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Nomenclature 

 

CSS Conventional solar still 
MSS Modified solar still 
PTC Parabolic trough collector 
PCMs Phase changing materials 
SSWVF Solar still with vertical fins 
SSWIF Solar still with inclined fins 
V1 Valve 1 
V2 Valve 2 
V3 Valve 3 
PAC Primary annual charge 
CCP Value of carbon credit generation 

Variables 

a Area, m
2
 

C Specific heat capacity, J/kg °C 
It Total solar radiation, W/m2 
k                             thermal conductivity, W/m K 
l Latent heat, J/kg 
Ta Ambient temperature (°C) 
Tw Basin water  temperature (°C) 
Tgi Inner glass cover  temperature (°C) 
Tcond. Condenser  temperature (°C) 
I Solar intensity (W/m

2
) 

Abw Basin area of water (m
2
) 

Ag Inner glass cover surface (m
2
) 

he,bw-ig Evaporative heat transfer  coefficient  (W/m
2
 K) 

hc,bw-ig Convective heat transfer  coefficient  (W/m
2
 K) 

Exc,bw-ig Convection exergy value for water and glass cover (W/m
2
 K) 

Exe,bw-ig Evaporation exergy value for water and glass cover (W/m
2
 K) 

% Percentage in distillate output 
ƞener 

 

 

 

 

Energy efficiency 
ƞexe Exergy efficiency 
φex co2 

  

Value of environmental exergy 
Rex Value of  economic exergy 
C Capital cost 
m Mass in kg 
n Constant 
P                           Partial vapor pressure, N/m

2
 

Pr                         Prandtl number 
Q Heat flux, W/m

2
 

R                       Thermal resistance, m
2
 K/W 

T Temperature, °C 

 

 

 

 

ϕ Latitude 
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1. Title of the thesis and abstract 

Title of the thesis 

Investigation and performance analysis of modifications in solar still for increment in 

distillate output 

Abstract: 

In the present research, work modification was done in solar still to enhance the distillate 

output. To check the performance of solar still, the initial experiments were done with different 

insulation thicknesses having 3cm, 6cm, and 10cm. Also, fins, evacuated tubes, energy storage 

materials, and a novel designed zig-zag shape air-cooled were attached with solar still to 

investigate its performance and compared with conventional solar still (CSS). The 

experimental work was done in the climatic condition of Gandhinagar (23.2156° N, 72.6369° 

E), Gujarat, India, from November 2018 to March 2021 at Gandhinagar. During experimental 

work, the different parameters like ambient temperature (Ta), basin water temperature (Tw), 

inner glass cover temperature (Tgi), solar intensity (I), and distillate output were measured for 

conventional solar still (CSS) and modified solar still (MSS). It was found that solar still 

having insulation thickness up to 6cm, increases the distillate productivity by 80% and 

asymptotically afterward. The experimental study noted that attachments of fins with solar still 

give 26.77% of higher distillate output than a conventional one. There is not much variation in 

distillate output was found between solar still with vertical and inclined fins. In a solar still to 

achieve the higher distillate output, it is necessary to maintain the difference of temperature 

between basin water and inner glass cover. Six evacuated tubes and a novel zig-zag shape air-

cooled condenser were attached with MSS and its performance was compared with CSS. 

Experimental results show that evacuated tubes preheat the water inside the basin of solar still 

and increase its evaporative heat capacity; the excess vapor generated inside the solar still was 

moved towards the condenser where it condenses. 

