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Abstract. The use of energy storage materials in a solar distillation system is intended to increase 
condensate production by making changes in the temperature of the system change slowly, not 
following fluctuations in the intensity of solar radiation that can change quickly and drastically. One 
of the effective energy storage systems is the use of Phase Change Materials (PCMs), materials that 
involve a phase change process in storing and releasing heat, because the latent heat involved in the 
phase change process has a large enough value under constant temperature conditions so that 
temperature stability in the system is achieved. The choice of PCM type used in solar distillation is 
determined by the average temperature that can be reached by the water in the basin, which is strongly 
influenced by local environmental conditions. This study compares the productivity of the distillate 
produced by the double slope solar distillation system that uses Lauric Acid as PCM and that does 
not use PCM. Both studies were conducted at the same time. The optimal amount of LA that must be 
added to the solar distillation system to get the highest increase in condensate production value is 
7.54 kg of Lauric Acid  for 64.8 kg of raw water.. 

Introduction 
Water is a very important need for human life, especially clean and healthy fresh water. Scarcity 

and difficulty in getting clean and suitable fresh water is a problem that has begun to appear in many 
places on the coast. Most of the water sources obtained are salty water. So to get clean water, it is 
necessary to process water that is not suitable for consumption into fresh water, clean water and 
suitable for consumption.  

There are several methods that can be used to convert unfit water into clean water, including 
through the following processes: boiling, filtering, distillation and others. The boiling process will 
destroy the germs and bacteria present in the raw water, but the impurities are still clearly visible. On 
the other hand, the filtering process can separate the impurities contained in the raw water but cannot 
destroy the germs and bacteria present in the filtered water. Meanwhile, in the distillation process, 
the resulting condensate water will be free from germs, bacteria and other impurities. The process of 
treating water from seawater, brackish and waste water into fresh water through a distillation system 
has been widely proposed.[1][2][3][4] 

Optimizing the use of solar energy in the water distillation process was developed through a cover 
glass design as proposed by several previous researchers; single and double slope glass roof designs 
with various angles of inclination.[5][6][7][8][9][10]. 

Technology of energy storage material was developed to anticipate weather changes due to 
fluctuations in the intensity of solar radiation that cannot be controlled. With the use of energy storage 
materials, the heat change process in the system becomes more stable. In general, the largest capacity 
of the material to store and release energy occurs during the phase change process. The material will 
absorb and store the energy it receives by changing the solid phase into a liquid and will release 
energy when the reverse phase change occurs. Several researchers have shown that the use of energy 
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storage materials in solar distillation systems can not only increase condensate productivity but also 
reduce productivity.[11][12][13][14][15].  

The use of energy storage materials with a phase change temperature higher than the temperature 
that can be achieved by the system, which depends on environmental conditions, can hamper the 
productivity of condensate formation. The use of Myristic Acid in solar distillation systems in 
Indonesia shows a decrease in condensate productivity due to high melting temperatures of Myristic 
Acid  reaching 58 ˚C [13]. While the use of sodium thiosulfate pentahydrate as an energy storage 
material in solar distillation systems in Indonesia shows a significant increase in the value of 
condensate productivity.[14]..  

The thermodynamic characteristics of PCM materials that can be used in distillation systems 
include [11]: 

1. High enthalpy value. 
2. Suitable phase change temperature.  
3. High latent heat.  
4. High density.  
5. High thermal conductivity.  

This study examines whether the use of LA as an energy storage material through phase changes 
can be effective in solar distillation and according to the climate in Indonesia. 

Experimental Setup 
The research was conducted using the same two solar distillation units where one unit was added 

with a pipe containing lauric acid in the raw water storage basin, while the other unit did not. Solar 
distillation units consists:  

- Raw water storage basin : 108 cm x 60 cm and height 30 cm. Insulated side walls and bottom  
- Cover glass with a thickness of 5 mm is installed with a double slope system and an angle 

of 45 degrees 

 

 
 

Figure 1. Solar distillation equipment. 
 
