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In this study, a new design of self-desalination seawater device by applying solar 
thermal energy has been proposed and characterized. Investigations were conducted 
to determine whether the fabricated device able desalinate saltwater efficiently. A 
custom-designed reflector with fixed and adjustable angle configurations was also 
included and both will be evaluated in terms of performance. The temperature, 
salinity, and conductivity of the saltwater during the desalination process were 
measured and compared from 9 am to 3 pm. The temperature averagely increases 
20.5°C for 6 hours exposure. A device with an adjustable reflector able to confine the 
highest temperature which is up to 58°C. It was also shown that the heat energy grows 
proportionally with increasing temperature. A device with reflector shown able to 
confine the maximum heat energy which is 131.51 kJ which is 51.75% higher than 
without reflector. As a result, the latent heat required to convert salt water to steam 
decreased from 3.591 kJ/kg to 3.538 kJ/kg. In this regard, the fabricated device able to 
reduce the seawater salinity from 7651ppm to 123ppm, which a substantial 98 percent 
reduction. This result indicates that the proposed device with adjustable reflector can 
desalinate and convert saline water into safe drinking water. 
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1. Introduction 
 

Thousands of people, including fishermen, tourists, and others who have been trapped in the 
ocean for an extended period due to accident or survival-related circumstances, are believed to have 
died from dehydration. Although the ocean covers more than 71% of the Earth's surface and contains 
96.5% of the world's water, only 3.5% of freshwater is safe to drink [1]. Due to high salt concentration, 
seawater is not safe to drink. Reportedly, seawater has a salt content of about 3.5 percent, which is 
equivalent to 35 grammes of dissolved salt in one litre of water [2]. Drinking seawater with such a 
high salt concentration defeats the purpose of hydrating the body and instead leads to severe 
dehydration and death [3]. It has been reported that the drinkable of water must contain less than 
1000ppm (parts per million/Mg/L) of total dissolved solids (TDS). Higher than that is not drinkable. 
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The World Health Organization (WHO) has stated that salinity of drinkable water should below 
500ppm. 

Desalination is a process that removes salt minerals from seawater. There are many types of 
desalination techniques. One of the techniques known as reverse osmosis (RO). RO principally is a 
water purification process that uses a partially permeable membrane to separate ions, unwanted 
molecules, and larger particles from drinking water. However, RO relies on reversing the flow of 
osmosis by applying a hydraulic pressure. The pressure from hydraulic must be greater than the 
osmotic pressure of solution, thus forcing water to move from a high-solute region to a low-solute 
region through a semi-permeable non-porous membrane [4]. This limits the practicality of 
desalination device during emergency. Another technique is electro dialysis (ED) which is employed 
mature membrane process to remove the salt from the seawater. However, ED technique required 
the DC electric field to allow the ion exchange membranes to selectively transfer the anions and 
cations [5]. Previous researchers also explore on thermal energy to desalinate the seawater [6,7]. In 
basis, the thermal energy mechanism is the applying heat transfer between different system [8-10]. 
By using this principle, thermal desalination technique uses thermal energy to vaporize seawater, 
which is then captured and condensed to produce pure water [11,12]. Thermal desalination 
technique has some advantages over other seawater desalination processes, such as greater 
reliability, longer life, and less need for raw water [13]. There are many techniques that can be 
applied thermally such as using a solar cell to heat the heating coil [14,15]. However, the solar cell is 
not efficient enough to generate high power to operate the heater due to the surface area limitation 
[16]. In addition, the complicated interface circuit may not be suitable in seawater [17]. Another 
technique that able to generate heat is by using a direct electrical power to heat the coil. However, 
in the middle of the ocean and in an emergency, electric power is most likely not available. 

Hence, the most practical method to generate heat in the middle of the ocean is to use a direct 
thermal energy from sun or also known as solar thermal energy. The basis is to uses the heat from 
sun to evaporate the seawater [18]. However, the challenge is to trap the heat from sun as high as 
possible so that the trapped temperature (latent heat) has enough energy to evaporate the seawater. 

Therefore, the main challenge in this project is to design a unique emergency device that can 
desalinate the seawater and produce pure water with salinity less than 0.5g/litre or less than 
500ppm. Therefore, the device must be carefully designed to contain the heat at an optimal level 
without compromise with the authentic appearance, portable, simple, and independent of electrical 
power. 
 
2. Methodology  
 

This project consists of two steps, namely the design and fabrication of the device and the 
experimental work. 
 
