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Abstract 

The abundant waste polyurethane sponge, commonly considered as one of the municipal wastes, 

can be recycled and converted into the valuable resources of environment. The increasing landfill 

cost and air-pollutions have made it a great urgent to develop the effective applications of waste 

polyurethane sponge. Recently, solar vapor generation has attracted extensive attentions, since 

energy shortage and water scarcity along with water pollution are becoming alarming global 

issues to be addressed. The solar vapor generation relies on the performance of the solar 

absorbers which convert the solar energy into heat for the vaporization process. A low cost, 
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efficient and durable solar absorber is vital for the development of solar vapor generation. Here, 

we report that the recycled self-floating black polyurethane sponges are very promising solar 

absorber materials. which can efficiently generate water vapor after a simple one-step 

hydrophilic treatment with dopamine hydrochloride. The evaporating rate was more than 3.5 

times higher compared to that of the existing natural evaporation process, exhibiting an 

evaporation efficiency of above 50%. Furthermore, this black polyurethane sponge can also drive 

solar ethanol distillation, yielding up to 25 wt% concentration promotion under each distillation 

cycle.  

 

Keywords: Solar vapor generation, heat localization, black sponge, recycled, hydrophilic, solar 

distillation 

 

1. Introduction  

Given the increasing global concerns of energy problems, renewable energy resources have 

been pursued in high demand, among which solar power is the most promising and naturally 

unlimited energy source in the foreseeable future. The solar energy that reaches the earth in an 

hour is able to cover the energy consumption of human for an entire year [1]. Practical 

technologies should be developed for better utilization of the solar energy for the energy 

consumption of human [2]. At present, solar thermal conversion technology comes to be the most 

effective one compared with other solar energy utilization approaches such as photocatalysis or 

photovoltaics [3-5]. Traditional vaporization is expensive and usually involves the consumption 

of depletable fossil fuels with heavy emissions of greenhouse gas, e.g. CO2 [6, 7]. Recently, the 

utilization of solar energy to enhance evaporation emerges to be an attractive strategy for 



sustainable and practical systems, which shows great potential applications in sterilizations [8], 

wastewater treatment [9, 10], desalination [11-13] and ethanol distillation [14, 15]. The solar 

evaporation relies on the development of a key component, i.e. solar absorber, which converts 

the solar energy into heat to vaporize water. The research on solar absorber materials is the main 

approach to realize the practical use of the solar evaporation technology.  

In recent years, the plasmonic metallic nanoparticles have been most widely investigated as 

the solar absorbers due to their unique photothermal conversion property. Halas’s group firstly 

introduced that the suspended gold nanoparticles can generate vapour bubbles for efficient 

evaporations of surrounding liquid because of their high solar absorption and scattering 

properties [14, 16]. However, these methods usually require costly high optical concentrations 

(up to 103 kW m-2), and only a relatively low solar-thermal efficiency of about 24% has been 

obtained.  As the heat is generated around the nanoparticles, large amount of the thermal energy 

will be transferred to heat up the surrounding liquid during the vapour bubbles rising to the 

evaporative surface. To overcome this problem, the plasmonic films were further demonstrated 

as high-performance and broadband absorbers to localize plasmonic heat at the air-water 

interface [17-21]. An efficiency of ~85% under the irradiation density of 10 kW m-2 was 

achieved by bio-inspired solar steam generation using floating Au nanoparticles membranes [22]. 

However, except that the focusing optics are usually required, the scarcity and high cost of 

metallic absorbers involving noble metals limit their practical applications. Moreover, after the 

long-time illumination, the plasmonic nanoparticles may fuse together and the plasmonic 

properties can be weakened, which results in lower solar thermal conversion efficiency [23]. 

Recently, more common non-metallic materials, such as carbon black [24, 25], carbon 

nanotube [26], graphene and graphene oxide [27, 28], polypyrrole (ppy) coated mesh [29], and 



bio-inspired materials like wood and mushrooms [30-32], have been extensively investigated for 

solar vapor generation with higher operation stability and lower cost compared with plasmonic 

metallic materials. Among these absorbers, bilayer structures are often proposed for the efficient 

solar evaporation with the top layer of photothermal materials for light absorption and heat 

conversion, and the bottom layer of thermal insulating materials with low thermal conductivity to 

prevent the heat loss [33-36]. Highly efficient solar vapor generation was achieved based on the 

carbon black coated paper supported by expanded polystyrene foam with a thermal efficiency of 

88% under one sun irradiation [25]. These studies have been devoted to study the solar absorbers 

for high solar-thermal efficiency, which usually possess the unique features for the improvement 

of solar thermal conversion efficiency such as low material density so that it will float on the 

water surface, low thermal conductivity to reduce heat loss, hydrophilic and porous structure for 

fast fluid transport. However, these proposed absorbers usually have their own limitations, which 

are either not common, carbonation needed or too expensive for the practical application. 

