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Abstract— Solar still is a device which purifies the brackish 

water to a potable water, by means of absorbing heat energy 

from sun. There is various type of solar stills, various still 

have been fabricated and tested for productivity; a review was 

made based on productivity. In the current paper the various 

experiment done by our colleagues for the enhancement of 

the solar still productivity is reviewed. An overview on solar 

stills such as tilted wick solar still, single slope and double 

slope; double basin with double slope, still integrated with 

PCM and with few other energy storage materials, which 

enhances the still’s productivity. The methods of 

incorporation of materials with various stills are also 

explained along with their quantity and results. the proposed 

system will handle the college working. 
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I. INTRODUCTION 

Solar distillation is a process through which the brackish 

water is vaporized by solar energy and by natural 

condensation it forms pure water. The equipment employed 

to perform this process is a solar still, which can be easily 

fabricated with the locally available materials. Further the 

energy used to convert brackish water into pure is freely 

available in abundance. Generally, solar stills are used in 

areas where piped or well water is impractical. Such areas 

include remote locations or during power outages. 

Distillation is therefore normally considered only where there 

is no local source of fresh water that can be easily pumped or 

lifted. One of the main setbacks for solar desalination plant is 

the low thermal efficiency and productivity. In areas that 

frequently loss power, Solar stills can provide an alternate 

source of clean water. A large use of solar stills is in 

developing countries where the technology to effectively 

distillates large quantities of water has not yet arrived. 

II. SOLAR STILL 

The solar energy from the sun heats the water in the basin and 

its temperature gets raised. Then the water gets vaporized and 

rises to the top, where it strikes the glazing surface. Due to 

the temperature difference between glazing surface and basin, 

the water gets condensed and flows down touching the glass 

surface inclined at certain angle. Stoppers are provided at the 

ends of the slope, so that the water is exactly directed to the 

distillate channel. Purified water is then collected by means 

of storage bottles placed outside the still. Plywood 

surrounding the basin acts as an insulator to prevent the heat 

loss from the basin. 

A. Types of Solar Stills: 

1) Single Basin Single Slope Solar Still: 

The still consists of a wooden base with glass wool which acts 

as an insulator. Galvanized plate is placed inside the wooden 

base where brackish water is stored. Glazing surface of 

required angle is set over the basin. Paraffin wax is placed in 

between the basin and wood which acts as the latent heat 

storage medium. It is a simple set up, integrated with wax to 

enhance the productivity of the still. Numerous researchers 

have done this work based on various parameters. 

 
2) Single Basin Double Slope Solar Still: 

This set up is same as the arrangement of the above still with 

an additional feature of double slope still integrated with 

paraffin wax. 

 
3) Pyramid Solar Still: 

Water from the storage tank enters the still through flexible 

hoses and a valve to maintain constant water level in the still. 

Poly vinyl chloride (PVC) hoses were used for greater 

flexibility. A small glass piece obstruction was fixed on the 

inside surface of the glass cover, to facilitate the deflection of 

the condensate return in to the collection channel, which in 

turn affixed with the still. The sliding water from the channel 

was transferred in to the measuring jar through the flexible 

piping. 
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4) Tilted Wick Solar Still 

This still consists of a flat rectangular basin, in which top 

surface is covered with glass plate. The basin is tilted to some 

inclination. The water is made to flow from the top, it is 

absorbed by the wick in the still. Due to fall of solar radiation 

the water in the wick evaporates. The basin is welded 

properly to ensure air tight. Flow of is intermittent not 

continuous. The tilt of the basin reduces the reflection loss in 

the still. Inner basin is coated with primer and the non-

reflective black paint. The glass is sealed by means of 

applying glass putty wax to its sides. The inlet and two outlet 

pipes are welded to prevent leakages. Various wick materials 

(terry cloth, jute cloth, fur fabric and polyester cloth) have 

been tested in these type of stills. These are more efficient in 

cloudy days, the maximum productivity of the still is 4.3 

litre/m2/day. 

