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Abstract. A vacuum still integrated with concentrating photovoltaic/thermal (VSICPVT) 

hybrid system for desalination is proposed in this paper. This system consists of a vacuum still, 

a concentrating photovoltaic/thermal (CPVT) module and a solar collector thus can produce 

freshwater and electricity simultaneously. Its prototype was established in North China Electric 

Power University (NCEPU), Beijing, China. In order to study the performance of this hybrid 

system with different inlet temperature of the vacuum still but with constant flow rate of saline 

water in the CPVT module, the experiments were conducted. And the electric efficiency, power, 

vaporization rate and freshwater yield of the system were analyzed. 

1. Introduction 

Nowadays, fossil energy crisis and freshwater shortage have been global issues. As an inexhaustible 

and available everywhere renewable energy, solar energy draws increasingly attentions all around the 

world. Many researchers [1-6] investigated how to utilize solar energy efficiently. And quite a few 

scholars [7-9] studied how to desalt sea water by using solar energy. Ong et al [10] studied a 

high-CPVT combining with membrane desalination system. Outlet saline water temperature of the 

CPVT could reach to 75-80°C, and the entire system converted the 85% of the solar irradiation on the 

CPVT to valuable energy. Meanwhile, the freshwater yield was 4.87 L/m2. Srithar et al [11] 

experimentally studied the performance of a stand-alone solar desalination system, consisting of solar 

still, cooling arrangement, and CPVT module. And the daily freshwater yield could obtain the 

maximum 16.94 kg/m2. Kumar et al [12] conducted experiments on an active PVT incorporating with 

a solar still system. And a comparative experiment with a conventional passive PVT-solar still system 

was also carried out. The results indicated that the total efficiency of the active one was approximately 

25% higher than the passive one. Gude et al [13] proposed a solar desalination system operating at 

vacuum pressure but closely ambient temperature. Abutayeh and Goswami [14] established a model 

based on a sustainable sea water flash distillation process. And thermodynamic relations in the process 

were developed in the model. Since CPVT can receive higher solar radiation intensity than flat-plate 

PVT, it has higher overall efficiency and thus provides greater saline water temperature to desalinate 

efficiently. Beside, solar still operating at vacuum pressure has higher distillate yield and lower 

vaporization temperature than that operating at ambient pressure. To boost the freshwater yield of 

desalination and utilize solar energy efficiently, a novel vacuum still integrated with concentrating 

PVT (VSICPVT) hybrid system is proposed in the paper. It not only can generate electricity, but also 

produce considerable freshwater for domestic use. 

http://creativecommons.org/licenses/by/3.0
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2. VSICPVT system 

The VSICPVT system mainly consists of CPVT module, solar collector, vacuum still and condenser. 

The schematic diagram of the VSICPVT system is presented in figure 1. And the working processes 

and principles of the system are as follows: 

 

 

Figure 1. Schematic diagram of the VSICPVT system. 

 

The CPVT module coupling PVT with compound parabolic concentrator (CPC) concentrates solar 

lights on the photovoltaic (PV) panel located at the bottom of the CPC so that the PV cells generate 

electric power and partial heat coming from the PV cells is absorbed by saline water for preheating. 

Then the preheated saline water is further heated to a desirable temperature by flowing through the 

solar collector before entering the vacuum still. When the heated saline water flows into the vacuum 

still, since the temperature of the inlet saline water higher than the saturation temperature at the 

experimental vacuum pressure (15 kPa), partial water in the vacuum still vaporizes rapidly, 

transforming from liquid to vapor. The generated vapor then enters into the condenser to be condensed 

to distillate. The cooling medium used in the condenser is cooling saline water. Eventually, the 

freshwater is collected by a fresh tank and its yield is measured by a measuring cup every half an hour. 

Meanwhile, the generated electricity from the system is used for the load (light and storage battery). 

3. Analysis and discuss of experiment results 

The experiment was carried out on May 24, 2017 at a building roof in NCEPU, Beijing, China 

(N38°52′32.75″, E115°29′56.14″), and the flow rate in the LCPVT module and the flash pressure in 

the vacuum still were stable at 120 L/h and 15 kPa, respectively.  