Recycling and reutilizing is currently the trend for developing sustainable society. Using some 

common wastes as the absorbers for solar evaporation can be a new and popular research 

direction to reduce the overall cost and energy consumption for production, which ultimately 

achieves the goal of green energy and sustainable development.  

Black polyurethane (BPU) sponge, one kind of three dimensional porous materials, has been 

widely used as anti-seismic packaging materials for transportation in our daily life today. The 

production of black PU sponges as packaging material comes to millions of tons every year [37-

39]. However, most of them are abandoned after one-time utilization and cannot easily 

decompose naturally [40]. More and more attention is being paid on the recycling of PU sponge 

with the rise of regulatory and environmental issues. People are focusing on seeking alternative 



options to dispose these polyurethane materials for the conservation of petroleum resources and 

the reduction of environmental stress [41]. Recently, researchers have applied the PU sponges in 

areas such as reusable oil-absorbent [42, 43] and templates for constructing porous structures [44, 

45].  

In this work, for the first time we demonstrate that the recycled black PU sponge with porous 

structure, low thermal conductivity (~0.034 W/mK) [46], and low mass density to be self-

floating, could behave as an ideal absorber for solar vapor generation except for its weak 

hydrophilicity. Therefore, surface chemical properties were modified by a facile dopamine 

solution stirring treatment to achieve the fast dynamic wettability of the BPU sponges for fluent 

water supply on the top surface of the absorber. The surface modified PU (SM-BPU) sponge 

showed that the evaporating rate increased more than 3.5 times compared to the existing natural 

evaporation process. The BPU sponge for solar ethanol distillation application was further 

examined and the results showed that this sponge can yield up to 25 wt% concentration 

promotion under each distillation cycle. Considering the BPU sponge as the major waste of 

packaging industry, the recycling of the waste BPU sponge for solar energy conversion can 

reduce the environmental pressure. While in conventional evaporation systems, it needs the 

consumption of fossil energy, which is a limited energy resource and generates greenhouse gas 

and pollutants during the combustion. From the views of environmental sustainability and energy 

cost, this work promises to be attractive and competitive for applications in practical solar-

thermal technologies. 

 

2. Material and methods 

2.1. Material.  



The black polyurethane (BPU) sponge with a pore diameter of ~300 μm, density of 25 kg/m3 

and thickness of 10 mm was purchased from Zhong Sheng Trade Co. (Wuyi, Zhejiang, China). 

Dopamine hydrochloride (98%) was obtained from J&K Scientific Ltd. (Beijing, China). Tris 

(hydroxymethyl) aminomethanehydrochloride (Tris-HCl) (PH 8.8, 1.5 M) was purchased from 

Solarbio (Beijing, China). All chemicals were used as received without further purification. 

2.2. Preparation of hydrophilic PU sponge  

The BPU sponges were tailored to circular with a diameter of 40 mm, and then ultrasonically 

washed with distilled water (DI) water and ethanol for three times, followed by drying in an oven 

at 50 ℃. Dopamine solution (2 mg mL-1, PH=8.8) was obtained by dissolving dopamine 

hydrochloride in 10 mM Tris-HCl. The cleaned sponge was soaked into 20 mL freshly prepared 

dopamine solution followed by stirring overnight. Then, the as-prepared SM-BPU sponge was 

washed with DI water several times and dried in oven at 50 ℃ for 4 h.    