2.1 Design and Fabrication  
 

The design plays an important role in the development of the jig desalination system. The design 
must have a certain criterion to improve the evaporation rate as well as to ensure optimum exposure 
to sun. In this paper, the design is sketched using Solid-works software. Stainless steel is selected as 
the main material because it is easy to work with, has good heat absorption properties and reflects 
light. 
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2.2 Experimental Work 
 

Experimental work was carried out to investigate the performance of the desalination device. The 
device containing seawater was exposed to sun from 9 am to 3 pm. The effect of the reflector at a 
fixed and adjustable angle on the performance of the desalination rate and the purity of the water 
was measured using a salinity meter. The latent heat is then calculated to correlate with the 
experimental result. Note that the reflector angle was set perpendicular to the solar irradiance angle 
by using the conventional trigonometry of solar angle elevation based on the shadow of the objects. 
Figure 1(a) to Figure 1(d) below shows the experimental setup for this project. 

During temperature acquisition, the ambient temperature and humidity were measured to 
ensure that the initial temperature was similar for each experiment. The apparatus was exposed to 
temperature measurement for 2 hours prior to acquisition. This ensures that the heat is evenly 
distributed throughout the device after it has been exposed to sun. 
 

   

   
Fig. 1. Experiment Setup of the fabricated jig: (a) Body parts without reflector, (b) 
Body parts with reflector, (c) Measuring the temperature and (d) Collecting the 
desalinated water 

 
The amount of heat absorbed by each of these devices will be calculated. It was known that the 

heat energy can be formulated as follows. 
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𝑄 = 𝑚𝑐∆𝑇              (1) 
 
Where 𝑄 is heat energy, 𝑚 is mass, 𝑐 is capacity of water (seawater) and ∆𝑇 is change of temperature. 
Amount of energy required to raise 1g of water by 1°C. Meanwhile, the latent heat formula can be 
formulated as follow 
 
𝑄 = 𝑚∆𝐻𝑣              (2) 
 
Where Q is the heat of vaporization, m is the mass of sea water, and ∆𝐻𝑣 is the latent heat of 
vaporization. The latent heat is the amount of energy required to change the phase of 1 kg of 
material, and hence the unit is joules per kilogram. In this case, this energy is required to change from 
liquid to vapor during the evaporation process. 
 
2.3 Mechanism of Desalination Process  
 

 
Fig. 2. Mechanism of desalination process 

 
Figure 2 above shows the mechanism of the desalination process. The device will be exposed to 

sun, which transfers the heat via the radiation principle. Since the body of the device is made of 
stainless steel, the heat energy is trapped and then efficiently transferred to the seawater as the 
seawater has direct contact with the stainless-steel surface inside the device. Continuous exposure 
to sun further increases the temperature inside the body, which can provide enough energy to 
evaporate the seawater and then condense it in the cone shape. In the cone shape, the thermal 
energy including latent heat is released, which in turn transforms it into a drop of water. Since the 
cone shape is tilted at 45°, it directs the water droplets downward into the channel to the purified 
water tank. The adjustable reflector that fits into the body of the device focuses more sunlight, which 
further increases the surface temperature on the device. As a result, more heat energy is captured, 
which in turn increases the efficiency of the desalination process. 
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3. Results  
3.1 Design and Fabrication 
 

Figure 3 below shows the overall concept of the design and manufactured device, the material of 
which is based on stainless steel. Figure 3(a) shows the diameter of the jig part that will contain the 
seawater. The jig parts have a thickness of 1 mm and a height of 272 mm. At the bottom of the device, 
there is a container where the evaporated and desalinated seawater is stored. Figure 3(b) shows the 
sketch of the reflector which is integrated with the device parts. The height of the reflector is 135 
mm, while the diameter is 249 mm, and the diameter of the bottom reflector is 82 mm. A thread is 
provided at the bottom of the reflector so that the angle of the reflector can be adjusted. Figure 3(c) 
shows the actual device that was made. 
 

 

  
Fig. 3. The design and fabrication of desalination jig (a) Jig part, (b) Concept 
of reflector been integrated to the jig part and (c) Actual jig that has been 
fabricated 

 
3.2 Experimental Result 
 

The device was filled with 1 litre of the powder and exposed to sunlight in an open space to 
capture the sun's heat energy. Figure 4 below shows the results of the water temperature inside the 
device from the morning, 9 am, to the evening, at 3 pm. In general, the temperature inside the device 
increases proportionally from morning to evening. For the jig without reflector, the temperature was 
30°C at the beginning and reached 50°C at 3 pm. For the jig with fixed reflector, it is 33°C in the 
morning and 53°C in the evening. The fixture with adjustable reflector shows the most effective 
design as the measured temperature is 35.5°C at 9am and reaches 58°C at 3pm. It was found that the 
jig with fixed reflector generally has a higher temperature, which means a temperature difference of 
13% compared to the jig without reflector. On the other hand, the fixture with adjustable reflector 
exhibits the highest temperature, which is 16% difference compared to the fixture without reflector. 
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These results indicate that the device with adjustable reflector can restrict the temperature more 
efficiently compared to the other designs. 
 

