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Abstract- The purpose of this research work is to develop a water desalination unit that could efficiently produce potable 

water by evaporation and condensation; integrated with a Fresnel lens solar concentrator. The experimental setup consists of a 

heater tank powered with a Fresnel lens concentrator for pre-heating the water and a desalination unit. The objective of the 

work is to evaluate the enhancement in the performance of the system and was compared with the existing desalination unit. 

The study shows that Fresnel lens concentrator alone as pre-heating device can improve the yield of the desalination system up 

to 30.8 liters with an efficiency of 55%. 
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1. Introduction 

Adequate quality and reliability of drinking water supply 

are fundamental needs. Without fresh water, human life is 

not possible. Water is one of the most abundant natural 

resources on earth, covering about three-fourths of its 

surface. Unfortunately, ninety-seven percent of the water on 

the earth’s surface is saline in nature. The remaining small 

percentage of freshwater is available in the ground water, 

lakes and rivers, which are used to satisfy the needs of living 

beings. Oceans are the infinite sources of saline water. 

Salinity can be eliminated by the process of desalination. The 

separation of salts from sea water requires a huge amount of 

energy by burning of fossil fuels and can cause harm to the 

environment. This pollution can be avoided to a large extent 

by the use of environmental friendly techniques for 

desalinating the seawater [1]. In conventional process, 

desalination used fossil fuel as the thermal source for heating 

but due to rapid decrease in the fuel availability it is 

necessary to go with the renewable energy for desalination 

process [2]. There are many parts of the world that are arid 

and semi- arid areas where plenty of underground water is  

available but it is of highly saline in nature. The saline water 

contains 35000 ppm impurities and the acceptable salt 

content in fresh water for human consumption is only 500 

ppm, thus desalination of sea water is important. The solar 

desalination system operates similar to the natural hydrologic 

cycle of evaporation and condensation [3]. 

An excellent review on the use of renewable energy in 

various types of desalination systems and applications were 

presented by Sumit M. Kamble et.al.[4]. The author 

highlights the use of solar energy as a best option over 

conventional systems, as solar solar energy is available in 

abundant quantity and the technical feasibility of extracting 

solar thermal energy is relatively simple. Ahamed M. 

et.al.[5] performed experiments to improve efficiency by 

minimizing thermal losses, that is, by reducing operating 

temperature of whole system it is possible to reduce heat loss 

and increase efficiency. Bilal A. Akash et.al.[6] performed 

experiment in Jordan using a solar still with various cover tilt 

angles of 15, 25, 35, 45 and 55. An optimum tilt angle for 

water production was found to be 35. Salt was added to study 

the effect of the salinity of water on solar distillation and it 

was observed that the salinity of water affects the distillate 
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production even for lower concentration. M. Boukar et.al.[7] 

have performed a comparative study on the performance of a 

simple basin solar still and a similar one coupled to a flat 

plate solar collector and it was concluded that the coupled 

system has better performance than basin solar still. Hitesh 

N. Panchal et.al.[8] in his work used three identical size solar 

stills having three different thicknesses of glass cover of 4 

mm, 8 mm and 12 mm and it was inferred that lower glass 

thickness gives higher distillate output. Here, Dunkle model 

is used for comparison of various heat transfer coefficients of 

solar stills. A.S.Naftyet.al.[9] used black rubber or black 

gravel material within a single sloped solar still as storage 

medium to increase the productivity. Most recent work by 

Dr. Omar El-Hadad [10] is the investigation of new 

desalination technique using lenses to increase the rate of 

evaporation. 

As the above literature review shows, the studies on the 

detailed investigation on solar desalination using Fresnel lens 

are scarce. As a result, direct active desalination system 

using solar heater tank combined with distillation tank has 

put forward to increase the yield of desalination unit. 

 

2. Experimental Setup  

The heating unit is made up of mild steel base. The box 

is painted black for better absorptivity. Copper sheet was 

used at the bottom of box. A schematic diagram of the setup 

is shown in the Fig.1. The six edges are welded together and 

the edges are stuck together using silica gel and m-seal for 

sealing off leaks. The heater tank is covered using a glass 

cover plate, on the top. The Fresnel lens is placed over the 

heater tank to increase the amount of radiation falling onto 

glass cover. Two holes are drilled on one side of the tank, 

one below the other. Two pipes are connected to these holes 

and this allows the hot water to flow to the distillation tank 

from heater tank. 

 

 
Fig. 1. Schematic of the experimental setup 

 

The distillation unit is also constructed using mild steel. 

Again the edges are welded together and secured for sealing 

off leaks. The distillation unit is split into two halves: the 

evaporation tank and the collection tank. It has an opening at 

the top, which deviates at an angle from the horizontal plane. 

The evaporation tank has holes on one of its side, one below 

the other to which the set of pipes from the heater tank was 

connected. The distillation unit was also covered with glass. 

The two compartments are separated using a mild steel sheet 

as shown in the figure. 

