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 This paper emphasize the effect of salt concentration on thermal energy storage in terms 
of temperature rise. Increase in temperature at different layers of the solar pond has direct 
indication on the effect of salt concentration. On experimental set up of solar pond with 
the salt concentration varied in the range of 160-250g by adding the water stored in the 
pond is analyzed. The temperature measured at different concentration of salt helps to 
extract sensible heat which could as energy storage.  The analysis is carried out to 
determine the characteristics of different layers in the solar pond by varying salt 
concentration. Temperature Vs time behavior of the solar pond on varying concentration 
of salt is verified experimentally by plotting its characteristics. 

 

INTRODUCTION 
 

Increase in energy demand has increased the need for Renewable Energy. Solar energy being one of the major 
renewable energy sources plays a vital role in this field in different forms based on the technology used. Solar 
photovoltaic and solar thermal are the two main forms of technology for utilizing solar energy. To meet the 
increasing demand, energy storage is equally important as energy generation. This storage can be of any form such 
as electrical energy storage, mechanical energy storage, thermal energy storage, chemical energy storage etc,. Solar 
thermal energy is one such technology in thermal energy storage system. Solar pond, a type of solar thermal energy 
system, traps the heat energy of sun and stores it in the lower layer of water which acts as an energy storage 
medium.  

Basic principles of solar pond technology, its working, difficulties in operation and maintenance and its 
technical and economical viability are discussed and reviewed in the paper (Srinivasan, J., 1993; Goutham, 
Karakavalasa and Chukka siva krishna, 2013). Use of polythene in heat storage layer increases the rate of rise of 
temperature in the lower layer compared to the rate of rise of temperature in a solar pond with single porous layer 
(Sifuna, D.B., et al., 2014). Performance analysis of solar pond with different types of salts such as Ammonium 
Sulphate ((NH₄)₂SO₄), Sodium Chloride (NaCl), Magnesium Chloride (MgCl₂) are discussed in the papers (Hull, 
John R, et al., 1989; Hull, John R., 1986; Bozkurt, et al., 2015; Berkani, et al., 2015; Hassairi, M., et al., 2001; 
Kooi, C.F., 1979). The computer based model for the study of thermal behavior of salt gradient solar pond was 
developed and suggestion for the usage of transparent membrane below the air or water interface of solar pond to 
maintain the purity of pond solution was given in the paper (Hull, John R., 1980). The study to enhance convection 
heat transfer by fin type solar still combined with solar pond was presented (Appadurai, M and  V. Velmurugan, 
2015). The use of porous medium in salt gradient pond and its effect in terms of salt diffusion was experimented 
and the results are given in the paper (Wang, et al., 2015). Effect of combining solar still with solar pond during 
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different times of the day and the thermal performance of solar pond during high sun shine are discussed in the 
papers (Malaiyappan, Prakash and Natarajan Elumalai, 2015; Bozkurt, Ismail and Mehmet Karakilcik, 2015).  
Result of integrating membrane distillation with solar pond is presented in paper (Suarez, et al., 2015).  
Experimental investigation on effect of concentration on efficiency of solar pond was analyzed using simulink 
model (Ali, et al., 2012; Fonseca, T., et al., 2003). This work is been extended in this project by considering the 
practical experimental setup of small scale solar pond to analyze the rate of rise of temperature with varying salt 
concentration.  

Organization of this paper is as follows: Review on research work in the area of solar pond technology is 
discussed in the section I. Basics of solar pond technology; its working principle and its operation are described in 
the section II. Section III describes the experimental hardware setup of solar pond with different case studies based 
on varying salt concentration and its effect on rate of rise of temperature. Result of the work is discussed in the 
section IV. Section IV briefs out about the conclusion of the work and future scope related to this work.  
 
Solar Pond Technology: 
A. Principle: 

Solar pond is a novel device combines collection and storage of solar energy in low grade thermal form. It is a 
large area solar collector that uses water as medium for three main functions such as: (i) Collection of radiant 
energy and its conversion in to heat, (ii) Storage of heat and (iii) Transport of thermal energy out of the system. The 
solar radiation is absorbed at the bottom of the pond.  

The hotter water at the bottom becomes lighter and hence rises to the surface. Here it loses heat to the ambient 
air and hence, a natural pond doesn’t attain temperatures much above the ambient (Hull, John R, et al., 1989).  

Salt gradient of the solar pond will prevent this energy loss, which happens due to convection.  
The system works on the principle that the solar radiation falling on the surface of water will penetrate and 

enters the lower layer of the solar pond, where the higher salt concentration prevents the heat from moving upwards 
and thus absorbing heat at the bottom layer. pond is a novel device combines collection and storage of solar energy 
in low grade thermal form. It is a large area solar collector that uses water as medium for three main functions such 
as: (i) Collection of radiant energy and its conversion in to heat, (ii) Storage of heat and (iii) Transport of thermal 
energy out of the system. The solar radiation is absorbed at the bottom of the pond.  

 
A. Schematic diagram of solar pond:  

Practical solar pond consists of three layers. Bottom layer with higher salt concentration, middle layer with 
medium concentration, which is less than the concentration of bottom layer and the top layer with very less 
concentration.  

Here, salt concentration increase with depth and water in the gradient can't rise because the water above it has 
less salt content and therefore lighter. 

