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Abstract 

Water being the source of life for all creatures covers 3/4
th
 of the earth‟s 

geography. Only 3% of the water source available is potable water in which 

only 1% is accessible to humans. As the world faces continuously water 

scarcity problem, converting saline water into potable water becomes need of 

the hour. Various technologies are adopted for desalination across world in 

which desalination using solar still is one of the economic and promising 

method. Brackish water in a solar still is converted to potable water by means 

of evaporation and condensation. Improving these two will overcome the low 

productivity problem in a solar still. In this work, experimental performance 

of a solar still coated with ZnO nano particle of 1% concentration is 

compared with conventional solar still under same ambient conditions. 

Results have shown that the still with ZnO nano particle coating gave better 

results than conventional solar still. The improvisation in surface area of  
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contact due to nano coating was found to be the reason behind improved       

results. 

Keywords: Desalination, Saline water, passive solar still, inbuilt condenser, 

nano particle               

 

1 Introduction 
   

Surrounded by 3/4
th
 of global geographical area, potable water still    

remains scarce in arid and remote areas. Treatment of saline water can meet 

out the demand of potable water. Solar still desalination is one among the 

sustainable solutions to address this problem. Solar still can be fabricated 

using easily available and cheaper materials with ease in maintenance. Least 

productivity per m
2
 area is the major limitation of using solar still 

commercially. To improve the production, lot of researches have been 

progressing in improving the evaporation and condensation rate and in turn 

the productivity [1–10]. are the major factors that influence the productivity 

of solar still Area of evaporation, water depth, basin radiation absorption 

capacity, basin volumetric heat capacity, transmittance of the cover, thermal 

properties of the basin and water, air circulation inside the still and heat loss 

through the bottom and side walls of the still [1].  

Use of nano particles has also shown promising results in improving the 

evaporation rate of solar stills. O. Bait [11] reviewed and discussed direct 

and indirect desalination processes with variety of nano particles. Findings 

reveal all nano particles have positive impacts. Ample researchers used nano 

oxides for their optical, thermal and physical property; low cost and 

durability. Universally black paints in water basins of solar stills boost up 

solar absorption. Nano sized particles as coating further improves absorption. 

Nano particles in conjugation with other coating materials like SnO2 

depreciate heat loss. Doping Phase Changing Materials (PCM) with nano 

particles intensify water temperature for better yield. Paraffin wax is one 

such example. Though increasing PCM results well, exceeding optimum 

concentration reduces the melting point of wax. Plasmonic nano materials 

like Ag and Au are dispersed in water to raise distillate yield and thermal 

efficiency. Ag has the added advantage of disinfecting property. Trails were 

also made to incorporate Photo Voltaic cells with partial submergence into 

nano-fluids. The effect was enhancement of solar stills yield and turn out of 

photo voltaic efficiency. The detriment factor to care is corrosion and short 

circuiting during partial submergence. Studies of pumping nano-fluids notify 

that without pumping agglomeration of nano particles happen and pumping 

increase operating cost. Volumetric fraction studies give facts that nano 

particle concentration is directly proportional to yield. But optimum 

concentration is based both on  
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maximal yield and total distilled water cost. Cost based analysis proclaims 

nano insulation materials to reduce heat loss (e.g. Nano silica). Researches 

tested hybrid conceptions of solar stills with solar collector, thermo electric 

cooling device, Fresnel lens concentrator, solar water heater, evacuated tubes 

etc. Fresh water quality characterization Studies confirm their portability 

after desalination. Only scanty researches have been attempted using indirect 

desalination technology. 

J. Xu et. al. [12] investigated the employment of copper nanodot-

embedded graphene urchins for solar desalination and achieved an 

evaporation rate of 0.63 kg m
-2

 hr
-1

 and desalination efficiency of 82%. It is a 

3D N doped graphene urchin in which Cu nanodot are fixed immutably and 

scaffold in the graphene matrix. Solar absorption was 99% for a spectral 

range of 300-1800 nm. Localized surface Plasmon resonance of copper 

nanodot enhanced the results. Thermalization process was backed up the 

interconnected graphenes. Nitrogen doping has setup pathway for water 

transfer. 