The achieved maximum values of water temperature (Tw) and inner glass cover temperature 

(Tgi) for MSS and CSS 69.21°C & 63.75°C and 54.93°C & 54.37°C, respectively. The energy 

storage materials like a black glass ball, black gravel, and white marble stones were added with 

MSS to increase its nocturnal productivity. The distillate output obtained for MSS and CSS 

were 3.920 l/m
2
 and 2.2260 l/m

2
. The MSS gives 73.45% higher efficiency than CSS. The 

energy and exergy efficiency obtained for CSS and MSS were 25.08% & 43.29% and 4.99% & 

12.55% respectively. In the view of environmental assessment, the MSS showed the best CO2 

mitigation of 0.40 t/year based on the exergy approach. The MSS with energy storage 

materials is effective from an exergo-economic and carbon credit point of view. 
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2. Brief description of the state of the art of the research topic 
  

 Water is an essential factor in our lives. It is connected with our various daily 

activities. Life without water is not possible. Water is of particular importance to every 

living thing in the world [1]. Water covers 60% portion of the human body. Due to unsafe 

water many diseases occurs on human body. Solar energy is freely available on the earth 

and can be used for different applications like power generation, space heating, 

agricultural, industrial, heating purpose etc [2]. Solar desalination is a technique by which 

salinity can be removed and pure water can be obtained with the help of solar energy [3]. 

 Solar still is a simple device which converts the salty or brackish water into clean 

water with the help of solar energy. It works on the simple principle of physics evaporation 

and condensation. Solar still can be classified as Active and Passive. In Active solar still, 

sunlight, electricity and some other moving parts are required to operate it. In contrast, in 

Passive still, no extra energy or moving parts is required to operate. Passive solar still is a 

strictly renewable device, which does not require any non-renewable energy to work. Also, 

it is a pollution-free device and uses in remote areas where the supply of electricity is not 

possible [4]. In solar still, the bottom surface, known as a basin where impure or saline 

water is collected, to absorb the more solar radiation it is painted with a black cover, and 

the top surface is covered with a transparent glass cover to transmit the more solar 

radiation. When the solar radiation is passed through the glass cover, it is absorbed by the 

absorber surface and heats the water inside the basin. When the heat has transferred the 

water inside the basin is evaporated and move towards the glass cover due to difference of 

temperature between the water and inner surface of the glass cover. Vapour generated 

inside the still is fixed on the inner surface of the glass cover and condensed due to its cool 

surface. This condensed water is slide down due to slanting of the glass cover and collected 

into distillate trough. By this way, using solar energy, the distillate water is collected from 

impure water with the help of solar still [5]. In solar still to reduce the bottom and side 

losses insulating material are used in the bottom and side surfaces, top losses are there, but 

it cannot be reduced, but minimized [6].  

Many researchers have used different techniques to improve the distillate productivity 

of solar still. They had work on by changing the design and configuration parameters of 

solar still, attached a fins, evacuated tubes and condenser within solar still.  

 Pankaj Kalita et al. [7] performed the experiment by changing the design of absorber 

plate in which they have used newly developed twenty three baffles having dimension of 
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90 cm × 4 cm × 0.2 cm in length. The newly developed absorber plate increases the 

distillate productivity of 117.32% more than conventional solar still. T.Rajaseenivasan et 

al.[8]
 
discuss on the distance between glass cover to basin water. By experimentally and 

theoretically investigation they proved that decreasing the distance between glass cover to 

basin water from 0.45 m to 0.15 m the productivity is increased 1.84 times, because lower 

the height promotes the convection and evaporation heat transfer coefficient which enhance 

the production rate. Panchal [9] reviewed on use of different energy storage materials with 

solar still to increase the distillate output of solar still. Author found that different energy 

storage materials like charcoal, black rubber mat, black ink, wiry sponge, volcanic rocks, 

metallic wire sponge etc works as heat storage medium inside the solar still. It store the 

energy during the sunshine hours and releases it on off-sunshine period, hence higher night 

distillate output could be achieved compare to conventional solar still. A.E. Kabeel et al. 

[10] use a parabolic trough concentrator (PTC) and phase changing materials (PCM) with 

solar still to increase the distillate productivity. PTC absorb the more solar radiation within 

solar still and increase the temperature of basin water, also PCMs store the heat during the 

day time and releases on night time, which increases the nocturnal productivity of solar 

still. V. Velmurugan et al. [11] worked on single basin solar still with fin to enhance the 

productivity.  They also used sponge and wicks for increasing the area and experimentally 

compared the result. From the result it is found that productivity increased 45.5% with fins 

compare to 29.6% and 15.3% for wicks and sponge respectively. M. Appadurai and V. 