The design consists of two major parts: (i) the water 

heating and (ii) distillation unit. The water heating unit 

consists of a black coated tank with glass cover on top, 

which is used to collect and preheat the water before 

supplying it to the desalination unit. Fresnel lens is combined 

with the heating tank, so as to concentrate more amount of 

solar radiation onto the glass cover. The bottom of the tank is 

coated black to absorb maximum energy. During the day 

time, solar radiation is trapped inside the tank by greenhouse 

effect and is utilized for heating process. The heater tank is 

combined with the distillation unit and the heat energy is 

continuously transferred as convection current through water 

which acts as the medium. 

The distillation tank is split up into two parts; the 

evaporation tank and the collection tank. Hot water is 

continuously supplied to the distillation tank from the heater 

tank. The water in the distillation tank undergoes 

evaporation. During evaporation, the impurities present in 

water are left out in the distillation tank. The water vapor 

gets condensed inside the glass cover on the top of the tank. 

As the glass sheet is in a slanted position, the condensed 

droplets would not trickle until it reaches the collection tank. 

The heater and distillation units were connected to each other 

by a set of pipes. The pipes allow the convection currents to 

help in heating the water. 

 
3. Performance Evaluation 

 

The water desalination unit using Fresnel lens solar 

concentrator is tested for full load and maximum efficiency 

conditions to evaluate its performance. Thermocouple is used 

to measure the temperature of outlet water of the water heater 

tank. A lux meter is used to measure instantaneous solar 

irradiation on the surface of Fresnel lens. All measurements 

were taken during the period of 9:00 AM to 4:00 PM. 

Maximum efficiency test is carried out to estimate the 

optimum load to give the maximum distillation yield. In 

testing process, the water heater tank is loaded to its full 

capacity of 72 liters. 

 

4. Efficiency 

 

Efficiency calculations are based on the average value of 

solar irradiation obtained. Maximum value of obtained 

results (temperature and distilled water volume) is used in 

each case to determine the efficiency. 

 

4.1.Solar Water Heater Efficiency 

 

Efficiency of the solar water heater tank is defined as the 

ratio of amount of heat stored in the tank till evening to the 

total solar input received by the Fresnel lens over the same 

period. 

 
tIA

iToTpmc
efficiencyheaterWater




            (1) 

Where,  

m = mass of water in storage tank, kg 

cp= specific heat of water, kJ/kgoC 
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I = solar irradiance, W/m2 

A = aperture area, m2 

Δt = time interval, s 

Ti = water inlet temperature, 0C 

To= water outlet temperature from heating tank, 0C 

4.2. Solar Distillation Unit Efficiency 

 

Solar distillation efficiency is defined as 

I

eQ
efficiencyTankonDistillati             (2) 

Where, 

Qe = Amount of Energy utilized in the still, J/ m2 .day 

feMeQ              (3) 

Me = Daily output of distilled water, kg/m2 .day 

f = latent heat of vaporization of water, J/kg 

5. Results and Discussion 

 The developed desalination unit was tested for its 

feasibility and the following results are obtained. . 

5.1. Full Load Performance 

 

The testing was done for two replications. During the 

testing, temperature of water and solar irradiation were 

measured. Maximum solar energy was available at 1:00 PM. 

After 1:00 PM, there was gradual drop in the incident solar 

radiation. With the increase in the solar irradiation, the 

temperature of water increased. From average data of full 

load test, it was found that the average temperature at 9:00 

AM at outlet and storage was 280C when solar irradiation 

was 536 W/m2 and ambient temperature was 270C. It was 

obtained that maximum outlet temperature of hot water was 

640C at 4:00 PM when solar irradiation was 212 W/m2. The 

maximum solar irradiation obtained was 916 W/m2 at 1:00 

PM and the average solar irradiation obtained for the day was 

751 W/m2. The output of the distillation unit was measured 

in the subsequent morning. The maximum volume of 

distilled water obtained was 1.2 liters. The efficiency of the 

distillation tank was found out to be 24.0 % at an average 

yield of 7.00l/m2 day. 

 

 

Fig. 2. Full load thermal performance of water desalination 

unit 

5.2. Maximum Efficiency Performance 

 

The testing was done to find out the optimum volume of 

water that can be stored to get the maximum efficiency. The 

testing procedure is similar to that of full load test.  A 

variation in the volume of water stored results in a change in 

efficiency. And the maximum efficiency for distillation unit 

was found to be 55.97%. The volume of water stored in the 

heating tank was 33 liters and the output from the distillation 

tank in the subsequent morning was found to be 2.7 liters. 

The average amount of distilled water per unit area of 

distillation tank was 15.42 l/m2 day. 

 

 

Fig. 3. Efficiency of distillation tank with varying volume at 

fixed temperature of water in the heater tank 

6. Conclusion 

The use of solar energy in desalination process is one of 

the best applications of renewable energy. Solar energy 

driven desalination units can reduce carbon emissions and 

can provide desalinated water in a sustainable way with 

minimal impacts on environment. Fresnel lens offers a 

simpler and cheaper method for concentrating solar energy 

that can be used for pre-heating water. The experimental 

observations of the behavior of Fresnel lens concentrator 
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alone as pre-heating device can improve the performance of 

desalination system. The experiment reveals a maximum 

temperature of 64˚C in the heater tank at an average 

irradiance of 750 W/m2. The yield was increased by reducing 

the water level in the desalination tank and the increased 

yield was 2.8 liters with 15 liters of water in the desalination 

tank with 55% efficiency. 
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