 

III. LATENT HEAT STORAGE 

Phase change materials (PCM) are Latent heat storage 

materials. The thermal energy transfer occurs when a material 

changes from solid to liquid, or liquid to solid. This is called 

a change in state, or ‘‘Phase’’. Initially, these solid–liquid 

PCMs perform like conventional storage materials, their 

temperature rises as they absorb heat. Unlike conventional 

(sensible) storage materials, PCM absorbs and release heat at 

a nearly constant temperature. They store 5–14 times more 

heat per unit volume than sensible storage materials such as 

water, masonry, or rock. A large number of PCMs are known 

to melt with a heat of fusion in any required range. However, 

for their employment as latent heat storage materials these 

materials must exhibit certain desirable thermodynamic, 

kinetic and chemical properties. Moreover, economic 

considerations and easy availability of these materials has to 

be kept in mind. 

IV. RESEARCHES 

Mona M. Naim et al (2002) designed a still with PCM like 

paraffin wax and paraffin oil as energy storage medium to 

store excess solar energy at noon with its latent heat of fusion, 

which could be utilized during the off shine hours for 

production of distillate (4.536 l/m2). 

Mona M. Naima et al (2002) used energy storage 

material mixture in the analysis. The materials were mixed of 

paraffin wax, paraffin oil and water in which aluminum 

turnings added. During experiment found that maximum day 

and night productivity of the still was found 4.536 L/m2 at 

the saline water flow rate 40 ml/min and the still efficiency 

was 36.2%. 

A.M. Radhwan (2004) identified the effect of using 

PCMs in solar. The work involves the use of paraffin wax as 

a PCM in stepped solar still with built-in latent heat thermal 

energy storage for heating and humidification of agricultural 

greenhouse. 

Jinjiawei, et al (2005) have conducted studies on a 

PCM heat storage system for rapid heat supply. In numerical 

studies, the PCM was encapsulated in four different capsules 

(Sphere, cylinder plate and tube). They have found that, the 

sphere capsules showed the best heat release performance 

among the four types of investigated capsules whereas the 

tubular capsule with low void fraction was not ideal for rapid 

heat release of the thermal energy. 

El-Sebaii and Al-Ghamdi et al (2009) have 

conducted analysis and found the effect of PCM layer 

thickness over the basin material and the effect of mass flow 

rate of air on the glazing surface which gives a yield of 4.6 

liter/m2 with an efficiency of 57% has been obtained. 

A.A. El-Sebaii, A.A. Al-Ghamdi, F.S. Al-Hazmi, 

and A.S. Faidah, (2009) Another study involve the transient 

performance analysis of a single basin solar still that has 

single slope and integrated with stearic acid as a storage 

material beneath the basin liner of the still. Comparisons 

analysis of still with 3.3cm PCM (stearic acid) layer under 

water and without PCM reveals the daily productivity of 

9.005 (kg/m2) with an efficiency of 85.3% in summer season.  

Anantshukla, et al (2009) conducted a thermal 

cycling test on few selected inorganic and organic phase 

change materials. Inorganic PCMs were not found suitable 

after some cycles while thermal cycling for organic PCMs 

can be done up to 1000 thermal cycles and gradual change 

was found in melting temperature and latent heat of fusion. 

Velmurugan (2009) conducted comparison between 

the yield between solar still with and without PCM, the yield 

is 0.83 l/m2 & 1.27 l/m2. 

M.Gowtham,M.SharathChander,V.SriSailaMallikar

ujanan, and N.Karthikeyan (2011): Experiments carried out 

with solar distiller individuallyanalyzed having 54% higher 

productivity compared toconventional solar distiller. 

Analysis on maintaining lowerdepths were studied. Overall 

productivity based on thevarious materials (Paraffin wax 

(33.34%), Paraffin wax and Pebbles (42.85%), Paraffin wax 

and Sponges (38.41%), Paraffin wax and Mild steel scraps 

(54.08%)) was studied. 
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Swetha K and Venugopal J (2011), experimentally 

studied on a single slope single basin solar still by adding a 

heat reservoir under the liner of the basin using Lauric Acid 

as a phase change material. They observed that 13% 

increment when the still is used with sand as heat reservoir 

and 36% increment when the still is used with Lauric Acid as 

PCM. 