Solar distillation equipment is shown in Figure 1.Some of the measuring tools installed on the test 

equipment include: 
1. Thermocouple connected to Arduino mega 2560  for measure :  

• Tw  = Temperature of water in basin 
• Ta   = Temperature of air under the cover glass.  
• Tgo  = Temperature of the outer cover glass 
• Tgi   = Temperature of the inner cover glass 
• T~   = Temperature of ambient air 

2. Lux meter BH1750 connected to Arduino mega 2560 to measure the intensity of solar 
radiation.  
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Methodology 
The research was conducted simultaneously for a solar distillation system with Lauric Acid as 

PCM and a solar distillation system without PCM. For the same conditions, observations were carried 
out 3 times with observation times from 7.00 to 17.00. The amount of Lauric Acid used as PCM 
varies: 6 kg, 7 kg and 8 kg.  
 

Non PCM testing versus 6 kg PCM testing. The average temperature of the 3 tests is shown in 
Figure 2 (a). Tw1 is water temperature in the basin without PCM, Ta1 is air temperature in solar 
distillation without PCM, and subscript 2 for system with 6 kg PCM. Figure 2 (b) shows solar 
radioation intensity and condensate production during the day (from 07.00 until 17.00) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                       (b) 
Figure 2. (a) Temperature measurement for non PCM (1) and with 6 kg PCM (2) 
(b) Average of solar radiation intensity and condensate production during the day. 

 
Condensate production in 24 hours (7.00 to 7.00 the next day) for three times of data collection is 

shown in Figure 3. Condensate production from solar distillation system with 6 kg Lauric Acid as 
PCM and without PCM. 

 

 
 

Figure 3. Total condensate production in a day and night 
for solar distillation non PCM and 6 kg Lauric Acid as PCM. 

 
Non PCM testing versus 7 kg PCM testing. The average temperature of the 3 tests is shown in 

Figure 4(a). Tw1 is water temperature in the basin without PCM, Ta1 is air temperature in solar 
distillation without PCM, and subscript 2 for system with 7 kg PCM. Figure 4 (b) shows solar 
radiation intensity and condensate production during the day (from 07.00 until 17.00) 
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(a)                                                                                 (b) 

Figure 4. (a) Temperature measurement for non PCM (1) and with 7 kg PCM (2) 
(b) Average of solar radiation intensity and condensate production during the day. 

 
Condensate production in 24 hours (7.00 to 7.00 the next day) for three times of data collection is 

shown in Figure 5. Condensate production from solar distillation system with 7 kg Lauric Acid as 
PCM and without PCM. 

 

 
 

Figure 5. Total condensate production in a day and night 
for solar distillation non PCM and 7 kg Lauric Acid as PCM 

 
Non PCM testing versus 8 kg PCM testing. The average temperature of the 3 tests is shown in 

Figure 6(a). Tw1 is water temperature in the basin without PCM, Ta1 is air temperature in solar 
distillation without PCM, and subscript 2 for system with 8 kg PCM. Figure 6(b) shows solar radiation 
intensity and condensate production during the day (from 07.00 until 17.00)  
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(a)                                                     (b) 

 

Figure 6. (a) Temperature measurement for non PCM and with 8 kg PCM 
(b) Average of solar radiation intensity and condensate production during the day. 

 
Condensate production in 24 hours (7.00 to 7.00 the next day) for three times of data collection is 

shown in Figure 7. Condensate production from solar distillation system with 8 kg Lauric Acid as 
PCM and without PCM.  
 

 
Figure 7. Total condensate production in a day and night 

for solar distillation non PCM and 8 kg Lauric Acid as PCM 
 

The results of three tests showed that the use of Lauric Acids (6 kg, 7 kg and 8 kg) as PCM in solar 
distillation increased the productivity of the condensate produced. Shown in Figure 3; 5 and 7.  

Results and Discussions 
Generaly, at the beginning of the solar radiation entering the distillation system, the temperature 

of the water in the basin and the temperature of  inside air  for the system without PCM has a higher 
value than the system with the addition of Lauric Acid as PCM (𝑇𝑇𝑤𝑤1 > 𝑇𝑇𝑤𝑤2 𝑎𝑎𝑎𝑎𝑎𝑎 𝑇𝑇𝑎𝑎1 > 𝑇𝑇𝑎𝑎2). This is 
because in the system with the addition of PCM, the solar heat received by the system is also used to 
heat the PCM material. The water temperature in the basin in the system with PCM addition began 
to look higher than the system without PCM after 11 am, and the difference was increasingly visible 
when the intensity of solar radiation decreased. 

