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Abstract— This paper reviews the basic principle of solar 

pond and problems encountered in their operation and 

maintenance. A solar pond is a shallow body of water which 

acts as a solar collector with integral heat storage for 

supplying thermal energy. Solar ponds are mainly two types: 

convective solar ponds and non-convective solar ponds. The 

shallow solar pond and the deep salt less pond are the 

examples of convective type. There are three types of non-

convective solar ponds: salinity gradient solar pond (SGSP), 

membrane solar pond and polymer gel layers solar pond. A 

SGSP is a pool of water about 1-5 m deep, which contains 

dissolved salts to establish a stable density gradient. There are 

three layers in a SGSP: upper convective zone (UCZ), lower 

convective zone (LCZ) and salinity gradient non-convective 

zone (NCZ) in the middle. The Solar Gradient Solar Pond  is 

the most eco-friendly and environment-friendly among all the 

solar energy systems for electricity generation, desalination, 

hot water applications in agriculture, green house heating, 

domestic hot water production and space heating and cooling 

of buildings. 

Key words: Solar Pond, Types of Solar Pond, Convective 

solar pond and Non-Convective solar pond  

I. INTRODUCTION 

Solar pond is a simple and low cost solar energy system [1]. 

Solar pond is an artificially constructed pond in which 

significant temperature rises are caused to occur in the lower 

regions by preventing convection is called solar pond [2]. 

Solar ponds are characterized by their ability to collect large 

amounts of solar radiation and, at the same time, provide long 

term energy storage [3].To prevent convection, salt water is 

used in the pond. Those ponds are called salt gradient solar 

pond [4]. There are two types of solar ponds convective solar 

pond and non-convective solar pond. The shallow solar pond 

and salt less pond are the examples of convective type. There 

are three types of non-convective solar ponds in terms of the 

methods of maintaining layered structure. One is Salinity 

Gradient Solar Pond where density gradient is maintained by 

salt water. The other is membrane solar pond which uses 

horizontal and vertical membranes. The third one is polymer 

gel layers solar pond [5]. A Salinity Gradient Solar Pond 

(SGSP) is a simple and low cost mean to collect and store 

solar energy in the high-density salt water [19].A salinity-

gradient solar pond (SGSP) is a body of water that collects 

and stores solar energy.  

A typical salinity-gradient solar pond has three 

regions: surface zone, main gradient zone, and bottom zone. 

The surface zone, also called the upper convective zone 

(UCZ), is a homogeneous layer of low-salinity brine or fresh 

water. The bottom zone, also called the lower convective 

zone (LCZ), or storage zone, is a homogeneous layer of 

concentrated salt solution. Solar energy is collected and 

accumulated in the LCZ causing the temperature to increase 

[6]. This is the heat collector, heat storage and heat removal 

medium. The bottom boundary is a black body [7]. There are 

many advantages of using solar based power plants (Wu, 

1998), and a few benefits are noted such as, heat energy is 

provided without burning fuel thus reducing pollution, 

conventional energy resources are conserved, there are no 

costs associated with fuel, the low operating temperatures and 

pressure reduces the component costs and it has a 24 hour a 

day potential. 

A. Historical Background: 

The first natural solar lake was described in literature by 

Kalecsinsky (1902). The lake is near Szovata, Transylvania. 

Temperatures near 70°C were recorded at a depth of 1.3 m at 

the end of summer and a minimum of 26°C was recorded in 

early spring. Bottom salinity was about 26 percent NaCl [8]. 

In the 1970s solar pond activities were revived and 

became a national project. Since then four solar ponds have 

been constructed at different locations in Israel: 

1) 1975 - A 1100 m2 pond at the Dead Sea Works where 

energy was extracted for the first time ever (by the 

Scientific Research Foundation).1977 - A 1000 m2 in 

Eilat on the shore of the Red Sea. 

2) 1977 - A 1500 m2 pond in Yavne by Ormat Industries 

Ltd for testing of complete Rankine cycle for energy 

conversion with a 6 kW turbine. The surface water was 

used to cool the turbine condenser. 

3) This was the first time electric power was generated 

continuously, both day and night, from a solar pond. 

4) 1977 - A 6250 m2 solar pond was constructed at Ein-

Boqek, also by Ormat, on the shore of the Dead Sea. 

Temperatures as high as 930C were reached and a 150 

kW generator was coupled to the grid in 1979 and 

operated until 1983,when the plant was dismantled [the 

first desalination experiments were conducted in this 

pond (Doron 1986). 