Tungsten Carbide is a non-toxic, chemically and mechanically stable 

nano particle. It also possesses attractive properties like high tolerance to 

laser and localized surface Plasmon resonance. Hence N. Han et. al. [13], 

designed a tungsten carbide nano-film array of photo thermal material for 

solar power desalination. The design also included a sandwich wettability of 

hydrophobic-hydrophilic layers at the top and bottom with a hydrophilic 

middle layer. Top layer promotes evaporation whereas bottom layer lessen 

heat dissipation. Middle layer pumps water by capillary force. The results 

obtained are 98.8% solar to vapor conversion efficiency with fresh water 

production at the rate of 1.06±0.10 kg/m
2
h for synthetic seawater. Similar 

result of 0.98±0.18 kg/m
2
h was obtained from sewage with heavy metals. 

The material also exhibited a higher light absorption of >97% in a wide range 

spectrum of (220-2,200 nm). 

Rafiei et. al. [14] has investigated a humidification and dehumidification 

desalination system with photovoltaic thermal panels and conical cavity 

receiver. Al2O3/oil, Cu/oil, CuO/oil, TiO2/oil, and MWCNT/oil nano-fluids 

of concentration 0% to 5% were used as working fluids. Through 

experimental results it was found that increasing nano-fluids concentration 

enhanced thermal efficiency and freshwater production, whereas outlet 

temperature, exergy efficiency and gain output ratio values turned down. 

Cu/oil bettered among the chosen nano-fluids. Maximal fresh water 

production of 17.3 kg/hr, with inlet water-air flow ratio of 0.5 and discharge 

of water as 0.28 kg/s was reaped at a nano-fluids concentration of 5% VF. 

S.M. Parsa et. al. [15], examined the performance of identical solar stills 

with nanofluids and condenser, solar stills with nano-fluids but without  
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condenser and solar stills without either nano-fluids or condenser. 0.03% by 

weight silver nano particles was used for nano fluid preparation. It furnished 

both disinfection and desalination. External condenser facilitated higher fresh 

water production. The main influencing parameter is the solar radiation 

intensity. All the three devices exhibited highest hourly yield around 2.00 pm 

when intensity of radiation was maximum. Productivity and daily efficiency 

of stainless steel with nano-fluids/condenser, with nano-fluids without 

condenser without nano-fluids/condenser are respectively as 1915 cc, 1210 

cc, 955 cc, 25.42%, 22.01%, and 16.58%. Comparison of results revealed SS 

with nano-fluids/condenser has shown a higher productivity of 47.6% than 

SS without nano-fluids/condenser and 16.5% than SS with nano-fluids and 

without condenser. 

The performance of carbon fiber cloth electrochemically etched and 

surface-coated with carbonized polyaniline nanowires was analyzed by K. 

Wang et.al, [16]. At 1 sun irradiation the solar evaporation rate obtained was 

1.4255 kg/m
2
h with a maximum solar thermal efficiency of around 93%. 

Porous structure, inferior thermal conductivity, higher mechanical strength, 

broadband light absorption and efficient water transfer rate are the concrete 

reason behind the obtained results. Together with this, the material had a 

shortfall, „it could not float for long duration. Hence polyurethane foam was 

used as a base material for support and to shun the heat loss. 

To obtain the utmost performance, a solar desalination device was 

prepared by Zhang et. al. [17] and applied a salt-blocking membrane 

fabricated from kieserite phase Cu2ZnSnS4 nano-sheet aggregates. Low cost 

one-pot solvothermal method was used for the preparation of CZST nano-

sheet aggregates. High solar absorption efficiency, large specific area, long 

term durability and low thermal loss of the CZST nano-sheet aggregate 

membranes favored a noticeable solar evaporation rate of 1.54 kg/m
2
h and 

steam conversion efficiency of 78.85% under one sun irradiation. 

