liquid coming out of the collector 

gets heated to high temperatures. This hot vapour 

is made to pass through a cooling tank. Copper 

tubes acts like cooling coils inside cooling tank. 

The hot vapours will be condensed to the liquid 

state.  
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Fig 5: CAD Model of Final Design 

 

V. RESULTS AND DISCUSSION 

 

The experimental values regarding the 

quality of the water before and after the testing 

are noted and the efficiency of solar still is 

calculated. Temperatures obtained are shown in 

below table. 

 

 

 

Water quality before and after conducting 

the experiment are tested.  It can be noted that pH 

value of tested water increases from 6.7 to 6.9. 

Chloride content, dissolved oxygen and total 

hardness were found to decrease after the 

conduct of the experiment. There were no 

bacteria present in the water which was tested. 

 

VI. EFFICIENCY CALCULATION OF 

SOLAR STILL 

 

 
Qu - heat gained by working fluid in W (J/s) 

m - mass flow rate in kg/s 

 - Specific heat of water = 4.18kJ/kgK 

ΔT – average temperature-atmospheric 

temperature in K 
vAm   

-density of liquid in kg/m
3
  

A-area of cross section of the collecting tank in 

m
2
   

v is the velocity of flow in m/s 

Discharge = volume/time  

34

001.0
Q 

 

    =
51094.2  m

3
/s 

VelocityArea1094.2 5  

 
                   = (3.14 x 0.1

2
 x v)/4 

 v = 3.745 x 10
-3

m/s 
vAm   

     = (1000 x 3.14 x 0.01
2
 x 3.745 x 10

-3
)/4 

     = 2.94 x 10
-4 

kg/s 
TmCQ pu 

 
       = (2.94 x 10

-4 
x 4.18 x 1000 x (63-30))  

       = 40.55W 

Qi=HT Ac(Ԏα)e 

Qi- incident solar energy in W 

HT - total solar radiation on the flat plate collector 

in W/m
2
 

Ac - area of the collector in m
2
 

d

e
)1(1

)(





 
(Ԏα)e - effective transmittance-absorptance 

product 

 

 

Time 

 

 

Inlet 

temp. 

(ºC) 

 

Exit temp. 

Of flat 

plate 

collector 

without 

Reflector(

ºC) 

 

Exit temp. 

of flat 

plate 

collector 

with 

Reflector(

ºC) 

 

 

Outlet 

Temp. 

(ºC) 

 

9:00am 

 

 

26 

 

39 

 

61 

 

49 

 

10:00am 

 

26 

 

51 

 

74 

2

52 

2 

 

11:00am 

 

 

26 

 

78 

 

96 

 

60 

 

12:00pm 

 

 

26 

 

84 

 

102 

 

69 

 

1:00pm 

 

 

26 

 

81 

 

101 

 

68 

 

2:00pm 

 

26 

 

62 

 

86 

5

55 

5 

 

3:00pm 

 

26 

 

47 

 

60 

4

48 

8 
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- transmittance of the glass cover =0.92 

 - absorptance of the absorber(black paint)=0.96 

 - diffuse reflectance of the cover, which can be 

estimated by calculating reflectance ρ     for an 

incident angle of 60º denoted by  

)(sin2

)(sin

)(tan2

)(tan

21

2

21

2

21

2

21

2











 
Θ2- Angle of refraction 

n

sin
sin 1

2




 
n -refractive index of transparent glass cover =1.5 

5.1

60sin
sin 2 

 
              = 35.24º 

 

)(sin2

)(sin

)(tan2

)(tan

21

2

21

2

21

2

21

2











 

   )24.3560(sin2

)24.3560(sin

)24.3560(tan2

)24.3560(tan
2

2

2

2











 
    = 0.1412 

 

d

e
)1(1

)(





 

            1412.0)96.01(1

96.092.0






 
            = 0.888 

 

Value of HT= 6.67 kWh/m²day, at Kottayam, 

Kerala  

1 kWh/m²day = 1,000 W x 1 hour / (1 m² x 24 

hours) 

                          = 41.67 W/m² 

ecTi )(AHQ 
 

    = 6.67 x 41.67 x 1 x 0.5 x 0.888 

         = 123 W 

Efficiency, 

i

u

Q

Q


 

         123

55.40


 
          = 32.97% 

 

Cost analysis of this project is shown in 

the table below.  

 

SL 

NO. 

 

PARTS 

 

 

Q

T

Y 

 

SPECIFICATION 

 

COST 

(Rs.) 

 

1 

 

Cooling 

Tank 

 

 

   

1 

 

0.2m x 0.2m x0.2m 

 

500 

 

 

2 

 

Copper 

Tube 

 

 

 

1 

 

14m x10mm 

 

4000 

 

3 

 

Reflect

or 

 

   

1 

 

45cm dia 

 

 

200 

 

4 

 

Mild 

Steel 

Box 

 

   

1 

 

1m x 0.5m x 0.125m 

 

 

2000 

 

5 

 

 

Glass 

 

    

 

4mm thick 

 

195 

Total cost: 6895 

 

VII. CONCLUSION 

 

 This project is dealing with design, 

fabrication and analysis of an effective method of 

solar distillation. The initial design comprised of 

heating coil which is heated by the solar energy 

trapped and converted by the solar panel. Solar 

power from the panel is transferred to the heating 

coil through the battery. However on further 

study it was found that this method was not 

feasible as battery had to be continuously 

charged by using a high power solar panel, so we 

modified the design. Solar panel, solar battery 

and the heating coil were removed. A parabolic 

reflector was used to focus the high intensity 

solar radiation on the copper tube at the exit of 

the flat plate collector. A cooling tank was used 

to cool the vapour at a fast rate, thereby a cost 

effective solar distillation was fabricated. The 

analysis of solar still was conducted, its 

efficiency was calculated and was found to be 

32.97%. If the flow rate of water inside the 

cooling tank is increased, the amount of distilled 

water obtained in this process can also be 

increased.  
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 Fresh water produced by a solar still would 

be one of the best solutions to   supply fresh 

water to villages and arid regions. Solar energy is 

the best alternative compared to any other 

heating energy sources. It can be concluded that 

use of solar distillation promises to enhance the 

quality of life, and health standards in remote 

areas.  
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