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ABSTRACT 

Phase change materials (PCM’s) are widelyused in different solar applications to store the solar radiations 

during sunny hours and releases the stored heat after sunset. Different phase change materials (Paraffin wax, 

ParaffinC18, Paraffin 52-58, Bees wax, Paraffin oil, Lauric acid, Stearic acid, Bitumen, Capric-palmitic, 

Calcium chloride hexa hydrate, Sodium Thiosulphate Penta hydrate etc.) have been used for different solar 

applications due to their various properties like low melting points, high heat of fusion and low cost. In solar 

distillation, use of PCM is simple and cost effective method to store the solar energy at high insolation hours 

and releases at evening/night hours. In solar distillation phase change materials help toenhance the distillate 

output and its performance.It has been observed from various researches that with the use of PCM the working 

time of solar distillation system can be increased by 3-4 hours and the distillate output is also increased by 50% 

to 160% depending upon the type of PCM used. The efficiency of the solar distillation system is also increases 

with the use of PCM. 
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I.INTRODUCTION 

Phase change materials are the substances that stores energy in form of latent heat by changing its phase at 

certain temperatures of melting and solidification. These substances have high heat of fusionthat are capable of 

storing and releasing high amount of heat during liquification and solidification respectively. PCM’s have a vast 

number of applications in industries and for domestic purposes. Common applications of phase change materials 

are in air conditioning, transportation, automobiles, house heating, for warming water, electronics, greenhouse 

effect etc [1]. In air conditioning, the warm air from the system is taken to the PCM chamber where the energy 

in form of heat is transferred to PCM and cool air is circulated back to the system under consideration such that 

it lowers the system temperature [2]. Schematic diagram for air conditioning using PCM is shown in fig. 1. 

 

Fig. 1: Air conditioning using PCM [2] 
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In transportation PCM is used to preserve food items while taking it from one place to another. Use of PCM is 

more important in transportation of medicines where it keeps the temperature of system within the limits. In 

automobiles PCM is used for air conditioning and for battery temperature management. PCM is also used to 

regulate the temperature of environment in greenhouse effect systems. PCM is utilized in desalination now 

adays for purification of saline water. 

Phase change materials are classified as organic and inorganic PCM’s. The bio based and lipid derived phase 

change materials are known as the organic PCM while salt hydrates PCM’s are known as inorganic PCM. These 

phase change materials have their own benefits and drawbacks. Some of the benefits of the organic PCM’s are 

(i) These substances freeze easily, (ii) These materials are self-nucleating and melts congruently, (iii) 

Segregation not occurs in organic PCM’s, (iv)These have comparatively high value of heat of fusion, safe, 

chemical stabilityand non-reactive, (v) These materials can be recycled. Along this they have some drawbacks 

like (i) The thermal conductivity of these PCM’s is low in solid state, (ii) Heat transfer required for freezing is 

comparatively high, (iii) These PCM’s are flammable and low volumetric latent heat storage capacity [3]. 

Other type of PCM’s are inorganic phase change materials, these also have their own specific benefits and 

drawbacks. Some of the benefits of the inorganic PCM’s are (i) These are available easily at low cost, (ii) The 

volumetric heat storage capacity is high for inorganic PCM’s, (iii) Inorganic PCM’s have high thermal 

conductivity and sharp melting points, (iv) These also have high heat of fusion, (v) Most of these are non-

flammable. These also have some disadvantages like (i) The volume change for these is high as compared to 

organic PCM’s, (ii) For changing the phase super cooling is required, (iii) Reactive to many materials, (iv) The 

melting is incongruous, (v) Loss of latent heat enthalpy during phase separation. 

Now a days PCM’s are widely used as thermal energy storage medium for a large number of solar applications 

such as solar distillation, solar refrigeration, solar domestic hot water systems etc. The property of PCM of 

storing and releasing heat can be utilized by storing the solar energy in PCM and then it can be utilized for 

different purposes. Solar energy is the purest, nonpolluting and renewable energy that can be converted in other 

forms and utilized for various purposes like generation of electric energy with solar cells or heat engines, for 

solar water heating, to purify water, solar cooking with the help of solar cookers etc [4]. 