Velmurugan [12] compare the performance of conventional solar still, solar still with fins 

and solar pond with fins integrated with fins type solar still. From experimental results they 

proved that an attachment of fins gives higher distillate output than conventional solar still. 

A.A. El-Sebaii et al. [13] performed an experiment on finned plate still during June and 

august and find out the effect of fin configuration parameters on single basin solar still that  

the productivity of the finned plate solar still increases with increasing the fin height; 

however, it decreases with increasing the fin thickness and fin number. T. Rajaseenivasan, 

K. Srithar, [14] investigate the performance of solar still using circular and square type fins 

compare to conventional solar still. They found that the distillate output of square and 

circular fins are same almost, but 36% higher than conventional solar still. It was found that 

addition of energy storage materials improve the performance of solar still. A.E. Kabeel et 

al. [15] designed a basin solar still with external condenser using Nano fluids to improve 

the efficiency of solar still. The effect of adding external condenser to the still basin is to 

decrease the heat loss by convection from water to glass as the condenser acts as an 
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additional and effective heat and mass sink. From experimental results it was found that 

nano fluid with external condenser in solar still gives 116% higher distillate output than 

conventional solar still. Kamel Rabhi et al.[16] made a comparative analysis between still 

with pin fin absorber attached with external condenser, still with pin fin absorber and 

conventional still. They found that attachment of condenser with solar still works better to 

condense the humid air and gives 32.18% higher water production than conventional solar 

still. Avraham et al.[17] developed and tested a system consisting of solar collector coupled 

to an evaporation/ condensation chamber. Here all components were fabricated from 

polymeric materials. The simulation model developed and compared with experimental 

measurements, results shows that newly developed is capable of producing in excess of 

11kg/m
2
 a day of distillate when the gap between the evaporator and condenser surfaces is 

2cm. El-Samadony et al.[18] modified a solar still a stepped solar still with reflectors and 

integrate an external condenser within it. Reflectors were used to absorb more solar 

concentrations. From experimental result it was found that modified solar still gives 165% 

higher distillate than conventional solar still at lower cost. Panchal [19] worked on 

Investigation and performance analysis of evacuated tubes coupled doubled basin solar 

still. Evacuated tubes coupled double basin solar still was a better solar still for converting 

available brackish water into drinkable water by use of solar energy and also, there was 

300% in increment of distillate output than conventional still. To increase the productivity 

and low efficiency of traditional solar still Yousif A. Abakr et al. [20], developed and 

designed multistage evacuated solar desalination system. The newly developed system 

gives distillate of 14.2 kg/m
2
/day, which was three time to conventional system. M. Ashok 

Kumar and S. Rajesh. [21] worked on performance evaluation of a solar still coupled to an 

evacuated tube collector type solar water heater. The performance study was conducted at 

various timings with different operating conditions like solar still alone and solar still with 

evacuated tubes. From experimental results it was found that during 8:00 a.m to 5:00 p.m 

in solar still with evacuated tube the distillate output was increased from 39% to 59% 

higher compare to conventional solar still. Yadav et al.[22] made comprehensive review on 

evacuated tube solar still and found that evacuated tube with solar still preheat the basin 

water and increases its distillate output. Also it was found that stepped solar still with 

evacuated tubes, energy storage materials give 59.47% higher distillate output than 

conventional solar still. After completing the literature reviews following points are 

summarized: 

 Solar still is a helpful device to convert brackish or saline water into potable water. 
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 The higher water temperature inside the basin and lower inner glass cover temperature 

increase distillate output. 

 For higher water temperature, flat plate collector, parabolic trough collector, compound 

parabolic concentrator and evacuated tube have been used and among them evacuated tubes 

were found most suitable. 

 For lower inner glass cover temperature, glass cover cooling methods like a sprinkle of 

water outside glass cover, drop-wise condensation, film-wise condensation, and condenser 

used. 

 Fins increase the heat transfer area and increase the distillate output of solar still. 