2.3. Solar-vapor-generation experiment  

The solar evaporation rates of different solar absorbers, e.g. white PU sponge, BPU sponge, 

and SM-BPU sponge were measured and compared with pure water, under the same solar 

illumination of 1 kW/m2 over 60 min. The sponges with a diameter of 40 mm and a thickness of 

10 mm were floated on top of the water surface in the beaker and exposed exactly at the center of 

the light beam. All sponges were twisted and soaked in DI water to be wetted before floated on 

the water surface. A 300W xenon lamp (PLS-SXE300; Beijing Perfect Light Technology Co., 

Ltd) served as the solar light source. The solar irradiation intensity of the sample surface was 

measured by a power meter (THORLABS, S314C). The real-time mass loss over the entire 

duration was recorded using a computer controlled electronic mass balance (Mettler Toledo, 

ME204) with accuracy of 0.1 mg. Further investigations of mass changes of water with SM-BPU 



sponge under various irradiation intensities from 1 to 5 kW m-2 were carried out. All experiments 

were conducted at room temperature of 20 ±1℃ and humidity of about 60%. 

2.4. Ethanol distillation 

Ethanol solutions with volume fraction from 10 % to 90 % were prepared by diluting 99.8 

v/v% ethanol with DI water, and charged into the beaker with diameter of 4 cm and depth of 6 

cm for distillation, respectively. The beaker containing ethanol-water (70 mL) mixture and BPU 

sponge with a diameter of 40 mm and a thickness of 10 mm was put in a larger quartz chamber 

sealed by flanges. Then the beaker was irradiated under 3 kW m-2 of solar light. Therefore, the 

evaporated mixtures were condensed within the quartz chamber and the distillates were collected 

at the bottom of the quartz chamber. A drop of 0.3 mL distillate was used for the measurement of 

refractive index by using a refractive index refractometer. The mass fraction of ethanol can be 

converted from the refractive index by referring to a calibration standard curve of ethanol-water 

mixture refractive index at 20 ℃. All experiments were conducted at room temperature of 20 

±1 ℃ and humidity of around 60%. 

2.5. Characterization  

Field-emission scanning electron microscopy (SEM; JEOL, JEM-2100F) was performed to 

observe the morphologies of BPU sponge and SM-BPU sponges. The temperature of the sample 

was measured by an IR camera (Fluke, Model Ti400, USA) with error range of ±2 ℃. The 

contact angles of the sponges were obtained from a contact-angle analyzer (Ramé-hart, Inc., 

Model 200, USA) with accuracy of ±0.1°. A refractometer (Atago, PAL-RI, Japan) for refractive 

index measurement with accuracy of ±0.0003 was used to assess the ethanol concentration by 

measuring the refractive index at 20 ℃. An attenuated total reflection Fourier transform infrared 

spectroscopy (ATR-FTIR; Bruker Vertex-70, Germany) was used to verify the purity of distillate. 



The spectra were obtained over a range between 400 and 4000 cm-1 with a spectral resolution of 

4 cm-1. 

 

3. Results and discussion  

3.1.  Material structure and morphology  

Since the fluid transport within the as-purchased BPU sponge is not good enough, it is 

essential to improve the hydrophilicity of the BPU sponge. It has been shown that the sponge 

surface modified by dopamine presents improved hydrophilicity, leading to good wettability of 

the sponge; in Tris-HCl aqueous solution, dopamine can spontaneously polymerize into 

polydopamine (PDA) with a large number of phenolic hydroxyl groups and deposit on the 

surface of the sponge [47, 48]. Fig. 1a shows the schematic diagram of the fabrication process. 

SEM observation at different magnifications was conducted to investigate the sponge surface 

morphology. Fig. 1b and 1c represent the SEM images of the pristine unmodified and dopamine 

modified BPU sponges, respectively, in different magnifications. The BPU sponge was 

composited with porous structure fibers with pore size of ~300 μm, and there was no obvious 

difference in the surface morphology of the sponges in low magnification (left column). At 

higher resolutions, the surface of pristine BPU sponge was quite smooth (Fig. 1b3) and the 

deposited PDA could be clearly observed on the skeleton of the modified sponge (Fig. 1c3), 

leading to a rougher surface than pristine BPU sponge. 



 

Figure 1. (a) Schematic fabrication process of SM-BPU sponge. SEM images of the BPU 

sponges in different magnifications: (b) pristine BPU sponge; (c) SM-BPU sponge. 

 

The wetting property of the sponge was characterized by water contact angle measurement. 