Potable water is the basic and supreme need of human being but the availability of drinkable water is not up to 

the mark as per the requirement. The production of fresh water must be increased to fulfill the need of the 

communities at reasonable cost and also considering environmental safety. There are different ways to get pure 

water but desalination is in vogue for the production of fresh water using solar radiation as power source. In this 

technique, water gets evaporated using solar radiations. On the glass cover of the still the evaporated water 

vapors are condensed, this condensate is collected in form of pure water (potable). Now a daysdifferent methods 

to enhance the use of solar energy have been deployed in solar stills like improving its design (by making the 

still stepped and weir type), use of evacuated tube solar collector (ETC), use of wick, use of phase change 

materials (PCM’s), use of air blowers, condensers and reflectors etc. in solar stills [5]. 
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The major problem with solar energy is its unavailability on cloudy days and at nights. The use of PCM’s 

somehow reduced this problem. During the sunshine timethe solar energy is stored in the form of latent heat in 

PCM and can be utilized for operation after sunset. Phase change materials having low melting pointsare used in 

solar stills so that these can be melted easily under solar radiations [6]. Various PCM’s used for the solar 

distillation are Paraffin wax, ParaffinC18, Paraffin 52-58, Bees wax, Paraffin oil, Lauric acid, Stearic acid, 

Bitumen, Capric-palmitic, Calcium chloride hexa hydrate, Sodium Thiosulphate Penta hydrate etc. The 

commonly used PCM’s with their thermal properties are tabulated in TABLE 1. 

Table 1: Commonly used PCM’s with their thermal properties[7] 

S. No. Name of PCM Density 

(kg/m
3
) 

Heat of Fusion 

(J/g) 

Melting 

Point (
o
C) 

Specific Heat 

Capacity (J/g-

K) 

1. Paraffin Wax 900 200-220 42-68 2.14-2.9 

2. Lauric acid 1007 211.6 44.2 1.76 

3. Capric-palmitic 852 - 62.9 25.72 

4. Calcium chloride 

hexahydrate 

1710 - 30 16.69 

5. Sodium Thiosulphate 

Pentahydrate 

1667 - 48.3 - 

In the next section some important researches carried out on solar still with PCM is discussed. 

II.LITERATURE REVIEW 

Sharshir et al., (2017) modified a conventional solar still by using flake graphite nanoparticles (FGN), PCM 

(melting point 48
o
C) and glass cover film cooling on it. The experiment was performed in the geographical 

conditions of Wuhan, China and fig. 2 shows the symbolic representation of experimental setup. The use of 

FGN along with PCM gave 65% increase in distillate output and also the system working hours was reported to 

be increased by 2 hours after sunset [8]. A comparisonis made for distillate output per hour of the modified still 

and conventional still and shown in fig. 3. 
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Fig. 2: Schematic diagram of modified solar still [8] 

 

 

Fig. 3: Distillate output per hour [8] 

Kabeel et al., (2017) analyzed pyramidal solar still having PCM in it. The experiment is carried out under 

ambient condition of Tanta city, Egypt. The PCM (Paraffin wax, 44 kg) was used beneath the basin. The use of 
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PCM shows an increase in productivity by 87.4% as compared to the still without PCM. The cost per liter of 

distillate output was also reported to decreased from 0.0262 $/l to 0.0236 $/l using PCM. Symbolic 

representation ofthe setup is shown in fig. 4 [9]. 

 

Fig. 4: Schematic diagram of solar still [9] 

Thakur et al., (2017) performed an experimentation on simple solar still along with Al2O3 nano-fluid and PCM 

under climatic conditions of Jaipur Rajasthan, India. Circular tubes were used to carry the PCM. These PCM 

filled tubes were placed with in the solar still. As per the results the distillate output was reported to be increased 

after 3 p.m. with the use of PCM and nano-fluid [10]. 