 

3. Definition of the problem 
 

• Higher water temperature leads to higher distillate output and increases the bottom heat 

loss; hence proper insulation is required at the bottom and sides. 

• Solar still with modifications at the basin (corrugated surface, V type surface) also 

unattended by researchers.  

• Integration of condenser with modifications at basin also unattended by researchers. 

• Solar still with the attachment of different types of fins and PCM with modifications at 

basin and condenser is unattended by researchers. 

• Researchers still unattended the attachment of evacuated tubes with the attachment of 

different types of fins with modifications at basin and condenser. 

 

4. Objectives and scope of work 

The following are the objectives of research work. 

Objectives of the work 

 Determine the optimum thickness of basin insulation to reduce heat loss from the bottom of 

the solar still. 

 Design and fabricate the three solar stills with different attachments of fins and test them to 

determine the best configuration. 

 Design air-cooled condenser and attached with the best modification and compared with 

conventional solar still. 

 Integrate different energy storage materials, evacuated tubes, fins and zig zag shape air 

cooled condenser with solar still and compared its performance with conventional solar 

still. 

 To carry out life cycle cost analysis 
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Scope of work 

• To prepare a modified solar still with attachments of fins, evacuated tubes, energy 

storage materials and zig-zag shape air cooled condenser. 

• To compare a performance of conventional solar still with modified solar still (Solar 

still integrated with energy storage materials, fins, evacuated tubes and zig zag shape air 

cooled condenser. 

• To do an life cycle cost analysis using energy-exergy, exergo-econoimic and exergo-

environmental analysis 

 

5. Original contribution by the thesis 

 The distillate output of the solar still remains lower and attempts have done to improve 

the distillate output in the present thesis. 

 The optimum thickness of the insulating material for the solar still is determined in 

present research work by experimental analysis. 

 To increase the distillate output of water, vertical and inclined fins have been 

incorporated and compared with the conventional solar still. 

 To reduce the top glass cover heat losses, a zig-zag shape air-cooled condenser was 

fabricated using galvanized iron (GI) material, and an experiment was done between 

conventional solar still and solar still with zig-zag shape air-cooled condenser. 

 The performance of solar still using fins, evacuated tube, condenser, and energy 

storage materials were found with conventional solar still, and its life cycle cost 

analysis was done.  

 Development and fabrication of various components for modified solar still i) zig-zag 

shape air-cooled condenser, ii) evacuated tubes, iii) energy storage materials are 

shown in figure-1 to figure-4. 

 
 

 

FIGURE 1. Zig-Zag shape air cooled condenser 
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FIGURE 2. Detail drawing of solar still with evacuated tube 

 

 
FIGURE 3. Different energy storage materials 

 

 

FIGURE 4 Photograph of Experimental Set up (A) Conventional solar still (B) 

Modified solar still (Solar still with fins, condenser, evacuated tubes and energy 

storage materials 

   

Black granite Black colour glass ball Marble stones 
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6. Methodology of research, Results / Comparisons 
 

The objective of present research work is to improve the distillate productivity of single solar 

still using air cooled condenser, evacuated tubes, fins and different absorbing materials etc. 

In this research work to achieve the objectives the experiment is conducted using following 

methodologies: 

I. To reduce the loss of heat from bottom surface of solar still, the experiment is 

conducted with three conventional solar still using 3cm, 6cm and 10cm of insulation 

thickness. In experimental work comparison is made between different thickness of 

insulation and optimum thickness is found out.  

II. Three conventional solar still is designed and fabricated with different attachment of 

fins. In this experimental work the comparison is made with i) simple conventional 

solar still, ii) Solar still with vertical fins and iii) Solar still with inclined fins. The 

experiment is conducted in atmospheric condition on Gandhinagar, Gujarat. 

III. Experiments have been conducted on single basin solar still with air cooled 

condenser. The zig zag shape air cooled condenser is used here. To maintain the 

temperature difference between basin and glass cover condenser is used in this work. 

Also comparison is made with conventional solar still. The experimental readings 

are taken for 1 month continuously. 