Similarly, water can't fall because the water below it has a higher salt content and is heavier. Thus; stable 
gradient zone can act as a transparent  insulator, permitting sunlight to be trapped in the hot bottom layer from 
which useful heat is withdrawn. The bottom of the pond is generally lined with a durable plastic liner made from 
material such as black polythene.  

Salt like magnesium chloride, sodium chloride are dissolved in the water. Solar pond is classified into 
convecting and non -convecting. Convecting solar pond consist of pure water enclosed in a large bag that allows 
convection but hinders evaporation and glazing materials may be PVC film or clear acrylic panels. The bottom of 
the bag is black and the top is transparent and bag has foam insulation below.  

The non-convecting solar pond prevents heat losses by inhibiting the convection to forces caused by thermal 
buoyancy and most common type of non-convecting solar pond is salt gradient pond. The simple schematic 
representation of solar pond is shown in Figure 1.  

 
Fig. 1: schematic diagram of solar pond 
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Experimental Set Up Of Solar Pond And Its Results: 
Based on the solar pond technology energy extraction was carried out on a small scale experimental set up. In 

this set up to test the impact of salt concentration on bottom layer temperature, salt namely Sodium Chloride (NaCl) 
or Magnesium Chloride (MgCl2) can be considered.  

For the analysis, sodium chloride (NaCl) as salt is taken into account. The experimental set up shown in Figure 
2 of solar pond is build up by considering a vessel coated in black to absorb comparatively large amount of solar 
energy.  

The quantity of NaCl is varied in the range of 150-250g for testing under different concentration. 
Thermometer to measure the bottom layer temperature, water, transparent cover for green house effect, solar power 
meter to measure the solar irradiance, outer insulation material namely Styrofoam is used to reduce losses. The 
temperature at the bottom level of the water with higher in salt concentration is analyzed.  

 

 
 
Fig. 2: Experimental set up of solar pond 

 
Three different observations as case studies are carried out for different concentration level of salt pouring in 

the solar pond is highlighted in Table 1, Table 2 and Table 3. 
 
Table 1: Observation 1 under salt concentration at bottom layer of the solar pond 

S. 
No. 

Layer 
Amount of Water 
(ml) 

Amount of salt added (gm) 

1 Bottom 250 62.5 
2 Middle 250 31.25 
3 Upper 250 0 

 
Table 2: Observation 2 under salt concentration at bottom layer of the solar pond 

S. 
No. 

Layer 
Amount of Water 
(ml) 

Amount of salt added (gm) 

1 Bottom 250 125 
2 Middle 250 62.5 
3 Upper 250 0 

 
Table 3: Observation 3 under salt concentration at bottom layer of the solar pond 

S. 
No. 

Layer 
Amount of Water 
(ml) 

Amount of salt added (gm) 

1 Bottom 250 182.5 
2 Middle 250 62.5 
3 Upper 250 0 

 
Under varying salt concentration at the bottom layer of the solar pond in three observations are tabulated in 

Table 1, Table 2 and Table 3, the temperature is measured and tabulated in Table 4. Graphical representation of the 
results obtained are shown in Figure 3 under observation 1(o1), observation 2(o2) and observation 3 (o3). 

 
Table 4: Temperature change at different observation 

S.No 
Duration 
(min) 

Temp at O1 (ºC) Temp at O2 (ºC) 
Temp at  
O3 (ºC) 

1 15 51 46 48 
2 30 52 54 55 
3 45 53 59 61 
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Fig. 3: Effect of salt concentration on temperature  

 
With respect to the temperature variation, one cannot judge the thermal storage depending on the time 

duration. The efficiency of the solar pond would help to judge the thermal storage which depends on time. 
Therefore, the thermal efficiency of solar pond is expressed in equation (1); 

mxCpx t
% x100

Ir(av)xAxt

∆η =                                                       (1) 

Where; 
m= mass of water and salt in gm; 
Cp= specific heat of water (1000 J/gmºC) and salt    
(0.864J/gmºC); 
∆t= temperature difference in ºC; 
Ir(av)= Average Irradiance in W/m2; 
A= Area of the solar pond in m2; 
t= time in sec; 
From the thermal efficiency referred in equation (1) of the solar pond increases with decrease in time which is 

validated in Table 5.  
 
Table 5: Efficiency of thermal storage at different duration 

Observation 
Duration (minutes) 
15 30 45 

1 42 20.4 12.85 
2 34.02 25.5 15.12 
3 47 26 18.9 

 
From Table 5, thermal efficiency is higher at short duration of time specifically 15 min. Therefore, at 15min of 

duration under higher salt concentration of observation 1, 2, 3 tabulated in Table1, Table2 and Table3 shows that at 
increased concentration improves the thermal efficiency of the solar pond. The result is tabulated in Table 6. 

 
Table 6: Efficiency of thermal storage at varying salt concentration 

Observation 
Amount of water  
(ml) 

Amount of salt (gm) Efficiency 

1 250 62.5 42.5 
2 250 125 34 
3 250 182.5 47.5 

 
From the results obtained, it is clear that, as the concentration increases and time decreases in the bottom layer 

of the solar pond would result higher thermal efficiency. 
  

Conclusion: 
The thermal storage efficiency of the solar pond depends on salt concentration and time at which it is focused 

to irradiance. The conclusion from the above experimental observation is, increase in concentration increases the 
temperature as well as the thermal efficiency. During the experimentation, water gets evaporated and forms a layer 
on the surface of transparent sheet, preventing the penetration of radiation through the sheet thus as increase in 
duration have negative impact on thermal efficiency.                                        
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