Kabeel et al., (2017) performed an experiment on conventional solar still and the effect of different PCM’s on 

the total and hourly distillate output was analyzed for the system. PCM’s used during experimentation were 

paraffin wax, capricpalmitic, Calcium chloride hexa hydrate and stearic acid. From the results it was observed 

that the output was increased by 120 to 198 % and also the working time was increased by 2-3 hours when 

compared to the system without PCM. Use of capricpalmitic gave the maximum output among all (hourly as 

well as total). The result also showed that PCM increases the thermal resistance for losing heat [11]. 

Faegh and Shafii (2017) experimentally investigated the effect of PCM on solar still equipped with an external 

heat storage system (EHSS). The EHSS had heat pipes to transfer heat from PCM to the distillation unit. The 

experiment was carried out under geographical condition of Tehran. Paraffin wax was used as PCM during 

experimentation. Heat of vapour from the still was stored as latent heat by PCM which was later transferred to 

the basin by the means of heat pipe. From the results it was observed that the yield was increased by 86% when 

PCM was used as compared to the system without PCM. Also the working time of the system was increased by 

2 hours with the use of PCM. Fig. 5 shows the schematic view of experimental setup [12]. 
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Fig. 5: Schematic diagram showing heat transfer process by PCM [12] 

Kumar and Kabeel (2017) examined the effect of PCM on the productivity of a compound parabolic 

concentrate (CPC) concentric tubular solar still. The thermal storage medium used was paraffin wax with a 

quantity of 450 gm per tube. The experiment was carried out under the geographical conditions of Coimbatore, 

India. From the results it was observed that the productivity of the still was increased by 8% using PCM. The 

working time of experimental setup was also observed 1.5 hours more with the use of PCM. The experimental 

setup is shown fig. 6 [13]. 

 

Fig. 6: Compound parabolic concentrated (CPC) Concentric tubular solar still[13] 

Sarhadi et al., (2017) experimentally compared two weir cascade stills and studied the effect of PCM during 

sunny and cloudy days on them. The PCM used was placed under the basin of the experimental unit. From 

results the values of energy and exergy efficiencies of the system with and without phase change materialwere 

observed to be 65.45%, 3.9% and 76.69%, 6.53% respectively for a sunny day. On a semi cloudy day their 
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corresponding values were observed to be 65.04% and 8.63% respectively without PCM and 73.68% and 5.41% 

using PCM [14]. 

Kabeel and Abdelgaied (2016) performed an experiment on a solar still having single slope and laden PCM 

(paraffin wax). Experiment was performed under Egyptian conditions. The effect of PCM on the productivity of 

the system was examined. The results showed an increase of 67.18% in productivity using PCM [15]. 

Mohamed et al., (2016) analyzed numerically the efficiency of solar still having phase change material 

(Paraffin wax) for meteorological conditions of Eerachidia, Morocco. Increase in distillate output was observed 

while energy efficiency was reported to be decreased [16]. 

Samuel et al., (2016) analyzed the effect of spherical sponge salt balls (low cost energy storage material) on 

single slope solar still. The experimentation was done under the climate conditions of Chennai, India. It was 

observed from results that the distillate output quantity was increased to 2.7 kg/m
2
 from 2.2 kg/m

2 
with the use 

of energy storage material inside the still [17]. 

Kabeel et al., (2016) modified a solar still by introducing hot air to it and also investigated the effect of PCM 

(paraffin wax) on the performanceof the unit. The PCM was used below the basin of the system. The system 

worked for 3 hours more using PCM. The results showed an increase of 109 % in productivity as compared to a 

conventional solar still. Fig. 7 shows setup used for experiment [18]. 