B. Solar Pond in India: 

The first solar pond in India was a 1200 m2 pond built at the 

Central Salt and Marine Chemicals Research Institute in 

Bhavnagar, Gujarat, in 1970. This solar pond was based on 

bittern, which is a waste product during the production of 

sodium chloride from sea water. The second solar pond was 

a 100 m2 circular pond built in Pondicherry in 1980 [9]. This 

pond used sodium chloride and was operational for two years. 

Patel & Gupta (1981) have discussed the performance of this 

pond. The third solar pond was a 1600 m2 solar pond built at 

Bhavnagar in 1980. This pond was based on bittern and hence 

had problems with the clarity of bittern.  

The fourth solar pond was a 240 m2 solar pond 

commissioned at the Indian Institute of Science, Bangalore, 

in 1984. This pond has provided long-term data on 

continuous heat extraction from small solar ponds and has 

demonstrated the technical and economic viability of small 

solar ponds for low temperature process heat. Srinivasan 

(1985) has argued that low temperature process heat from 
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small solar ponds can be used in hatcheries, hostels and 

dairies. A 400 m2 solar pond has been constructed at Masur 

on the West Coast of India to supply hot water needs of a rural 

community. A 300 m2 solar pond is being built for an 

engineering college at Hubli (Karnataka) to supply hot water 

for student hostels. A 6000m2 solar pond has been completed 

in Bhuj (Gujarat) and is expected to supply hot water for a 

dairy. This project is expected to explore the potential for 

desalination and power generation. 

II. WORKING PRINCIPLE OF A SOLAR POND 

A solar pond is simply a pool of water which collects and 

stores solar energy. Proper operation of the Solar Pond 

depends on the ability to withdraw hot water by a selective 

withdrawal while preserving the density profile of the pond 

[17].It contains layers of salt solutions with increasing 

concentration (and therefore density) to a certain depth, 

below which the solution has a uniform high salt 

concentration. When solar radiation (sunlight) is absorbed, 

the density gradient prevents heat in the lower layers from 

moving upwards by convection and leaving the pond [10]. 

 
Fig. 1: Schematic view of solar pond. 

In a clear natural pond about 30% solar radiations 

reaches a depth of 2 meters. This 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 does not 

attain temperatures much above the ambient. If some 

mechanism can be devised to prevent the mixing between the 

upper and lower layers of a pond, then the temperatures of the 

lower layers will be higher than of the upper layers. This can 

be achieved in several ways. The simplest method is to make 

the lower layer denser than the upper layer by adding salt in 

the lower layers. The salt used is generally sodium chloride 

or magnesium chloride because of their low cost [11]. 

There are other ways to prevent mixing between the 

upper and lower layers. 

One of them is the use of a transparent honeycomb 

structure which traps stagnant air and hence provides good 

transparency to solar radiation while cutting down heat loss 

from the pond. The honeycomb structure is made of 

transparent plastic material. Ortabasi & Dyksterhuis (1985) 

have discussed in detail the performance of a honeycomb-

stabilized pond. One can also use a transparent polymer gel 

as a means of allowing solar radiation to enter the pond but 

cutting down the losses from the pond to the ambient. Wilkins 

& Lee (1987) have discussed the performance of a gel (cross-

linked polyacrylamide) pond.  

III. SALT GRADIENT ESTABLISHMENT OF SOLAR POND 

The two main functional zones of a salt stabilized solar pond 

are the storage zone and the salt gradient zone. A salt gradient 

is an essential feature in a solar pond, and much effort on the 

effects of salt concentration, heat flow, heat extraction and 

diurnal heating and cooling on the salt gradient [38]. 

The heat loss upward from the storage zone of the 

pond to the atmosphere is dictated by the depth of the gradient 

zone. However, the solar radiation penetration into the 

storage zone is also influenced by the depth and clarity of the 

gradient zone. As the heat loss will be reduced according to 

the equation 

Q = KdT/D 

Where Q is the heat flow in W/m2 

 K is the Thermal Conductivity in W/m 0Calcium 

 dT is the Temperature difference in 0C 

and  D is the gradient zone depth in m. 

However, radiation input be also will be reduced 

accordingly to the equation 

T= 55.4e** –0.28(D+S) 

Where T is the radiation transmission in percent 

 D is the gradient zone depth in m 

 S is the depth of the surface convective zone in m. 

The salt gradient zone has an approximate thermal 

conductivity (K), of 0.6 watts per meter    degree centigrade. 

It is imperative that this salt gradient be established and 

maintained properly. 

IV. OPERATING DETAILS OF SOLAR POND 

A. Establishment of Salt quantity: 

To calculate the quantity of salt required in a solar pond it is 

necessary to calculate the weight of water in the storage zone 

and half of the salt gradient zone. The volume of water in the 

storage zone is added to half the volume of water in the salt 

gradient zone. The weight of this vlume of water is then 

multiplied by 0.2 and this will give the total weight of salt 

required for a solar pond with a storage zone having 20% salt 

concentration [39]. 