Simple fabrication and low cost are imperative for scaling up of any solar 

desalination device. Non concentrated low solar intensity performance 

augments the choice of device during scaling up. Higgins et al, [18] devised 

such a solar evaporator using plant – derived carbon nano-spheres from 

Cinnamomum camphora incorporated with polyvinyl alcohol sponge. 

Experimentation was carried out at one sun radiation. The device produced 

an appreciable solar evaporation rate of 1.54 kg/m
2
h with 92.38 % photo 

thermal efficiency and 99.99% of salt removal efficiency. 

B. Hou et. al. [19], demonstrated concurrent electricity generation and 

solar desalination. The chosen material is mixed cellulose ester membrane 

through which graphene oxide is filtered. The current  
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density and power density obtained were 5.3µA and 20.5 µW cm
-3

 

respectively. 1.3 kg/m
2
h solar evaporation rate is also gained by the device. 

The study delivered a low-cost, flexible device, improving the utilization 

efficiency of environmental energy in turn increasing the possibility of 

practical applications. 

L. Chen et. al. [20], examined the effect of carbon black solar 

evaporators. Explicitly carbon black results in higher absorbance of 96% in 

the spectral band of 250-2500 nm. 10 gm/m
2
 of carbon black powder is 

deposited over mixed cellulose ester layer (10CBMCE). Another multilayer 

enhanced evaporator (MEER) was fabricated as follows. A polystyrene 

cylindrical foam layer is wrapped at the top and periphery by air-laid paper 

and 10CBMEC membrane is place over it. The materials performance is 

tested using deionized water, municipal sewage water, synthetic seawater and 

13.5 w% Na-Cl solutions. Remarkable results were achieved in deionized 

water and 13.5 w% Na Cl solutions. The study reveals that increasing 

incident solar density and decreasing water depth, concentration of solution 

and relative humidity enhances the result. The MEER outperformed than 

10CBMEC with an evaporation rate of 5.6 kg m
-2

 hr
-1 

under 5 sun irradiation 

and evaporation efficiency of 123.5% for 13.5 w% Na-Cl solutions. 

Economic analysis of MEER revealed it had a life cost of only $1.89/m
3
 of 

freshwater produced. These evaporators have greater chance of scaling up 

due to their facile fabrication and low cost.  

Y. Zhang et. al. [21], investigated the utilization of food derived carbon 

based materials for solar desalination and simultaneous thermal electricity 

generation. Food waste volarization and its usage as carbon based photo-

thermal material reduces carbon footprint of food waste treatment. 

Carbonization of food waste at lower operation temperature, supreme 

incineration of food waste mixed with municipal solid waste which requires 

higher temperature.  Cooked rice, pasta, raw potato, banana peel and lotus 

roots were selected as the study material. Porous structure and broadband 

light absorbing capacity of carbonized food waste made them suitable for 

solar interfacial evaporation. In addition, the natural structure of the 

carbonized material prevented clogging of salt which was proved by 5 

continuous cycling of (salinity 3.5w %) saline water and no reduction in 

evaporation rate. Pasta and rice produced 1.3354 kg/m
2
h and 1.2582 kg/m

2
h 

solar evaporation rate respectively and topped among the selected materials. 

Increasing light concentration from 1 sun to 4 sun irradiation elevated solar 

desalination efficiency from 84.1% to 90%. 
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1.1 Inference 
 

Through these literature reviews it is evident that use of nano-materials in 

any form will improve the performance of an applicant device to improve the 

productivity of desalination. With this scope it was preferred to use Zinc  

oxide nano particle mixed with the paint at 1% of weight concentration to 

coat the internal surface of the solar still. 
 

2 Experimental Setup 

Outdoor experimental setup of single basin single slope solar still with 

and without ZnO nano particle coating is shown in the figure 1. Both the 

stills are of size designed with 0.25m
2 

area (500mm × 500 mm) and covered 

with glass cover of thickness 3 mm which acts as a condensing cover plate. 

In built condenser tilted at 45º is designed to increase the condensation rate. 