IV. Experiments have been conducted with modified solar (solar still condenser and 

evacuated tubes) still using fins and absorbing materials. In this experimental work 

copper pipes are used as fins and marble stone, granite gravel, glass ball etc. are 

used as absorbing materials. The fins and absorbing materials are used to improve 

the productivity of solar still. 

V. In this research work life cycle cost analysis is carry out to check the performance of 

modified solar still compare to conventional solar still.  

Results & Comparison 

 An experimental result for all objectives with schematic diagram of experimental set up is 

shown below sequentially. 

I. To Determine optimum thickness of basin insulation to reduce the loss of the heat 

from bottom of solar still. 

During experimental work three solar stills were prepared with different insulation 

thickness of 3cm, 6cm and 10cm. Different parameters like water temperature (Tw), inner 
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glass cover temperature (Tgi), ambient temperature (Ta), solar intensity (I), hourly distillate 

output (l/m
2
), and cumulative distillate output are measured (l/m

2
). All experimental 

readings from morning 7:00 a.m to next day morning 6:00 a.m were recorded for all 

experimental days. In figure 5 the schematic diagram of experimental set up is shown. 

 

 

FIGURE 5. Schematic of experimental set up with insulation thickness of (a) 3cm, (b) 6cm       

and (c) 10cm 

 

 

After experimental work following points were summarized. 

 The distillate output obtained for insulation thickness of 3cm, 6cm and 10cm were 

1.224 l/m
2
, 1.622 l/m

2
 and 1.624/m

2
 respectively. 

 The increase in insulation thickness increases the production of the solar still by up to 

80%, partly due to the increase in the operating temperatures of the still. 

 With optimum thickness of insulation bottom heat loss could be minimized, which 

enhances the distillate output of solar still 

 The well insulated still has a higher nocturnal production because of the continuous 

production during off sunshine hours. 

 The productivity of the still is affected significantly by using thermal insulation up to 

a thickness of 6cm and asymptotically afterwards. 
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II. Design and fabricate the three solar stills with different attachment of fins and tested 

them to determine best configuration. 

An experiment was done to compare distillate output between conventional solar still, 

solar still with vertical fins and solar still with inclined fins. Experimental readings were 

taken during the month of September 2019 to November 2019. In figure 6 the schematic 

diagram of experimental set up is shown. During experimental work different parameters 

like Ambient temperature (Ta ºC), Sola intensity (I w/m
2
), Water Temperature (Tw ºC), 

Inner glass cover temperature (Tgi ºC), Wind speed (v m/s) etc. are measured for different 

solar stills. To achieve the better performance in the entire three solar still a constant depth 

of water of 3cm is maintained. 

 

FIGURE 6. Schematic diagram of experimental set up (a) Conventional solar still (b) solar still with 

vertical fins (c) solar still with inclined fins 

After experimental work following points were summarized. 

 Attachments of fins with solar still increases heat transfer area of basin, hence higher 

distillate output could be achieved. 

 The distillate output obtained for conventional solar still (CSS), solar still with vertical 

fins (SSWVF) and solar still with inclined fins (SSWIF) are 1.91 l/m
2
, 2.35 l/m

2
 and 2.50 

l/m
2
 respectively. 

 The solar still with vertical fins (SSWVF) and solar still with inclined fins (SSWIF) gives 

24.19% and 26.77% of more distillate output than CSS. 
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 There is not major variations was found in distillate output between SSWVF and SSWIF. 

III. Design air cooled condenser and attached with best modification and compared with 

conventional solar still. 

The productivity of solar still is affected with heat losses. In conventional solar still 

heat losses occurs from bottom and top surfaces of solar still. Using proper insulating 

materials the bottom and side losses can be reduced. To reduce heat losses from top of the 

glass cover researchers have used technique like, water sprinkling, external fans, reflectors, 

condensers etc. It is necessary to reduce the glass cover temperature of solar still. Higher 

the difference of water and glass covers temperature increases the heat losses (Hassan et al. 