A solar pond with a gradient zone depth of one meter 

and a storage zone depth of two meters has a salt requirement 

of 500 Kg/m2 of pond surface area. 

B. Gradient Establishment: 

The gradient can be established a number of ways and three 

methods are discussed below. The first method is to fill the 

pond with fresh water to a depth equal to the sum of the 

storage zone depth and half of the salt gradient zone depth. 

All the salt is then dissolved in this water and solution mixed 

up to a make homogenous brine. Fresh water is then floated 

on to the surface of the brine so that solar pond is filled to the 

full operational level. This fresh water is subsequently 

pumped from the surface of the pond into a brine diffuser and 

injected into the high density brine solution. While the 

injection process is proceeding, the diffuser is raised from its 

position within the brine solution to the surface of the pond. 

Alternatively, the pond can be filled with 

concentrated brine as before, but fresh water is not floated 

onto the pond surface. The diffuser is placed at the top of the 

required storage zone and fixed in position. Fresh water 

pumped into the center of Diffuser until the pond surface has 

risen by 5 cm. The diffuser is now moved up 10 cm and fixed. 
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This cycle is repeated until the Diffuser reaches the surface 

of the solar pond. The step- by- step gradient so formed will 

diffuse to establish an even salt gradient in time [40]. 

C. Multiple use Equipment: 

The pumping concepts described above will work perfectly 

well for any size solar pond. However, the larger pond, the 

more pumping is required, and the equipment may be become 

unwidely and impractical. If the heat extraction method used 

for the pond is one which pumps the brine to an external heat 

exchanger using diffusers, then this same equipment can also 

be used establish the gradient initially and to modify it. The 

advantage is that the same capital equipment can be used to 

perform three functions. They are establishing the gradient, 

Heat extraction from the storage zone, and Profile 

modification and maintenance [41]. 

D. Monitoring the Vertical Profile: 

While the Vertical concentration profile of the pond is being 

established, salt concentration measurements need to be 

taken at various depths to evaluate progress. This can be done 

either by gravimetric sampling or by temperature and 

electrical conductivity measurements at selected points over 

the entire depth. Almost any horizontal location in the pond 

is acceptable for sampling since the concentration zones 

quickly become stabilized across the pond. 

E. Conductivity Measurements: 

An electrical conductivity cell and Thermocouple system can 

be used to measure the vertical salt concentration, density and 

temperature profiles in a soar pond. From these 

measurements, a salt concentration, density and temperature 

plot against the pond can be made using equations derived 

from salinity tables. 

F. Gravimetric Measurements: 

A second way of measuring the salt concentrations is the 

gravimetric method used in the laboratory. Samples of brine 

are removed from the pond at specified depths and allowed 

to cool in sealed containers. Once cool, the brine is 

transferred to specific gravity bottles and weighed. 

G. Materials and Corrosion: 

Materials used to transfer the hot brine should be non metallic 

where possible to minimize corrosion. One feature of a solar 

pond is that the storage zone normally contains little 

dissolved oxygen. As long as it not aerated, corrosion is 

minimized. However, any air leaking into the pipe and pump 

seals can add oxygen to the storage zone. 

The plumbing for brine pumping can be effectively 

done in high temperature plastics. In all cases, glued joints 

seem to be preferable to threaded joints to prevent leaks [43]. 

All plumbing should be adequately insulated thermally and 

supported at frequent intervals to prevent sagging to ensure 

joint integrity. Pumps used for pumping brine have ranged 

from expensive fiber reinforced resin pumps to standard off-

the-shelf cast iron units. 

V. TYPES OF SOLAR POND 

A. Salinity Gradient Solar Pond: 

The most common type of solar pond is Salinity Gradient 

Solar Pond. The Salinity or salt gradient solar pond is 

thermodynamically unstable. The concentration gradient 

decays gradually as the result of the salt diffusion potential 

between the concentrated solution at the bottom and the more 

dilute upper layers. This tendency towards the destruction of 

the layered configuration can be counteracted only by a 

proper maintenance of the pond [44]. 

The problems associated with Solar Gradient Solar 

Ponds are  

1) The high cost of salt in some areas 

2) Maintenance of brine clarity  

3) Establishment and maintenance of salt gradient  

4) Environmental effects of potential brine leakage on soil 

and ground water 

5) Corrosive properties of the brine [45-47]. 

A number of alternative solar pond designs have 

been proposed and are currently under development. Many of 

the design features of these alternative solar ponds are 

intended to eliminate the inherent problems associated with 

Solar Gradient Solar Ponds. Other solar pond types are 

Shallow, Gel and Membrane. 