 

Fig. 7: Schematic view of hybrid solar still [18] 

Shalaby et al., (2016) designed a single basin solar still having V-corrugated absorber plate (fig. 8) and 

investigated the effect of PCM on it. The PCM used was paraffin wax and experiment was performed under the 

climate condition of Egypt. From the results an increase was observed in productivity by 12% with PCM and 

wick and by 11.7% with PCM only [19]. 
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Fig. 8: Schematic diagram of solar still having V-corrugated absorberplate [19] 

Hari and Kishore (2015) fabricated and designed a stepped solar still. The effect of PCM on the system 

performance was studied. The PCM used was stearic acid and was placed under the steps. The experiment was 

carried out at Kurnool, Andhra Pradesh, India. From the results it was observed that the distillate output was 

increased with the use of PCM [20]. 

Chaichan et al., (2015) fabricated a hybrid conical solar still having a concentrator and studied the effect of 

PCM (paraffin wax) on the performance of the system. The experiment was done under the climatic conditions 

of Baghdad, Iraq. The results showed that working hours were increased for the system using PCM. The 

concentrating efficiency was increased by 50.47% while heating efficiency and productivity was increased 

about 157.8% and 783% respectively [21]. 

Chaichan and Kazem (2015) designed and fabricated a solar still having single slope. Aluminum powder and 

PCM (paraffin wax) were used to enhance its productivity and the distillation unit was tested under the climatic 

conditions of Baghdad, Iraq in winter weathers. The results showed an increase in productivity by 21.91% - 

25.51% as compared to system without PCM and aluminum powder [22]. 

Sathyamurthy et al., (2015) experimentally investigated a triangular pyramidal solar still and studied the effect 

of PCM on it. Experiment was carried out by introducing PCM (paraffin wax) under the basin of the system in 

the climate conditions of Chennai, India. The results gave an increment of 20% in the productivity of the system 

as compared to the system without PCM. The daily efficiency of system was reported to be 60% and 40% with 

and without the use of PCM respectively [23]. 

Sathyamurthy et al., (2015) experimentally analyzed the effect of PCM on a hybrid portable solar still for 

climatic condition of Chennai, India. The PCM was used in such a way that it divided the system in two 
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chambers that were evaporating and condensing. The maximum efficiency achieved was 14% which was 52% 

more efficient as compared to the system without PCM. The output obtained after sunset was about 34% of the 

total yield [24]. 

Kumar et al., (2015) examined a double slope solar still loaded with paraffin wax as PCM. This gave an 

increment of 61% in the distillate output as compared to the system without PCM [25]. 

Chaichan and Kazem (2015 a) investigated the effect of PCM (paraffin wax) on a hybrid conical solar still. 

The hybrid system consists of a concentrating disc, sun tracker and heat exchanger. The results showed that the 

working time of the system was increased approximately by 5 hours with PCM and its productivity was 

increased by 307.54%. Schematic view of experimental setup is shown in fig. 9 [26]. 

 

Fig. 9: The schematic diagram of conical distiller with concentrator [26] 

Sathyamurthy et al., (2014) analyzed the effect of water mass and PCM on triangular pyramid solar still. 

Paraffin wax was used as PCM under the basin of the system and the experiment was performed at climatic 

conditions of Chennai, India. The results showed an increase of nearly 35% in efficiency of system as compared 

to the system without PCM and the daily production was increased from 3.5 l/m
2
/day to 5.5/m

2
/day [27]. 

Al-Hamadani and Shukla (2014) experimentally examined the effect of myristic acid as PCM on a passive 

solar still under climate conditions of Varanasi, India. PCM used was under the basin of system. The result 

shows an increment of 35-40% in distillate output as compared to the system without PCM [28]. 

Ansari et al., (2013) made mathematical models of a passive solar still to check the effect of various PCM’s 

(Paraffin C18, Paraffin 52-54 and Paraffin wax). It was reported that the cost per liter of fresh water decreases 

using PCM [29]. 

Al-Hamadani et al., (2012) performed an experiment on solar still that was integrated with myristic acid, lauric 

acid as PCM’s under the basin.The experiment was carried out under the climatic conditions of Varanasi, India. 