[23]).  Researchers have found that with attachment of condenser more space available to 

condense the vapor, hence the loss of heat can be reduced (Kabeel et al. [24]). In this 

experimental work a zig zag shaped air cooled condenser is used to maintain the difference 

of temperature between water and glass cover. Here a condenser is made from galvanized 

iron (GI) material. During experimental work a comparison is made between conventional 

solar still and sola still with condenser. In figure 7 the schematic diagram of experimental 

set up is shown. During measurements the different temperature values for ambient 

temperature (Ta ºC), water temperature (Tw ºC), condenser temperature (Tcond. ºC), inner 

glass cover temperature (Tgi ºC), solar intensity (I w/m
2
) and wind speed were measured.  

 

 

FIGURE 7. Schematic diagram of experimental set up integrated with zig zag shape air cooled 

condenser 
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After experimental work following points were summarized. 

 ZigZag shaped air cooled condenser gives more space to condense the vapor than 

ordinary condenser. 

 The distillate output obtained for conventional solar still and solar still with zig zag 

shape air cooled condenser were 1.750 l/m
2
 and 2.190 l/m

2 
respectively. 

 Attachment of air cooled condenser with solar still increase the distillate output. 

 The condenser store the excess heat during the day period and releases on night time, 

hence the nocturnal productivity of solar still could be increased. 

 Solar still with zig zag shape air cooled condenser gives 23.59% higher distillate 

productivity than conventional solar still. 

 

 

IV. Integrate various sensible heat storage materials in solar still with fin and condenser 

and compared with conventional solar still. Attach evacuated tubes with above said 

configuration and tested with and without evacuated tubes 

Performance of solar still could be achieved with higher basin water temperature 

and lower inner glass cover temperature. Generally, to enhance the performance of solar 

still, evacuated tubes are attached, which preheat the water inside the basin of solar still and 

increase the evaporation rate of still (Shafii et al. [25]. Shanmugan et al. [26] proved that 

the addition of energy storage materials increases the day-night productivity of solar still. 

In this experimental work, single basin single slope solar still is modified with the 

attachment of condenser, evacuated tubes, and energy storage materials. In experimental 

work, a zig-zag shape air-cooled condenser, six evacuated tubes, black color glass ball, 

black granite, and white marble stones were used as energy storage materials. Figure 8 

shows the schematic diagram of the experimental setup. During experimental work, the 

values of the different parameters for ambient temperature (Ta ºC), water temperature (Tw 

ºC), condenser temperature (Tcond. ºC), inner glass cover temperature (Tgi ºC), solar 

intensity (I w/m
2
), and wind speed were measured.  
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FIGURE 8. Schematic diagram of experimental set up (A) conventional solar still, (B) solar still with evacuated 

tubes, condenser, fins, and absorbing materials 

 

 

After experimental work following points were summarized. 

 Attachment of evacuated tubes with solar still preheats the water inside the basin and 

increases the evaporation rate. 

 Attachment of zig zag shape air cooled condenser maintains the difference of 

temperature between water and inner glass cover; hence heat losses from the glass 

cover could be reduced. 

 Attachment of fins increases the heat transfer area of basin. 

 Addition of energy storage materials increases the heat storage capacity of solar still. 

 The different attachments in modified solar still enhances its distillate productivity. 

 The total daily distillate output of modified solar still and conventional solar still were 

3.920 kg/m
2
 and 2.260 kg/m

2
 respectively. 

 The modified solar still gives higher nocturnal distillate output than conventional solar 

still due to integration of energy storage materials. 

 The modified solar still gives 73.45% higher efficiency than conventional solar still. 

 

V. To carry out life cycle cost analysis of system. 

I. Energy-Exergy Efficiency Analysis 

Performance of any solar still could be found with the help of energy-exergy analysis. It 
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also helps to find out the economic performance of solar still. The different thermal 

parameters like Pbw, Pig, he,bw-ig, hc,bw-ig, L, Exe,bw-ig, Exc,bw-ig were calculated during the 

analysis.  