MikelisDzikevics, AivarsZandeckis (2014) 

conducted mathematical analysis on packed bed PCM storage 

system and concluded that for the given temperature profile, 

a multiple PCM system could store 23 % more energy 

compared to a water only system. The maximum temperature 

returning back to solar collector loop is around 20 °C lower 

in the multi PCM system. Overall multiple PCM system 

could provide larger heat capacity and lower temperatures at 

the bottom of the tank therefore increasing efficiency of solar 

collectors and system. 

S. Ramasamy and B. Sivaraman (Feb-2013) 

investigated Cascade solar still, by integrating it with Paraffin 

wax and one without the use of PCM. Based on the obtained 

results, he concluded that the hourly productivity is slightly 

higher in case of solar still with phase change material in 

typical sunny days. The maximum obtained total 

productivities are 1.85 l/ day and 2.040 l/day for 0.76 m2 area 

of still without and with use of LHTESS respectively. 

T. Arunkumar , D. Denkenberger , Amimul Ahsan , 

R. Jayaprakash (2013 April) - investigated a concentrator-

coupled hemispherical basin solar still with and without PCM 

(Copper balls loaded with wax) to enhance the productivity. 

The PCM becomes more effective at lower masses of the 

basin water during low sunshine hours. The daily productivity 

of the concentrator-coupled single-slope solar still with and 

without the PCM was found to be 4460 ml/m2/day and 3520 

ml/m2/day, respectively. 

S. Ravishankara, P.K. Nagarajanb, D. Vijayakumar and M.K. 

Jawahar (2013): These researchershave done comparative 

analysis of accumulated fresh water with and without PCM 

from the Pyramid solar still. Theyhave found that without 

PCM, fresh water production found to be an average of 4 

liters per day, whereas with PCM effect it is found to be 5.3 

liters per day. The increase in fresh water production found 

to be 24.52%. The continuous results showed that the daily 

efficiency was found to be 60% with PCM and 45% without 

PCM. 

M. Hasan Falih, Dr. Ajeet Kumar Rai, VivekSachan, 

Omar Mohammed I (March 2014): They conducted a 

comparative experimental work on two similar double slope 

solar stills. One solar still is filled with phase change material 

in the basin and water tray is kept over it. Experimental results 

showed that the productivity of the still with PCM was 42% 

higher than that of solar still without PCM. Daytime 

productivity of solar still with PCM was 5.4 % higher than 

that of without PCM. On the other hand in order to improve 

the productivity they used aluminium oxide with PCM. When 

10% Al2O3 is used in the PCM to enhance the thermal 

conductivity, a further 12% rise of daily productivity is 

recorded. The areas of the stills are 0.72m2 each, one with the 

PCM material (wax) of 2.5Kg &Aluminium oxide (AL2O3) 

of 0.25 kg.  

 

Sathyamurthya,Nagarajan.P.Kb,Subramani.Jb, 

Vijayakumar Dc, Mohammed Ashraf Ali.Kd, Ravishankar  

(2014). By their investigation on the experimental results of 

the triangular pyramid solar still under different water masses 

they concluded that the productivity of fresh water from solar 

still was higher at 20 kg water mass. The augmentation of 

daily production was increased from 3.5 to 5.5 l/m2/day. The 

efficiency of solar still was increased by 35% with PCM as 

storage. Also it is found that the effect of mass of PCM plays 

an important factor in designing the solar still. 

Maheep Kumar, Ajeet Kumar Rai, VivekSachan 

(2014): They conducted experiments on two identical solar 

still. A comparison is made between the performance of two 

stills with and without energy storage medium. Lauric acid, a 

phase change material, is used as a energy storage medium in 

the solar still. It is observed that an overall 13% rise in 

productivity is obtained when PCM is used in the solar still. 

This will further improve in summer season when there is 

high temperature in the day time for a longer duration. 

Ali A. F. AL-Hamadani and Shailendra K. Shukla 

(2014): Their study showed that the potential of integration 

of phase change material with solar still system for producing 

potable water in rural, semi urban and urban areas throughout 

the day and night. The preliminary results show that the 

system dramatically increases the productivity of 35-40% as 

compared to conventional solar stills. Further it was found 

that the highest productivity rate varied with the least water 

depth in the basin of solar still system. It is also noted that for 

this particular shape and size of the distillation system for 

getting higher heat transfer, which in turn gives highest 

productivity, 20 kg mass of PCM (i. e. myristic acid) should 

be loaded in the chamber. 