B. Shallow Type Solar Pond: 

A shallow solar pond basically consists of a number of 

interconnected 5 to 15 Cm thick plastic bags with black 

bottoms and clear tops which are placed on some type of 

prepared surface and are covered with a transparent glazing 

to reduce heat loss. This type of solar pond generally 

designed to operate in a batch mode. Water is pumped to the 

collector modules during the day and is heated by the sun. 

The heated water is then pumped to an insulated storage tank 

and/or is used directly [48-50]. 

C. Gel Solar Pond: 

In gel or viscosity stabilized solar ponds, the non-convecting 

layer is composed of a viscous polymer gel positioned by 

transparent films. The gel is located in the upper part of the 

solar pond, is less dense than water and is optically clear. It 

provides insulation against heat loss, and allows the sun to 

heat the bulk of the water below the gel. The gel has low 

thermal conductivity and is viscous enough to avoid 

convection. It uses high viscosity rather than a salinity 

gradient to suppress convection. 

D. Membrane Stratified Solar Pond: 

The Membrane Stratified solar pond uses a number fluid 

layers separated by transparent membranes. Adjacent 

membranes are separated by a distance which is sufficient to 

completely suppress convection. As in the SGSP, heat is 

collected and stored in the LCZ; however, no salt is required 

for this type of solar pond. The major cost component of the 

Membrane Stratified Solar pond is the membranes in the 

NCZ [51]. Other potential problems include membrane life, 

stability, cleaning and changes in membrane transparency 

due to biological growth and discoloration [52].  

VI. FACTORS AFFECTING THE PERFORMANCE OF SOLAR 

POND 

A. Stability of Solar Pond: 

The most essential factor in gradient solar pond stability is 

maintaining the gradient profile in the non-convecting middle 

zone of the pond. A salt gradient solar pond (SGSP) cannot 

operate efficiently without an internally stable non-
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convecting zone (NCZ). The main design consideration for 

the successful operation of an SGSP is to maintain the stable 

state of the NCZ boundaries and level of salt gradient. 

Moreover, the state of the NCZ can be affected by the UCZ 

and LCZ, causing erosion to the integrity of its boundaries; 

erosion leads to a reduction in the thickness of the NCZ and, 

ultimately, the destruction of the pond. 

A solar pond is said to be statically stable if its 

density increases with height from the top [12]. Wind 

blowing at the top surface and heating of the side walls, etc. 

cause disturbance to a solar pond. The  criterion for dynamic 

stability of the pond is somewhat more stringent than that for 

static stability. This criterion can be obtained by perturbation 

analysis of the basic laws of conservation of mass, 

momentum and energy. This has been discussed in great 

detail by Nield (1967) and Baines & Gill (1969). The 

criterion for stability obtained from such an analysis can be 

written as 

βt
∂T

∂Z
< βs

∂S

∂Z
[Sc + 1/Pr + 1] 

Where Thermal expansion coefficient   βt = − (
1

ρ
) [

∂P

∂T
] 

Salinity expansion coefficient  βs = +
1

ρ
[

∂P

∂S
] 

And Pr =Prandtl number 

Sc= Schmidt number 

For typical conditions, this result is simplified that 
∂S

∂Z
> 1.19 

∂T

∂Z
 

The above criterion has to be satisfied at all points 

within the gradient zone in order to prevent development of 

internal convective zones within the gradient zone. 

B. Heat Extraction: 

Heat in the solar pond can be extracted with either a 

submerged heat exchanger or by brine-withdrawal and return. 

In the submerged heat exchanger method, a heat exchanger is 

submerged in the lower zone of the solar pond and heat-

exchange fluid (usually fresh water) is pumped through it to 

extract heat. In the brine withdrawal method, the hot brine is 

pumped from the storage zone by means of a diffuser 

(extraction diffuser) mounted in the storage zone, passed 

through an external heat exchanger, then returned to the 

bottom of the pond through another diffuser (return diffuser). 

In 1994, the diffusers and pipes used in the heat 

extraction system were all made of steel. After several years 

of operation, they all indicated selective rusting. Besides the 

corrosion problem, the free ions of iron were suspected to 

contribute to clarity problems. In 1991 a black layer appeared 

in the pond and the brine became very turbid [23], interfering 

with normal pond operations. Iron reduction bacteria were a 

possible cause. Based on this experience, the heat extraction 

system was redesigned and reconstructed in 1994, when steel 

diffusers were replaced with new ones made of 1.9 cm (3/4 

inch) Polypropylene plate, and connected by 15 cm (6-inch) 

rubber hose to the external piping system. 