For lauric acid energy and exergy efficiencies were found to be 39.6% and 0.29% respectively and for myristic 

acid their corresponding values were 34.4% and 0.74% respectively. Also the productivity with lauric acid was 

observed higher than that of myristic acid [30]. 
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Dashtban and Tabrizi (2011) constructed a weir cascade solar still and studied the effect of PCM on it. The 

PCM used was paraffin wax which enhanced the productivity by 31% as compared to that without PCM [31]. 

Abdallah et al., (2009) investigated the effect of different thermal storage material on the yield of solar still. 

The experiment was performed under climatic conditions of Jordan. The experiment was carried out with 

metallic wiry sponges and block volcanic rocks as thermal energy storage media. The results showed overnight 

productivity as 28%, 43%, and 60% of total water distillate using uncoated wiry sponges, coated wiry sponges 

and volcanic rocks respectively [32]. 

Naim and Kawi (2003) investigated the performance of non-conventional solar still using charcoal particles as 

energy absorber material under climatic conditions of Egypt. The experimental modification showed an 

increment of 15% in the total distillate output [33]. Some more researches carried out on solar stills having PCM 

are summarized in TABLE 2. 

Table 2:  Researches on solar stills having PCM 

S. No. Researcher(s) Type of solar still PCM used Conclusion/Remarks 

1. Kumar et al., (2013) 

[34] 

Hemispherical still 

coupled with concentrator 

Paraffin wax Increase of 26% in productivity was 

reported as compared to conventional solar 

still 

2. Rai and Sachan 

(2013) [35] 

Tubular solar still Stearic acid Total increase of 20% in productivity was 

observed with the use of PCM 

3. Gowtham et al., 

(2012) [36] 

Single slope solar still 

with concentrator 

Paraffin wax Distillate output of the system was 

increased by 48% 

4. Kantesh (2012) [37] Single basin double slope Bitumen With the use of PCM, the efficiency of the 

system reached upto 27% 

5. Chander and 

Gowtham (2011) 

[38] 

Hybrid solar still with 

solar concentrator 

Paraffin wax The productivity of modified solar still was 

improved by 54% with PCM.  

6. Al-Hamadania and 

Shukla (2011) [39] 

Single slope single basin 

solar still 

Lauric acid An increase of 127% and 30-35% in day 

and night productivity was observed 

respectively. 

7. Tabrizi et al., (2010) 

[40] 

Cascade solar still Paraffin wax PCM was concluded more effective on 

cloudy and semi cloudy days. 

8. El-Sebaii et al., 

(2009) [41] 

Single slope solar still Stearic acid Increment in productivity by 27% while 

using PCM in the system 

9. Radhwan (2005) 

[42] 

Stepped solar still Paraffin wax Efficiency reached up to 57% when 

compared to the system without PCM. 
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Summary 

PCM is a substance that stores energy in the form of latent heat by changing the phase. The stored energy in 

PCM can be utilized for other purposes. The use of PCM in solar distillation is simple and cost effective method 

to improve its overall performance. Different effective and commonly used PCM’s in solar distillation are 

Paraffin wax, ParaffinC18, Paraffin 52-58, Bees wax, Paraffin oil, Lauric acid, Stearic acid, Bitumen, Capric-

palmitic, Sodium ThiosulphatePenta hydrate etc. By the use of PCM the working time of solar distillation 

system can be increased by 3-4 hours and the distillate output can also be increased by 50% to 160%. Some of 

the important findings on use of PCM in solar distillation are- 

 The use of PCM is more beneficial on cloudy and semi-cloudy days. 

 PCM in solar distillation is more effective for lower basinwater mass. 

 PCM’s having lower melting point is more beneficial and effective to enhance the productivity of solar stills. 

 Daylight productivity is decreased a little bit using PCMwhile night hours productivity and total productivity 

is increased. 

 The cost per liter for hybrid solar distillation system using PCM is little bit higher as compared to 

conventional solar stills. 

 Efficiency of the system is enhanced by the use of PCM in the solar stills. 
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