After the dopamine modification, the sponge exhibited a decreased contact angle from 120° to 

60°, as shown in Fig. 2a and 2b. These figures indicate the surface changing from hydrophobic 

into hydrophilic after the dopamine treatment. To examine the dynamics of the fluid transport in 

pristine and SM-BPU sponges, a 0.5 mL water droplet was added on each sponge surface to 

observe the water impregnation in the structure over 1s. The water quickly spread out from the 

touching surface in the SM-BPU sponge, while the water in the pristine sponge spread slowly as 



shown on Fig. 2c. It can be concluded that the wettability was greatly promoted after dopamine 

modification due to the hydrophilic groups attached to the sponge surface (See Fig. 1a). The 

porous PU sponge has low density of 25 kg/m3 with buoyant nature, which can float on the water 

surface as shown in Fig. 2d. The enhanced vapor generated by SM-BPU sponge under the solar 

illumination of 5 kW m-2 can nicely be observed. 

 

 

Figure 2. Contact angle measurements of (a) pristine black PU sponge and (b) dopamine 

modified black PU sponge. (c) Optical image to verify the dynamics of the fluid transport in 

pristine sponge (left) and dopamine modified sponge (right) by adding 0.5 mL water on sample 

surface after 1s, respectively. (d) Enhanced vapor generation by dopamine modified sponge at 

solar illumination of 5 kW m-2. 

 

3.2. Evaluation of the solar evaporation by PU sponges  

The evaporation rates of water were recorded by measuring the mass loss as a function of 

time by a computer controlled electronic balance. Different experiments for measuring the 

evaporation rate of pure water, white PU sponge, BPU sponge, and SM-BPU sponge were 

respectively conducted for an hour under the same solar illumination of 1 kW m-2. The exact 



evaporation rates of water were recorded as shown in Fig. 3a. Water mass reductions were 

observed for all the experiments. Generally, the water mass loss was slow in the beginning and 

then became faster at a constant rate after the initial transient period. It can be explained that it 

takes more energy to initialize the evaporation process in the beginning. The evaporation rate of 

white PU sponge was as low as the natural water evaporation at about 0.23 ±0.02 kg m-2 h-1. In 

comparison, with the black PU sponge, the evaporation rate was 3 times higher compared with 

pure water evaporation. However, the evaporation rate of the SM-BPU sponge was the highest 

up to 0.83 ±0.04 kg m-2 h-1, which was 3.6 times higher than pure water under 1 kW m-2 solar 

illumination. The solar vapor generation efficiency, ƞth, is defined as Eq. 1 [33]:  

                                                                                                                                                     Eq. 1 

Where  represents the mass flux due to the evaporation, hfg is the enthalpy change of liquid 

water to vapor phase, qsolar is the nominal direct solar flux per area, and A is the efficient absorber 

area. The evaporation efficiency was increased up to 52.2 ±2.5% by using the SM-BPU sponge. 

It was more than 3.5 times increment compared with the average evaporation efficiency of the 

pure water of 14.5%. Experiments were repeated four times under the same experimental 

conditions. The average values of the experimental data with error bar are presented, in which 

the error bar is calculated as the mean squared error of the four experimental results. The error is 

mainly introduced by the fluctuation of room temperature, humidity and instrument accuracy etc. 

The difference between each measurement is less than 5%, indicating the reproducibility of 

experimental data.  

     The evaporation efficiency of SM-BPU sponge with respect to different solar irradiation 

intensities were measured. Fig. 3b shows the evaporation mass loss as a function of illumination 

time under various solar power densities of 1 kWm-2, 2 kWm-2, 3 kWm-2, and 5 kWm-2. The 



evaporation rate almost increased linearly with the solar irradiation intensity as depicted in Fig. 

3c. The average evaporation rate was 0.83 kg m-2 h-1 under 1 kW m-2 solar illumination and it 

reached to 4.24 kg m-2 h-1 when the solar irradiation intensity scaled up to 5 kW m-2. Fig. 3c also 

shows that the fluctuation of the evaporation efficiency was quite small (< 4%) as light power 

intensified. Clearly, this result demonstrated that the evaporation rate can be further scaled up by 

using optical concentrators. Figure 3d shows that similar performances of the SM-BPU sponge 

were achieved with mass loss of 1.03 g ±4% per hour after being used for ten cycles with 1-hour 

irradiation under 1 kW m-2 solar illumination for each cycle. These data demonstrate that the 

BPU sponge is durable and could be reused repeatedly without noticeable change in performance. 