C. Rain fall effect on Solar Pond: 

Rainfall can have beneficial as well as detrimental effects on 

the operation of a solar pond. If the rainfall is not heavy, it 

helps to maintain the density of the surface layer at a low 

value. During the monsoon, in the solar pond, there was no 

need for flushing the surface layer to maintain its density at a 

low value. Heavy monsoon rainfall can, however, penetrate 

to the gradient zone and dilute it. The analysis of heavy 

rainfall (greater than 40 mm per hour) in the solar pond 

indicates that raindrops can penetrate to about 50cm from the 

surface. Hence, it may be desirable to maintain higher surface 

zone thickness during the rainy season [9]. 

D. Soil Character: 

Evaluation of geological soil character is necessary because 

the underline earth should be free from stresses, strain and 

crack, which could cause differential thermal expansions, 

resulting in earth movement if the structure is not 

homogeneous [58]. As thermal conductivity of soil increases 

greatly with moisture content the water table of the site must 

be at least a few meters below the bottom of the pond to 

minimize the heat loss [13]. 

VII. SALTS USED IN SOLAR POND 

Sodium chloride and magnesium chloride are the major 

constituents of salts used in solar ponds. Sodium chloride 

brines have been are the most widely used salt solutions in 

solar ponds. The use of sodium chloride salt and water to 

produce solar pond brines has the significant advantage of 

producing highly transparent solutions. After sodium 

chloride, magnesium chloride is the second largest salt 

constituent of sea water. Magnesium chloride is a major 

residue salt in the end brines of solar salt works.  

Compared to sodium chloride, magnesium chloride 

provides much more concentrated brines and greater density 

is produced by dissolution of magnesium chloride salt in the 

water. Nielsen et al. (1982) stated that the approximate annual 

rate of solar pond is 20 Kg/sq m, dependent upon ambient 

conditions and the salt and temperature gradients in the solar 

pond. Murthy et al. [29] suggested the usage of fertilize salts 

in place of  sodium chloride for operating solar ponds. Kurt 

et al. [45] conducted analysis of sodium carbonate salt 

gradient solar pond; determine the suitability of sodium 

carbonate as a salt for solar ponds. 

VIII. LINERS USED IN SOLAR POND 

An unlined solar pond is not advisable because of the 

possibility of aquifer contamination. Besides, salt and heat 

losses occur when a liner is not installed at the bottom of the 

pond. The Liner acts as insulation material at the bottom of a 

solar pond. The liner material should withstand the maximum 

pond temperature and should be chemically stable. Almanza 

et al. [46] stated that clay could be a potential lining material; 

however the use of clay lining may not be suitable for 

compact environment of a solar pond because the hot brine 

can cause some clay to flocculate, making them more porous. 

Raman et al. [47] showed that a plastic membrane, 

sandwiched between two layers of compacted clay was very 

effective. Motiani et al. [48] stated that pure kaolinite 

compacted at optimum moisture content (OMC). 

IX. MAINTENANCE OF SOLAR POND 

A. Gradient Maintenance: 

Gradient maintenance is essential to the long term operation 

of a solar pond. There two requirements for gradient 

maintenance. The first requirement is to recycle or replace 

salt that is continuously diffusing from the high salinity 
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storage zone in the bottom of the pond to the low salinity 

surface convective zone. The second requirement is to 

monitor the salt gradient zone densities and to correct any 

instabilities that may occur within the salt gradient zone [42].   

Maintaining a gradient zone with a sufficient 

thickness and good clarity is the key to operating a salinity 

gradient solar pond successfully. If the salinity gradient is not 

strong enough to balance the effect of the destabilizing 

temperature gradient, both statically and dynamically, 

instability will occur, internal convective layers will form and 

can lead to destruction of the entire gradient. 

The salinity gradient modification by scanning 

injection is the most effective method to control local 

stability, and prevent gradient failure [21].Gradient 

modification can also be accomplished using brine extraction 

from the gradient zone. 

B. Clarity Maintenance: 

Clarity is one of the most important factors in achieving good 

thermal performance. Salt concentration has no significant 

effect on the solar transmittance of brine [22], but suspended 

particles in a solar pond can seriously diminish solar energy 

input to the storage zone. Suspended particles can include 

both organic and inorganic matter. 

X. RECENT DEVELOPMENTS IN SOLAR POND 

Recent works in development aspects of solar pond can be 

given as integrated Rankine cycle for power generation [59-

61], integration of solar pond system with collector system 

[62], maintaining the purity of solar water for preventing 

microbial growth [63], power generation using combine 

thermo syphon and thermoelectric cells [64], developing in-

pond heat exchange methods [65], studies on establishing of 

gradient stability [66], developing of membrane solar ponds 

[67], improving energy distribution and energy efficiency of 

solar ponds [68-71] etc.    