The glass cover is kept at tilt angle of 30˚ top receive maximum radiation and 

is sealed with silica gel top prevent heat losses. The depth of water is 

maintained at 10mm. The basin liner of conventional solar still is coated with 

black paint to absorb maximum solar radiation. To minimize the heat loss 

from the bottom and all the side walls of the still, it is insulated with 

thermocole of thickness 25mm. The distilled water flows down the channel is 

collected with the help the stainless steel pipe which is located at the 

channels bottom end. 

The glass cover plate allows the direct, diffused and reflected radiations 

from the sun and it gets absorbed in the basin liner which is filled with water. 

Now, the basin water will start to heat and evaporate because of the absorbed 

solar energy in the liner. Water vapour gets condensed in the glass plate and 

is collected in the beaker through bottom of the channel.  

Both the stills were placed towards south direction in order to get the 

maximum radiation and experimented under same ambient condition to study 

the exact improvements. The experiment was carried out between 9:00 AM to 

7:00 PM during sunny days of April month at Ramco Institute of 

Technology, Rajapalayam (9º27‟N, 77º33‟E). The intensity of solar radiation 

was measured by using solarimeter. Calibrated K-type thermocouples are 

used to obtain the temperature at different parts of the still. Various 

parameters at different points are measured for every half an hour for both the 

stills under same atmospheric conditions. 
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Figure 1 Front view of the experimental setup 

 

3 Energy Efficiency of Solar Still 
 

The desired output from the solar still is yield produced by the solar still. 

The hourly yield is summarized to calculate the cumulative yield from the 

still. The cumulative yield multiplied by the latent heat of vaporisation is 

considered as total output energy of the system. The energy utilized to derive 

the mass of water production is calculated based on the first law of 

thermodynamics. Total daily solar intensity upon the solar still is considered 

as input energy. The equations Eq. (1 – 3) [9] is used to find the energy 

efficiency of the solar still.  

The daily yield (Mw) can be obtained by adding hourly yield from 9:00 hours 

to 19.00 hours 

    (∑   
   
   )                                                                                         (1) 

 

          = hourly distillate yield in kg,  

                      = cumulative yield in kg. 

 

        
     

(    ∑   ( )     )
                                                                            (2) 

 

Where 

  ηenergy = Energy efficiency 

 L is latent heat of evaporation in J/kg.  

As = Surface area of the solar still (m
2
) 
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                                                             m2 
 

                              [  (                         
     

  

             
 ]                                                                   (3) 

        Tw is basin water temperature in 
o
C 

 

       3.1 Exergy Efficiency of solar still 

 
    The maximum useful work that can be obtained from any kind of system       

at some specific environment condition is called as Exergy. Exergy 

efficiency is calculated from the following Eq. (4-10) [9].  

 

                               ∑  ̇    ∑  ̇     ∑  ̇                                                (4) 

       ∑  ̇              ( ) ∑ ̇               ( )   

               ∑  ̇                           ( ) 

                                  ∑  ̇     (∑  ̇      ∑  ̇     )  ∑  ̇                      (5) 

                           ∑  ̇                         ( ) 

                           ∑  ̇                          ( ) ∑  ̇      

            ( ) 

                      ∑  ̇    ∑  ̇     ((   ∑   ( )))  ⌊  
 

 
 (

      

  
)  

 

 
 

(
      

  
)
 
⌋                                                                                                       (6) 

       Ta is atmospheric temperature in 
o
C & Ts is sun temperature in 

o
C 

                                      ∑  ̇         ̇                                      (7) 

              ∑  ̇       
     *  (

      

      
)+

    
                                                           (8) 

Exergy efficiency,      
∑  ̇     

∑  ̇    
                                                                 (9) 

                    
 ̇     
 ̇    

                                                                            (10) 
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4 Results and Discussion 

Graphs were plotted for various parameters against the experimental time 

and shown below. 
 