 

Figure 3. The solar evaporation mass loss of water over time (Each data point is an average of 

four measurements under the same experimental conditions): (a) with different absorbers under 1 



kW m-2; (b) with SM-BPU sponge under different optical densities of 1 kW m-2, 2 kW m-2, 3 kW 

m-2, and 5 kW m-2. (c) Corresponding evaporation rate (square) and the evaporation efficiency 

(circle) under different optical densities. (d) Mass loss after irradiation of the SM-BPU sponge 

for 10 cycles (1 hour under 1 kW m-2 irradiation for each cycle.).  

 

3.3. Mechanisms of solar vapor generation enhancement 

An infrared (IR) camera was utilized to determine the temperature distribution at the surface 

and underlying bulk water during the evaporation experiments. Before irradiation, both beakers 

with and without SM-BPU sponges exhibited almost the same uniform temperature distribution 

for the top surface and underlying water, being approximately of 21 ℃ as presented in the left 

columns of Fig. 4a and 4b. After the solar illumination with light density of 3 kW m-2 for 30 min, 

a remarkable difference was observed in the right columns of Fig. 4a and 4b. For the beaker 

without SM-BPU, the top surface temperature was 28 ℃ with only ~0.6 ℃ higher than the 

underlying water temperature, in which almost homogeneous temperature distribution was 

obtained within the beaker. However, for the beaker with SM-BPU sponge, a localized hot zone 

was observed only at the top surface of the water with a temperature of 56.3 ℃. In contrast, the 

temperature of the water below only increased up to 21.5 ℃ with the temperature difference 

between top and bottom of ~35 ℃. In fact, the evaporation rate of liquid is closely related to the 

liquid temperature, which can be evaluated by the Dalton evaporation formula: E = C(Ps-P), 

where E, C, Ps, and P represent the evaporation rate, correlation constant, saturation vapor 

pressure and realistic vapor pressure of the liquid, respectively [49]. The saturation vapor 

pressure of water at 28 ℃ and 56.3 ℃ are 3780 and 16540 Pa, respectively, and the realistic 

vapor pressure of water at room temperature of 20 ℃ is about 500 Pa [50]. Based on the 



calculation, after 1 h’s illumination, the evaporation rate of the water on top of SM-BPU should 

be about 4.9 times higher than that of the control experiment with pure water only, which could 

account for the evaporation rate difference between them. High temperature on top of the PU 

sponge can be maintained because the thermal conductivity of PU sponge is low. The thermal 

energy diffused into the water below is resisted and therefore, heat localization is achieved at the 

air-water interface of the self-floating SM-BPU sponge. Besides, after one-step dopamine 

treatment, the hydrophilic property of the BPU has been improved because water can be more 

effectively transported into the air-water interface through the porous transport channels and 

conveyed into vapor phase. This also explains why the evaporation efficiency can be further 

enhanced through dopamine treatment. These are the reasons making SM-BPU sponge based 

solar evaporation an efficient process. 

 

 

 

Figure 4. Side view and top view images of temperature distribution by IR camera: (a) pure 



water evaporation at 0 min irradiation and at 30 min irradiation; (b) surface evaporation with 

free-floating dopamine modified sponge at 0 min irradiation and 30 min irradiation. The optical 

intensity was set to be 3 kW m-2.  

 

3.4. Ethanol distillation and potential applications  

Distillation, which can be used to separate liquids with different boiling points, is the most 

dominant industrial purification technique for ethanol production. Here, we examined the 

performance of the BPU sponge for distilling the ethanol-water mixtures. Fig. 5a shows the 

photo of the solar ethanol distillation experimental set up. A beaker containing ethanol-water 

mixtures (70 mL) with self-floating BPU sponge was put inside a larger sealed quartz chamber. 