Condensate begins to form on average at 15.00 i.e. when the intensity of solar radiation decreases, 
this occurs due to the temperature in the distillation system being higher than the ambient temperature. 
So that the heat transfer, moves from the inside of the system to the outside of the system, which is 
accompanied by a condensation process on the surface of the inner cover glass. 
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The amount of condensate produced during the day in the distillation system without the addition 
of PCM is more than in the distillation system with the addition of PCM. This happens because the 
heat storage process in the PCM is still ongoing. 

The opposite happened at night, the condensate production in the system with the addition of 
Lauric Acid as PCM was higher than the system without PCM. The total condensate production in 
24 hours is shown in Table 1. Which shows the average result of 3 times data collection carried out 
simultaneously between systems without PCM and with PCM. So that the environmental conditions 
and solar radiation intensity received by both systems are the same, and a comparison both  of them 
can be done. 
 

Table 1. Total condensate production during the day and night 
for each of the three trials. 

Condition  condensate (ml)     
1st 2nd 3rd Avrg % delta 

I non PCM 950 1080 1050 1026.67 10.71 
6 kg PCM 1030 1180 1200 1136.67 

II non PCM 870 1150 1050 1023.33 15.64 
7 kg PCM 1050 1280 1220 1183.33 

III non PCM 1150 1080 930 1053.33 15.82 
8 kg PCM 1330 1250 1080 1220.00 

 

 
Figure 8. Increased condensate productivity by adding Lauric Acid as PCM 

to 64.8 kg of water in the basin. 
 

Figure 8 shows the effect of adding Lauric Acid to 64.8 liters of water as PCM into the solar distillation 
system. The increase in condensate productivity is not directly proportional to the increase in the mass of 
Lauric Acid added. This shows that the addition of LA as PCM can reach its maximum value, where after the 
amount of mass is passed, the increase in productivity decreases and can even be lower than without PCM. 

The increase in condensate productivity with the addition of Lauric Acid as PCM is expressed in 
equation (1) below:  

 

   𝑦𝑦 = −2.38𝑥𝑥2 + 35.88 𝑥𝑥 − 118.9    (1) 
 
Where:  
   y = productivity increase 
   x = amount of LA added in 64.8 kg of raw water in the basin.  
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Determination of the optimal value of adding Lauric Acid as PCM in the system is determined by 
deriving the equation equal to zero.  

 

   𝑎𝑎𝑦𝑦
𝑎𝑎𝑥𝑥� = 0      (2) 

 

   𝑎𝑎𝑦𝑦
𝑎𝑎𝑥𝑥� =  −4.76 𝑥𝑥 + 35.88 = 0    (3) 

 
   𝑥𝑥𝑚𝑚𝑎𝑎𝑚𝑚 = 7.54      (4) 
 
The amount of Lauric Acid that must be added so that the increase in condensate productivity 

reaches the maximum value is 7.54 kg in 64.8 kg raw water in the basin. In other words, the use of 
Lauric Acid as PCM in double slope solar distillation has an optimal value at the amount of LA 
reaching 11.6% of the mass of water in the basin. 

Conclusions 
The results of weather observations from 07.00 to 17.00 shows that Indonesia has an average solar 

radiation intensity of 40 klux , an average environmental temperature of 34.5 ˚C and maximum 
environmental temperature reach 48 ˚C. The installation of a solar distillation system shows that the 
water temperature in the basin can reach a maximum value of 49 ˚C. This value is higher than the 
melting temperature of Lauric Acid, so that Lauric Acid can be used very well as an energy storage 
material with the phase change material method (PCM). 

The addition of 8 kg LA or equivalent to 12.3 % of the mass of raw water in the solar distillation 
system can increase the average condensate production by 15.8%. From this research, the optimal 
amount of LA that must be added to the solar distillation system to get the highest increase in 
condensate production value is 7.54 kg of Lauric Acid  for 64.8 kg of raw water.  
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