The solar radiation intensity, ambient temperature, inlet saline water temperatures of CPVT module 

and vacuum still, were measured every half hour that day and were depicted in figure 2. As presented 

in figure 2, the solar radiation intensity initially ascends, reaches the maximum 969.85 W/m2 at 11:00, 

and then declines to the minimum 270.86 W/m2 at 16:00. The variation trend of the radiation intensity 

dramatically decreases at 14:00 and 15:00 due to cloudy weather. Both ambient temperature and inlet 

https://cn.bing.com/dict/search?q=storage&FORM=BDVSP6&mkt=zh-cn
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saline water temperature of the CPVT module increase slightly. The inlet saline water temperature of 

the CPVT module is less sensitive to the ambient factors due to keeping basically stable but a little 

increases from 15:30 to 17:00 with the maximum 40.8°C occurring at 17:00. Meanwhile, the inlet 

saline water temperature of the vacuum still shows the similar variation trends as that of the solar 

radiation intensity after 16:00. Therefore, the probable reason for the inlet water temperature 

increment is that the pipe for feedwater was right exposed to the sun after 16:00 due to its location at 

the east corner of the fence on the roof, while the pipe was shadowed by the fence at the rest of the 

time. 

 

 

Figure 2. Variations of the solar radiation intensity, ambient temperature, inlet saline 

water temperatures of the CPVT module and vacuum still with time. 

 

 

Figure 3. Variations of the electric efficiency and PV power with time. 

 

Figure 3 indicates that the PV power and electric efficiency have the alike variation trend, 

achieving the maximum 516.3 W and 12.5%, respectively. Both the PV power and electric efficiency 
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go down as the solar radiation intensity reduces from 15:00 to 15:30. The reason of it is that when the 

solar radiation intensity is low, the PV panel cannot receive enough photon energy to drive electrons 

move, hence the generated current is small. It is notable that the when the solar radiation intensity 

reaches the maximum at 11:00, neither of the maximum electric efficiency and power occurs at 11:00. 

It may be because that not only the solar radiation intensity plays a role on the performance of the PV 

cell, but the temperature of the PV panel has influences on it since increasing PV panel temperature 

leads to its electric efficiency decreased. 

 

 

Figure 4. Variations of the vaporization rate and inlet saline water temperature of 

the vacuum still with time. 

 

Figure 5. Data summary of freshwater yield rate every half hour. 

 

Figure 4 demonstrates that the variations of the vaporization rate and inlet saline water temperature 

of the vacuum still with time. As illustrated in figure 4, the curve of the vaporization rate presents the 
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same variation trend as that of the inlet saline water temperature of the vacuum still, obtaining the 

highest 2.38 % at 11:00 with the inlet saline water of the vacuum still at 69.83°C. Since based on 

figure 2, the inlet saline water of the vacuum is mainly affected by the solar radiation intensity, thus 

the greater the solar radiation intensity, the higher the vaporization rate. Figure 5 illustrates the 

freshwater yield rate recorded every half hour at the flow rate with constant of 120 L/h. It shows the 

same variation trend as the vaporization rate. The highest freshwater yield rate is 0.047 L/min, and 

daily average is 0.032 L/min. The daily freshwater yield was 15.36 L in the experiment. 

4. Conclusions 

Relying on the data measured in the experiments of the VSICPVT system, the freshwater yield and 

vaporization rate are significantly influenced by the solar radiation intensity, and they have the similar 

variation trend as the solar radiation intensity. Namely, the greater the solar radiation intensity is, the 

higher the vaporization rate and freshwater yield are. The highest freshwater yield rate is 0.047 L/min, 

the daily average is 0.032 L/min, and the daily freshwater yield was 15.36 L in the experiment. 

Besides, the electric efficiency and power show the same changing trend, reaches the maximum 516.3 

W and 12.5%, respectively. Both of them are affected by solar radiation intensity and temperature of 

the PV panel, increasing temperature of the PV panel can still lead to the electric efficiency declined, 

though with great solar radiation intensity on the PV panel.  
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