The World’s first commercial scale solar pond is 

constructed Ein Boqek [88-90] in Israel, in 1979. This 

250000 m2 solar pond generated 150 kW power and supplied 

the required Thermal energy input to the power plant. A 6000 

square meter solar pond constructed and operated at the 

Kutch Dairy, Bhuj, India. The pond supplies hot water to the 

Dairy. In 2000-2001, a solar pond constructed at Pyramid Hill 

Salty Private Limited [91]. This 3000 Sq.m. solar pond 

supplies up to 60kW of process heat for commercial salt 

production.  

The university of Texas at El Paso has designed and 

operated a high performance solar pond at a food processing 

facilities located at 20 Km northwest of down town El Paso. 

This pond supplies hot water for electricity production and to 

supply heat to operate a spin flash desalting unit for fresh 

water production. A 1600 m2 solar pond constructed and 

operated to supply heat to run a developmental 20 kW organic 

vapor screw Rankine cycle engine and generator at nearer to 

Alice Springs in Australia [92]. 

Ismail Bozkurt et al. [72] describes the heat storage 

performance investigation of integrated solar pond and 

collector system. In this work the cylindrical solar pond is 

constructed and heat energy collected by collectors, this heat 

transferred to the solar pond storage zone by using a heat 

exchanger system. Neus Gasulla et al. [73] states the brine 

transparency is an important role of the maintenance of a salt 

gradient solar pond.  

The solution of Algal and microbial growth control 

using two different chemical treatment methods. These 

methods are chlorine and a novel chemical product – copper 

ethyl-amine complex methods. Randeep Singh et al. [74] 

described the power generation from solar pond using 

combined Thermosyphon and thermoelectric cells. In this 

work Thermosyphon and thermoelectric cells are fabricated 

and tested under the temperature differences that exist in the 

solar pond. Jimmy Leblanc et al. [75] discussed the heat 

extraction methods from salinity gradient solar pond and 

presents a novel method of heat extraction for improved 

efficiency of solar pond. Heat has generally extraction from 

the Lower Convective Zone of the solar pond. Generally heat 

extraction from solar pond using two methods. The first 

method hot brine from LCZ is circulated through an external 

heat exchanger. In the second method a heat transfer fluid 

circulates in a closed cycle through an in – pond heat 

exchanger.  

The purpose of Novel method for improve the 

efficiency of a solar pond. In this method, the heat extracting 

solar pond from the gradient layer. Enrique Busquets et al. 

[76,77] studied the Thermal analysis and non convective 

Zone salt gradient stability with experimentally. In this work 

stability of a solar pond was experimentally performed, the 

experimental set up is composed of an acrylic tube with a hot 

plate emulating the solar thermal energy as input and also 

stated that the various salinity gradients are performed based 

on the Stability Margin Number.  

Yufeng Shi et al. [78-81] study the effects of porous 

media on thermal and salt diffusion of the solar ponds. They 

conduct the various experiments on solar pond, it shows the 

addition of porous media to the bottom of a solar pond could 

help increase its heat insulation effect and temperature in the 

LCZ of solar pond is increased. Abhijit Date et al. [82] 

describes the new Thermodynamic power cycle for thermal 

water pumping. The new Thermodynamic power cycle with 

help of p-v and p-h curves and the operation of thermal water 

pump based on this cycle with Acetone as working fluid and 

presents a Ideal theoretical performance predictions such 

thermal water pump coupled with a solar pond.  

Choubani Karim et al. [83] states the efficiency and 

life time of a solar pond depends mainly on the behavior of 

the gradient Non Convective Zone. They discuss the mixing 

of the gradient zone in the solar pond. A.Sakhrieh et al. [84] 

discussed the Experimental and numerical investigations of 

salt gradient solar pond. Experimental and numerical parts of 

solar pond performance have been investigated under 

different climatic conditions. Mehmet Karakilcik et al. [85-

87] presents an experimental investigation of energy 

distribution, energy efficiency and ratios of the energy 

efficiency with respect to shading effect on each zones of the 

solar pond. 

XI. OBSTRUCTIONS AND REMEDIES 

1) The transmittance can be reduced cleanliness of the solar 

pond due to contaminants. The Filtration process can be 

used for removing the contaminants. The Construction 

of larger ponds can minimize the effect of contaminants. 
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2) The Evaporation of Upper Convective Zone increases 

because of surface waves. Use of floating nets and wind 

barriers can reduce surface waves and mixing of UCZ. 

3) Algae and bacterial growth. Algae growth can be 

controlled by adding bleaching powder.           