 
Fig. 4. Temperature measured inside the jig 

 
Figure 5 shows the comparison of salinity in ppm of seawater and desalinated water, respectively. 

Note that in this experiment the desalinated water is obtained using a device with an adjustable 
reflector. The sea water was measured using a salinity meter and the reading was 7561 ppm initially 
and dropped to 123 ppm after desalination. This value is 24.6% lower than the maximum salinity of 
acceptable drinking water. This result shows that the device with adjustable reflector can desalinate 
fresh water with high purity. The graph also shows that the desalinated water has a comparable 
purity level with mineral water, which has 123ppm and 69ppm, respectively. 
 

 
Fig. 5. ppm level of desalinated seawater 

 
It was known that seawater was conductive. Figure 6 below shows the readings of µs/cm 

indicating the conductivity of the seawater before and after desalination. In this experiment, the 
conductivity of the seawater decreased from 11935 µs/cm to 192 µs/cm, which is a decrease of more 
than 98% after desalination. The conductivity of desalinated water is also comparable to that of 
mineral water which is 192 µs/cm and 107 µs/cm respectively. This indicates that the designed 
setting machine able to desalinate the water efficiently. 
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Fig. 6. Micro-siemens(𝜇S/cm) of desalinated water 

 
In the desalination process, seawater must be heated to a certain temperature before the water 

evaporates. To heat the water, heat energy is needed to raise the temperature of the water. The 
temperature of the water is further increased until it reaches a certain temperature so that the 
process of evaporation can take place. In this experiment, the heat energy from the sunlight is 
collected by the device using the radiation principle and absorbed by the water in the device. The 
heat energy will then increase the temperature of the water. Since the device consists of three parts, 
namely the device itself, the fixed reflector and the adjustable reflector, the amount of heat absorbed 
by each of these devices has been calculated. Figures 7 shows the comparison of heat energy 
collected by each device. By using Eq. (1), the thermal energy for the setting device without reflector, 
the setting device with fixed reflector, and the setting device with adjustable reflector are 41.84 KJ, 
119.55 KJ, and 131.51 KJ, respectively. This shows that the device with adjustable reflector can 
contain the highest thermal energy, which is 51.72% higher than the device without reflector. This 
indicates that the device with adjustable reflector is the most efficient design to contain the heat 
from solar thermal energy. This is reflected in the amount of water trapped, which is 11.65 g, 33.72 
g, and 37.17 g, respectively. 

A further investigation has been carried out to calculate the latent heat of generate by each 
device. Latent heat can be understood as energy that will need to change the state of substance. In 
this work, to change the state of water form into steam. Eq. (2) has been applied to calculate the 
latent heat. Figure 8 shows the comparison of latent heat of each device. It was shown that the latent 
heat required to change the state of water to steam are 3591.99 kJ/kg, 3545.57 kJ/kg, and 3538.35 
kJ/kg for the device without reflector, fixed reflector device and adjustable reflector device, 
respectively. This indicates that the device with adjustable reflector requires less latent heat 
compared to the other embodiments in which justify the efficiency of adjustable reflector to enhance 
further the desalination device performance. 
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Fig. 7. The comparison of heat energy collected by device 

 

 
Fig. 8. The comparision of latent heat obtained by device 

 
4. Conclusions 
 

The proposed desalination device has sufficient and reliable operation to provide adequate 
quantity and quality of fresh water. The desalination device can be operated for an average of 6 hours 
per day. No serious technical problems were found during the operation of the plant, but there may 
be a need to improve the tracking of the solar angle to make the plant more efficient. It was shown 
that a device with adjustable reflector can limit the highest temperature, which is 58°C, 16% higher 
than other designs. The heat energy increases proportionally with temperature, where a device with 
adjustable reflector can contain the highest heat energy, which is 131.51 kilojoules, 51.75% higher 
than a device without reflector, which has only 41.81 kilojoules. At the same time, the latent heat 
required to evaporate the water into the mother phase decreases from 3.591 kil0joules/kg to 3.538 
kilojoules/kg for a device with an adjustable reflector. Overall, the settling device with adjustable 
reflector can improve the desalination efficiency, reducing the salinity of seawater to 123 ppm, which 
is 98% lower than the original value of seawater. This shows that this device can desalinate seawater 
and turn it into a very safe drinking water. 
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