 
Figure 2. Time vs Solar Intensity and Ambient temperature 

Figure 2 describes the changes of solar intensity and ambient temperature 

with respect to time. Based on the ambient temperature, solar intensity 

gradually increases from morning and reaches the maximum at noon and 

declines to minimum at evening. It shows that solar intensity attains its peak 

value of 955W/m
2
 around 12PM as the ambient temperature is maximum 

reaching 39ºC closure to that time. 

 

 
Figure 3. Time vs Saline water temperature for both stills 

Figure 3 presents the change in saline water temperature against time along 

the experimentation hour for both stills. From the graph it is inferred that 

saline water temperature of still with nano-coating is less than that of 

counterpart  
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before noon and higher in afternoon. The reason for the same is absorber 

plate of still with nano coating stores more heat energy till noon and liberates 

heat to saline water in after noon. The temperature values of still coated with 

ZnO and still uncoated reaches 72ºC & 75ºC respectively. 

 

 
 

Figure 4: Time vs Glass cover temperature 

 

Glass cover temperature change of both the still is described in figure 4. 

The pattern of distribution resembles that of figure 3. It is also evident 

through this graph that the deviation between glass temperatures of both stills 

is due to ZnO coating. ZnO coated absorber plate absorbs maximum heat due 

to its improvised capacity. After noon the absorbed sensible heat is liberated 

to saline water and in turn transfer happens to glass cover. The difference in 

temperature between two stills remains at an average of 2ºC across the 

experimental time. 

 

 
 

Figure 5:Time vs Basin temperature 
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Figure 5 shows the variation of basin temperature against time. As 

described earlier, the basin coated with ZnO absorbs more heat before noon 

as it is reflected in the graph in red curve. Afternoon the maximum sensible 

heat stored by basin with ZnO coating is dissipated at higher rate and hence 

the curve of still with ZnO coating falls below curve representing 

temperature of uncoated basin. The basin temperature of ZnO coated still and 

uncoated still attains their peak value 84ºC and 81ºC respectively at 1PM at 

which the ambient temperature is maximum.  
 

 
 

Figure 6 Time vs Cumulative yield 

 

Figure 6 presents the cumulative yield of both the stills with respect to 

time. From the graph we can understand the yield of still with ZnO coating is 

less compared to that of counterpart till noon. The reason is the still stores 

more amount of sensible heat as it is ZnO coated which is already discussed 

in earlier graphs. During afternoon the yield of ZnO coated still surpasses 

uncoated still as the stored sensible heat is liberated to basin water. This 

improves the evaporation rate of the still and in turn is reflected in 

productivity of the still. Experimentation results have shown that the yield of 

still with ZnO coating was 24.24% higher than still without ZnO coating. 
 

 
 

Figure 7 Comparison of energy and exergy of both stills 
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The comparison of energy and exergy of both the stills are reflected in 

figure 7. The results from graph show that the energy efficiency of inbuilt 

solar still with ZnO nano coating is 3.57% higher than that of inbuilt solar 

still. The exergy efficiency of nano particle coated inbuilt still is also 1.13% 

higher than the counterpart. 

 

5 Conclusions 
 
 Energy and Exergy analysis of single slope solar still of inbuilt 

condenser with and without Zno coating experimentation had been 

performed. The evaluation of results leads to the following observations: 

 

 Solar still with ZnO coating gives higher yield of about 24.24% than the 

still without coating. This is because the solar still with ZnO coating stores 

the sensible heat till noon and the liberation of sensible heat increases the 

evaporation process. 

 Energy and exergy efficiency of solar still with ZnO coating is 3.57 % 

and 1.13 % higher respectively than that of solar still with without coating. 

 Coating of ZnO in solar still had also gives changes in the temperature of   

glass cover of difference at an average of 2ºC when compared to solar still 

without coating. This is because of improvised capacity of ZnO coated 

absorber plate which makes it to absorb more heat. 

 When the ambient temperature is at maximum, ZnO coated solar still 

liberates its stored sensible heat so that the basin temperature of the ZnO 

coated still achieves the maximum temperature of 84ºC whereas the uncoated 

still basin temperature is 81ºC.  
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