 

In Table 1 the calculated value for different parameters for energy-exergy analysis are 

shown. 

TABLE 1 Measured parameters of Energy-Exergy analysis for CSS and MSS 

Sr. Parameter Unit CSS MSS 

1. Partial pressure of basin water vapor (Pbw) N/m
2
 8956.2 12048.85 

2. Partial pressure of inner glass surface (Pig) N/m
2
 5982.8 7280.75 

3. Evaporative heat transfer coefficient ( he,bw-ig) W/m
2
 K 13.28 17.84 

4. Convective heat transfer coefficient ( hc,bw-ig) W/m
2
 K 1.949 2.208 

5. Exergy for evaporation ( Exe,bw-ig) Joule 23.66 59.49 

6. Exergy for convection  ( Exc,bw-ig) Joule 3.52 7.36 

7. Latent heat of vaporization (L) J/kg 3056519.99 3041591.64 

8. Exergy Efficiency (ƞexe) % 4.99 12.55 

9. Energy Efficiency (ƞenergy) % 25.08 43.29 

 

 

II. Economic & Environmental Analysis of Conventional and Modified solar still 

 

 Economic analysis of CSS and MSS 

The manufacturing cost of any solar still is very important for economical point of view. 

The different parameters like cost of materials, equipment used for manufacturing of solar 

still, the cost of distilled water production and annual performance of solar still are very 

important parameters consideration for economic analysis. Table 2 represents the cost 

analysis of modified and conventional solar still. In economic analysis total manufacturing 

cost, cost of distilled water per liter and primary annual charge (PAC) for modified and 

conventional solar still were found. 

 
TABLE 2 Cost analysis of MSS and CSS 

Sr. Instrument CSS 

(Rs.) 

MSS 

(Rs.) 

1. Absorber surface area of M.S Plate 2400/- 2400/- 

2. Plywood  and Insulating Material 1725/- 1725/- 
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3. Glass cover (Transparent) 675/- 675/- 

4. Paint of Black color 525/- 525/- 

5. Distilled water collector 112/- 112/- 

6. Sealant 188/- 188/- 

7. Evacuated tubes (6 nos.) - 3900/- 

8. Fins - 250/- 

9. Condenser - 525/- 

10. Total cost 5625/- 10,200/- 

11. Primary Annual Charge (PAC) 725.25/- 1312.5 

12. Full day distillate  (L/m
2
) 2.26 3.92 

13. Yearly distilled water generation (L/m
2
) 678 1176 

14. Cost of Water/L (Rs.) 0.97 1.12 

 

 Environmental analysis of CSS and MSS 

In environmental analysis, the value of exergy generation and carbon credit production 

(CCP) were found for both CSS and MSS. In modified solar still fins, evacuated tubes, 

condenser and energy storage materials like black color glass ball, black gravels and white 

marbles stones were added. Generation of exergy and CCP are very important parameters 

for environmental point of view. In Table 3 the different parameters of environmental 

analysis for CSS and MSS are shown. Exergy value is very important to check the 

performance of solar still and to minimize the losses of solar still. Carbon credit is very 

important factor for generation of carbon dioxide (CO2). It is very important parameter for 

environmental aspect. Hence carbon credit generation in year was found for both CSS and 

MSS.  

 TABLE 3 Environmental analysis of MSS and CSS 

Sr. Parameters CSS MSS 

1. Yearly total life of SS In years 10 10 

2. Yearly distillate yield (L/m
2
) 678 1176 

3. PAC (Rs.) 725.25/- 1312.5/- 

4. Exout, (W) 10.22 20.16 

5. Rex (W/Rs.) 0.014 0.015 

6. ϕex, CO2 (t CO2/year) 0.20 0.40 

7. CCP  (USD/year) 2.9 5.8 
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7. Achievements with respect to objectives 
 

Sr. 

No. 
Objectives 

 
Completed or 

not 

Achievement 

1. 

Determine optimum 

thickness of basin 

insulation to reduce the 

loss of the heat from 

bottom of solar still. 

• Completed.  