M. MujahidRafique, M. Khalil Anwar, Hafiz M. 

Abd-ur-Rehman (2015) in their experimental analysis 

conducted on a single slope solar still has identified that with 

PCM, the still yields more than a conventional still. 

Miqdam TChaichan and Hussein A Kazem-(2015). 

They conducted a practical study to examine the 

enhancement single slope solar distiller productivity by 

adding paraffin wax to the still base and sides. Aluminium 

powder was mixed with paraffin wax to enhance its thermal 

conductivity. Three distillers were fabricated: one without 

any modification, the second still is made to be integrated 

with PCM (4.8 kg of wax) material. The third one used PCM 

with aluminium powder (48 gram) to enhance its thermal 

conductivity. The study revealed that adding paraffin wax, 

improved the solar distiller productivity with 6.11% in 

January and 10.38% in February compared to simple solar 

distiller. While, adding aluminium powder to paraffin wax 

enhanced its productivity by 21.91% in January and 25.51% 

in February compared to simple solar distiller productivity. 

Charging and discharging time for aluminium powder-PCM 

is reduced, compared with other cases, due to better thermal 

conductivity. 

MiqdamT.Chaichan a, HusseinA.Kazem (2015): 

Conducted tests on a concentrating distillation system 

consisting of concentrating dish, heat exchanger, and conical 

distiller. Conclusions drawn are:  

1) Tracking the sun by concentrating dish cause:  

 Increased water temperatures in the     distiller with about 

50.47%.  
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 Increased system concentrating efficiency to about 

41.63%.  

 Increased system heating efficiency of  about 37.33%.  

 Increased system productivity by about 180%.  

   

2) Adding PCM to heating water system with a solar 

concentrator caused:  

 Increased system working time (3 hours).  

 b. Improved system concentrating efficiency ( 21.64%).  

 c. Increased system heating efficiency of about 36.33%.  

 d. Increased system productivity by about 53.21%.  

             

3) Tracking the sun by concentrating dish  with              

adding PCM to heating water system caused:  

 Increased system working time with about 5 hours. 

 Improved system concentrating efficiency to about 

64.07%.  

 Increased system heating efficiency of about 112.87%. 

V. CLASSIFICATION OF PHASE CHANGE MATERIALS 

 

VI. ENHANCEMENT IN PCM MATERIALS 

M. Gowtham, K. Richard Neiel, V. Nagarajan, P. 

ChristhuDass, and A. Thimothy (2012): After the series of 

experiment conducted in solar distillers, Analysis was made 

between two types of basin. Sponges were added to increase 

the exposure area by capillarity effect. It is observed that due 

to the presence of sponges, the water output is increased to 

40.83% in latent heat storage distiller and 19% increase in 

tray basin type, while comparing with the plain basin type. 

Due to the presence of sponge and pebbles, the overall water 

output is increased to 42.85% in latent heat storage solar 

distiller and 25.11% increase in productivity for tray type 

basin, when compared to conventional distiller. Mild steel 

scraps, which have good heat storage capacity and thermal 

conductivity. When mild steel scrap is added it increases the 

productivity to themaximum of 48.08% in latent heat storage 

type and 29%increase in tray type distiller when compared to 

conventional type. 

 

Harald Pointner, Wolf-Dieter Steinmann, Markus 

Eck (2013): They investigated the various thermal storage 

systems and found that current PCM storage systems mainly 

have a conceptual disadvantage while discharging. The 

thermal power decreases over time due to a growing and 

isolating layer of crystallized PCM on the heat exchanger. 

Systems with locally fixed storage material, all of which 

show this mentioned behavior, are defined as stationary PCM 

concepts. Moving PCM concepts by contrast, make use of 

locally unfixed PCM offering the possibility to remove the 

isolating layer of frozen PCM. Thus a constant thermal power 

over time is possible. PCM Flux, as a new representative of 

moving PCM concepts, is described. The theoretical 

background including all necessary equations are shown. The 

dimensionless number Kflux as a correlation of the PCM 

block`s velocity and the resulting thermal power is 

introduced. An example of a non-optimized configuration 

stated in this article shows a nearly constant power over time 

at a level of 2167 W/m2, that can be easily and fully 

controlled by the storage material`s velocity. PCM Flux is 

considered to be a very promising concept, eliminating the 

problem of decreasing thermal power with time. Together 

with its full control and the high maximum possible heat 

fluxes, PCM Flux has the potential to decrease the storage 

unit costs for direct steam generating solar power plants 

significantly and to increase the storage’s performance 

compared to the state-of-the-art system. Further research will 

deal with an experimental setup to compare the presented 

theory with practice. 