The distillate was collected at the bottom of this larger quartz chamber, and then analyzed by a 

refractometer for the fraction of the ethanol within the sample fluid. The vapor-liquid diagram of 

ethanol-water mass fraction was obtained based on the measured refractive index of distillates, as 

shown in Fig. 5b. A black dot line representing an equal concentration of ethanol for both the 

liquid and vapor state was drawn for clearly displaying the improvement of ethanol 

concentration. Fig. 5 b shows that the lower liquid mass fraction of ethanol (< 0.6 (60 wt%)) 

mixture was distilled to much higher ethanol mass fraction (with maximum up to 25 wt% 

increment) for each distillation cycle by using the BPU sponge. No further ethanol mass fraction 

enhancement was observed for the liquid mass fraction of ethanol beyond 0.6 (60 wt %). The 

highest mass fraction of ethanol of the distillate is about 70 ±0.02 wt%, which was achieved 

from distilling higher mass fraction of ethanol liquid of 0.9 (90 wt %). It could be due to high 

humidity level in the ambient air in Hong Kong. Because of the hygroscopic nature of ethanol, it 

absorbed water vapor directly from the atmosphere, leading to saturation of further ethanol 



enhancement. For this reason, it is quite likely that higher ethanol concentration can be obtained 

with this black PU sponge through humidity control. Besides, ATR-FTIR was applied to study 

the chemical structures of liquid samples before and after the distillation to verify if there was 

any new structure being introduced after distillation. As presented in Fig. 5c, both spectra show 

the same absorption peaks with an OH stretch, a CH stretch, CO stretches and various bending 

vibrations, which are consistent with those of standard ethanol liquid [51, 52]. It indicates that no 

new chemical structures were added into the distillate, which reflects that volatile organic 

contaminants were not likely to be found in distillate. Therefore, this first demonstration 

confirmed that BPU sponge can be used for solar ethanol concentration enrichment. The 

application of ethanol as a fuel is necessary to reach a concentration of 95 wt% [53]. Certainly, 

solar energy can take a part in the preliminary concentration process of ethanol freshly produced 

from fermentation with initial concentration of ~10 wt%, then followed by additional process 

such as industrial heat distillation to obtain the concentration greater than 95 wt%, which can 

surely greatly reduce the amount of fossil energy needed for the fuel grade ethanol production.  

 

Figure 5. (a) Picture of the solar distillation setup; (b) vapor-liquid diagram of the ethanol-water 

mass fraction obtained by solar distillation (Each data point is an average of four measurements 

under the same experimental conditions). The black dot line represents an equal mass fraction of 

ethanol in both liquid and vapor state. (c) ATR-FTIR spectra (absorbance mode) of pristine 40 



v/v% ethanol-water mixture (black curve) and corresponding distillate (blue curve). 

 

      Moreover, solar fresh water generation from sea/waste water can be achieved by constructing 

a complete system with continuous sea/waste water supply and evaporation water collection. The 

average evaporation rate achieved in this experiment was 0.83 kg m-2 h-1 under 1 kW m-2 solar 

illumination. Assuming only 0.5 L m-2 h-1 water (60% of achieved efficiency in lab) can be 

collected from the system, average sunlight hours per day is 5.22 hours (average in Hong Kong) 

and only 20 liters of water per adult per day are required. For a typical village house in Hong 

Kong with roof top area of 65 m2, the quantity of water generated on average per day is around 

(65×5.22×0.5) 169 liters, which can meet the basic food and hygiene needs of about 8 adults. 

Therefore, utilization of the BPU sponges as solar absorber materials shows promising prospect 

in practical applications.   

 

4. Conclusions  

      In this study, we have successfully demonstrated significant efficiency enhancement for solar 

vapor generation by using the recycled waste BPU sponge and solar energy. Via one-step 

treatment of dopamine solution, the wettability of the black PU sponge was improved for fast 

dynamics of the fluid transport within the sponge. The porous floatable BPU sponge with low 

thermal conductivity and high durability generated localized heat at the air-water surface so as to 

effectively enhance the water evaporation efficiency. The solar vapor generation efficiency 

reached 52.2 ±2.5% by using the proposed SM-BPU solar absorber, which was more than 3.5 

times higher than the natural evaporation process (14.5%). The BPU sponge was also examined 

for application in ethanol distillation. The results show that the low mass fraction of ethanol 



mixture could be distilled to a higher mass fraction (up to 25 wt% concentration improvement 

for each distillation cycle). Remarkably, the recycling of the waste BPU sponge into useful and 

efficient solar absorber materials for vapor generation can reduce environmental pressure, which 

is more competitive compared with conventional evaporation systems. Such technology can be 

further developed into a system with continues sea/waste water supply and evaporated water 

collection for generation of fresh water from sea/waste water in those areas with very limited 

fresh water supply, e.g. island. It also can be used for chemical distillation, e.g. alcohol 

concentration for biofuel production, to reduce the cost of distillation.  
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