 

• Three Review Papers 

Published in following 

journals 

I. International journal of 

ambient energy (Scopus 

Indexed) 

II. Desalination and water 

treatment (SCIE indexed) 

III. International journal of 

ambient energy (Scopus 

Indexed) 

2. 

Design and fabricate the 

three solar stills with 

different attachment of 

fins and tested them to 

determine best 

configuration. 

• Completed.  

 

• One Review and One 

Research Paper Published 

in following journals 

I. Groundwater for 

sustainable development 

(Scopus Indexed) 

II. Ground water for 

sustainable development 

(Scopus Indexed) 

3. 

Design air cooled 

condenser and attached 

with best modification 

and compared with 

conventional solar still. 

 

• Completed. 

 

• One review paper published 

in following journal 

I. Heat Transfer (WoS 

Indexed) 

• Two Patents filed 

I. Application 

no.202021056590         

Date: 28-12-2020 

II. Application no. 339574-001 

Date: 22-02-2021 

4. 

Integrate various sensible 

heat storage materials in 

solar still with fin and 

condenser and compared 

with conventional solar 

still. Attach evacuated 

tubes with above said 

 

• Completed. 

• One research paper published 

in following journal 

I. Case study in thermal 

engineering (SCIE Indexed) 
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configuration and tested 

with and without 

evacuated tubes. 

5. 
To carry out life cycle cost 

analysis of system. 
• Completed. 

• Research Paper accepted for 

publication in following 

journal  

I. Case studies in Thermal 

Engineering of Elsevier (SCIE 

indexed)  

 

8. Conclusion 

 An experimental study found that the distillate productivity of conventional solar still 

remains lower compared to modified ones. The following points were summarized after 

experimental work: 

1. The distillate output obtained for insulation thickness of 3cm, 6cm, and 10cm were 1.224 

l/m
2
, 1.622 l/m

2
, and 1.624/m

2 
respectively. 

2. It was found that solar still having insulation thickness up to 6 cm, increases the distillate 

productivity up to 80% and asymptotically afterward. 

3. The distillate output obtained for CSS, SSWVF and SSVIF were 1.91 l/m
2
, 2.35 l/m

2
 and 

2.50 l/m
2
 respectively.  

4. SSWIF and SSWVF give 26.77% and 24.19% more distillate output than conventional 

ones. There is a not major variation in distillate output was found between SSWIF and 

SSWVF. 

5. The distillate output obtained for solar still with zig-zag shape air-cooled condenser and 

conventional solar still were 2.220 l/m
2
 and 1.780 l/m

2
 respectively. The attachment of zig-

zag shape air-cooled condenser with solar still give 23.59% more distillate output than 

conventional solar still. 

6. Solar still with attachments of evacuated tubes, zig-zag shape air-cooled condenser 

increases the temperature of basin water and maintains the lower inner glass cover 

temperature compared to conventional solar still. 

7. The distillate output obtained for CSS and MSS were 2.260 l/m
2 

and 3.920 l/m
2
 

respectively. Also in modified solar still higher daily efficiency could be achieved 

compared to conventional solar still. 

8. Different energy storage materials like a black color glass ball, black gravels, and white 

stone with MSS gives better performance during the night period compare to without it. 
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9. An energy storage material stores the energy during day time and releases it during night 

hours, hence higher nocturnal productivity could be achieved in MSS compare ton CSS. 

10. The MSS generates the maximum value in evaporation of exergy in the afternoon time but 

shows lower convection of exergy during that period than CSS. The energy and exergy 

efficiency obtained for CSS and MSS were 25.08% & 43.29% and 4.99% & 12.55% 

respectively.  

11. In MSS with attachment of evacuated tubes, zig-zag shape air-cooled condenser, the cost of 

produced water per liter remains 15.46%  higher than conventional solar still. 

12. In the view of environmental assessment, the CO2 mitigation for CSS and MSS were 

0.2t/year and 0.40 t/year respectively based on the exergy approach. The additions of 

energy storage materials with MSS are effective from an exergo-economic and carbon 

credit point of view. 
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