Alternatively, algae growth can be minimized by adding 

1.5 mg CuSO4 per liter of water. If the water used is 

alkaline, CuSO4 will not dissolve. 

The pond clarity can be maintained and the thermal 

efficiency of the solar pond can be improved by using a 

combination of chemical and biological treatment methods. 

Hydrochloric acid could be used initially as a shock treatment 

to kill all the algae and then introduction of brine shrimps 

would control the growth of algal and maintain transparency 

[14]. 

4) Horizontal temperature gradient created by salt solution 

and removal. Injecting and removing salt solutions very 

slowly can minimize horizontal temperature gradient 

[15]. 

XII. SOLAR POND APPLICATIONS 

The solar ponds are widely used in different applications. The 

following solar ponds currently working in different 

countries for different purposes. The largest solar pond built 

so far is the 250,000m2 of solar pond. This pond has been 

used to generate 5 MW (peak) power using an organic 

Rankine cycle. The heat stored in the solar pond can be used 

in a variety of applications. 

Solar ponds are being used commercially for 

production of sodium sulphate using solution-refining 

techniques. The ore (rich in sodium sulphate) mined in the 

Andes Mountains is dissolved in a 400 m2 solar pond 

constructed adjacent to the mines. The brine is removed and 

placed in a cooling pond at night where sodium sulphate 

crystallizes [54-57]. Solar pond concepts have been used to 

prevent precipitation of magnesium sulphate in the salt works 

at the Great Salt Lake in Utah, USA. 

A 2000 m2 solar pond has been constructed to 

provide hot water for a swimming pool in Miamisburg, Ohio, 

USA, One of the longest operating solar ponds A 3355m2 at 

E1 Paso, Texas, has provided valuable experiences through 

16 years of operation and research [18] and demonstrated the 

use of a solar pond for food processing, power generation and 

desalination. The feasibility of grain drying using a solar 

pond has been demonstrated at Montreal (Canada), Ohio 

(USA) and for heating greenhouses at Lisbon (Portugal) .A 

20,000 m2 solar ponds in Italy has been used for desalination 

of sea water and producing 120 tons of fresh water per day. 

Desalination with solar energy is an 

environmentally-friendly concept. Desalination by salinity-

gradient solar ponds is one of the most promising solar 

desalination technology and salinity gradient solar ponds are 

less costly than the other solar options [29–30]. Moreover, 

solar ponds provide the most convenient and least expensive 

option for heat storage.  

This is very important, both for operational and 

economic aspects, if steady and constant water production is 

required. Another advantage of using solar ponds for 

desalination is that reject brine, often considered a waste 

product, can be utilized as a basis to build the solar pond. This 

is an important advantage when considering solar ponds for 

inland desalting for fresh water production, or brine 

concentration for use in salinity control and environmental 

cleanup applications. 

The major limitation of solar ponds for industrial 

applications is the fact that the temperature in the storage 

layer cannot go beyond 95°C. Many industries require 

process temperatures above 100 0C. 

XIII. SOLAR POND TECHNOLOGY IN WORLD 

A large number of experimental solar ponds have been 

constructed around the world. There have also been 

considerable number of demonstration solar ponds 

constructed in India, Israel, Australia and USA which are 

supplying heat [23]. 

A. BHUJ Solar Pond, INDIA: 

In India, solar pond research dates back to 1971. Solar ponds 

were constructed in Bhavnagar, Pondichery, Bangalore and 

other places. But, while these solar ponds helped in 

demonstrating solar pond technology, they were not 

connected to any end use (Kishore and Kumar, 1996). A 6000 

square meter solar pond was constructed and operated at the 

Kutch dairy, Bhuj, India [24]. The pond supplies hot water to 

the dairy. An inexpensive lining the pond. The pond attained 

a maximum temperature of 99.880C under stagnation in the 

month of May. In this pond the heat extraction system 

incorporates an external heat exchanger with brine suction 

and discharge diffusers [25]. 

 
Fig. 2: A Schematic view of Bhuj solar pond, India. 

B. Israel Solar Pond: 

The world’s first commercial scale solar pond power plant 

was installed in Ein Boqek in Israel (Tabor and Doron). The 

plant was commissioned in December in 1979 and was 

connected to the grid in 1984. The pond generated 160 KW 

power for 8 years between 1979 and 1987. Here two solar 

ponds, with combined area of the 250000 m2, that is 25 

hectares [32], supplied the required thermal enegy input to 

the power plant. But, the solar pond power plant was only 

operated for one year, and was commissioned in 1990. The 

reason was geopolitical, rather than performance related 

(Akbarzadeh, Andrews and Golding, 2005). 
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Fig. 3: Bet Ha Arava Solar Pond power station in the Dead 

Sea Israel (Ormat, 2002). 