D. Verdier, A. Ferriere, Q. Falcoz, F. Siros, R. 

Couturier (2013): They conducted experiments related to the 

thermal behavior of PCM’s and made a test-bench, made of 

copper fins filled with PCM, offers the possibility to study the 

thermal behavior at different temperature levels between 600 

and 800°C. A numerical model of the test-bench has been 

developed in order to simulate the thermal behavior and to 

determine the needed time to charge and discharge the TES. 

Work is still in progress, with the step one using paraffin wax 

at low temperatures, in order to determine how important the 

convective effects and the fins effect are. In the step two, the 

test-bench will be filled with lithium carbonate instead of 

paraffin wax, in order to work at very high temperature. 

B. Muñoz-Sáncheza, I. Iparraguirre-Torresa, V. 

Madina-Arresea, U. Izagirre-Etxeberriab, A. Unzurrunzaga-

Iturbeb and A. Garcia-Romero (2014): A theoretical design 

of PCM encapsulations of a thermocline thermal storage 

system for CSP has been developed. According to the system 

requirements, several PCM have been selected along with 

inert materials to contain them. Encapsulation procedures 

have been also technically evaluated for every option. It has 

been appreciated that encapsulation of these high temperature 

PCM is a complex field and a deep analysis of possible 

alternatives have been performed. Designing work is 

currently going ahead by developing an accurate estimation 

often capsulation cost at industrial level for all the selected 

PCM and structural materials. This is a critical issue to define 

the best material and to evaluate the economic interest of the 

proposed system. Having this into account, it is envisaged 

that the best encapsulation techniques are using preformed 

shells for metallic PCM and creating external coatings for the 

salt PCM. 
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Yi Jin, Qingming Wan and Yulong Ding (2015): 

They constructed a paraffin based composite phase change 

materials (PCMs) with different expanded graphite 

(EG)concentration were prepared in the vacuum condition 

and at the ambient pressure. The heat transfer performance 

and the thermal stability of these composite PCMs were 

evaluated. Although the latent heat of the composite PCMs 

were lower than that of the pure PW, the heat transfer 

performance was significantly improved after the EG 

addition. The thermal cycling test results confirmed the 

thermal stability of the composite PCMs prepared either in 

the vacuum condition or at the ambient pressure. The work 

presents that sample prepared in the vacuum condition can 

achieve well dispersed and good thermal stability. 

Mahdi et al. studied the tilted solar still design and 

construction with charcoal as wick material. Anburaj et al. 

studied the inclined solar still with rectangular grooves and 

different energy absorbing materials. Eltawil et al. studied the 

performance of wick solar still integrated with evacuated tube 

collector, used jute linen woven fabric as wick material. 

Hiroshi Tanaka et al. studied tilted wick solar still with 

reflector. Kalidasa et al. studied the performance of inclined 

solar still with different wick materials. 

VII. CONCLUSION 

1) From the above study it is more preferable to use Paraffin 

wax as a thermal storage medium in solar stills which 

enhances the productivity than any other material. 

2) Paraffin wax along with some energy storage mediums 

like Al2O3, Pebbles, Sponge, Mild Steel scraps can be 

utilized. 

3) Paraffin wax has low thermal conductivity in solid state, 

which presents a problem when high heat transfer rates 

are required during the freezing cycle. This can be 

overcome by using combination of materials which are 

mentioned above. 

4) Paraffin waxes have a large volume change between the 

solid and liquid stages. So, the area surrounding the wax 

material should be well calculated. 

5) Lauric acid used as a PCM material enhanced the overall 

productivity by 13%. 

6) Paraffin wax with aluminium powder can be used as a 

combination to increase the productivity to maximum of 

25% in sunny days. 

7) Tilted wick stills show better productivity even in winter 

season and are more efficient; but difficult in 

construction and operation. 
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