There has been renewed interest in solar ponds in 

Israel in recent years, but the focus has shifted from 

electricity generation to direct low temperature heating 

applications such as industrial process heating, space heating 

and Desalination [33]. 

C. Pyramid Hill Solar Pond: 

In 2000-2001, a solar pond project was set up at Pyramid Hill 

Salt Pty Ltd. The project was supported by funding from the 

Australian Greenhouse Office under the Renewable Energy 

Commercialization program [26]. The project focused on the 

use of solar ponds for Industrial process heating and in 

particular for the drying process in commercial salt 

production. The pond is located in northern Victoria and is 

approximately 200 Km north of Melbourne on the Pyramid 

Hill – Boort road. 

This 3000 square meter solar pond supplies up to 60 

kW of process heat for commercial salt production [27]. This 

demonstration facility is a good example of a solar pond 

designed for a specific application. 

 
Fig. 4: A schematic view of Pyramid Hill solar pond. 

D. El PASO Solar Pond, USA: 

The El Paso solar pond became the first in the world to deliver 

industrial process heat to a commercial manufacturer in 1985, 

the first solar pond electric power generating facility in the 

United States in 1986, and the nation’s first experimental 

solar pond powered water desalting facility in 1987. The El 

Paso solar pond sustained record breaking, near-boiling 

temperatures, developed and tested the new methods of 

gradient establishment and management, and successfully 

demonstrated the feasibility of the periodic pond concept.  

Also, new clarity and stability control strategies 

have been developed that help identify an optimum stability 

margin for maintaining a high performance solar pond. The 

solar pond efficiency and thermodynamic conversion 

efficiency (heat to power) were found to be 65.5%. The pond 

generated 150 kW power for 7 years [28]. 

The plant has been operation since 1983 and has 

reached a maximum pond temperature 930C. Heat extracted 

upon demand has been used to power an Organic Rankine 

Cycle heat engine (ORC) for electricity production to supply 

hot water and to supply heat to operate a spin flash desalting 

unit and a Licon desalting unit for fresh water production 

[29]. 

The El Paso solar pond experience has demonstrated 

that reliable high performance operation requires continuous 

automatic monitoring of the key pond data to maintain 

profiles that do not require speedy attention to any instability 

in the salinity gradient that might otherwise develop [30]. 

 
Fig. 5: El Paso Solar Pond, Texas, USA. 

E. Margherita di Savoia Solar Pond: 

Folchitto (1991) has described the Margherita di Savoia solar 

pond. The pond was 25,000 square meter and 4 meter deep 

[31]. 500 kW of process heat were extracted from the pond 

for 8000 hours. The pipes were of high density Poly Vinyl 

Chloride and high density polyethylene for bittern or 

seawater and of insulated fiberglass for hot drive (for carrying 

hot brine from and to the LCZ in the solar pond). 

 
Fig. 6: Schematic view of Margherita di Savoia Solar Pond. 

XIV. ADVANTAGES 

1) When solar ponds are used there is no effect of global 

warming. 

2) It is a unique energy trap with built-in long term energy 

storage capacity. 

3) 3. For low grade heat (below 100 0C) collection cost/m2 

of collector area of SGSP is 1/5th that of flat      plate 

collector. 

4) 1 kg of salt as salt-water concentrate can produce energy 

3 times more than the heat produced by burning the same 

amount of coal in the combustion chamber [16]. 

5) Diffuse radiation (cloudy days) can be used. 
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XV. CONCLUSION 

The foreseeable energy shortages due to the increased 

population, industrial activities in the developing countries 

give strength for diversification of energy sources. This 

demands exploration of solar pond which is possible by better 

research and continuous adoption. The existing 

methodologies to trap solar energy need further improvement 

with aim towards ‘sustainable energy'.  Developing countries 

like India facing an enormous challenge to meet the energy 

requirement over the coming years in view of depleting 

foreign fuel reserves. So the developments of solar pond 

systems must suit the requirements of the dense population in 

terms of cost and place requirements. The important points 

are highlighted below: 

 Solar pond is a device used for collecting and storing the 

solar energy. 

 Solar pond can also be used for various thermal 

applications. 

 Heat can be extracted from LCZ either batch mode or 

continuous mode in solar pond. 

 The solar pond is used for green house heating, process 

heat in dairy plants, desalination, agriculture applications 

and power production. 

 Plane mirror, baffle plates and honeycomb surface 

insulation system are used to improve the performance 

of the solar pond. 

 Various methods, used to measure the parameters like 

salinity, thermal conductivity and specific heat of the 

saline water in solar pond. 
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