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Abstract— India faces an enormous challenge it is to meet the 

energy requirement over the next 25 years, because the 

increased population and the Industrial activities in India. 

Solar pond is a natural or artificial body of water for 

collecting and absorbing solar radiation energy and storing as 

heat. Thus a solar pond combines solar energy collection and 

sensible heat storage. This paper presents an overview of 

different Salts and Liners used in solar pond. The salts and 

liners are played very important role in operation of solar 

pond. In solar pond, maintenance of salinity gradient depends 

upon the salt quantity in non-convective zone. Liners are 

insulation material at the bottom of solar pond. The liner 

material should with stand the maximum pond temperature 

and should be chemical stable. The efficiency and life time of 

solar pond depends mainly on the behavior of the gradient 

Non Convective Zone. These ponds are economically 

attractive in climates with little snow and in areas where land 

is readily available. A major advantage of the solar ponds is 

the Independence of the system. No back up is needed 

because the ponds have high heat capacity and enormous 

thermal mass. Nowadays, solar ponds are efficiently used in 

Power Generation, Desalination, Food Processing and Hot 

water Production. 
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I. INTRODUCTION 

Solar Ponds have been studied experimentally and 

analytically at the National Physical Laboratory of Israel and 

by others. Tabour outlines the general concept and the major 

problems. Tabour and Merz [36] carried out theoretical 

investigations of underlying physics of the solar pond and 

laboratory and field tests, to study the many factors affecting 

pond performance. At MIT, Stolzenbach [38] developed 

numerical methods to predict temperature distributions 

within the solar pond.  A group of Russian scientists at the 

Uzbek SSR Academy of Science has been actively engaged 

in very detailed and sophisticated research of relevant 

physics. In India Dr. G.C.Jain [35] has designed and is 

operating a solar pond for use in production of salt at the 

Central Salt and Marine Chemical Research Institute in 

Bhavnagar. Work has also been done at pondicheri, where 

experimental studies have been conducted on a pond 100m2 

in area and 12m deep. 

There are two types of solar ponds convective solar 

pond and non-convective solar pond [1-4].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. Second one is membrane solar pond 

which uses horizontal and vertical membranes and the other 

type 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. 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].  

 
Fig. 1: Schematic view of solar pond. 

The first solar pond in India was of size 1200 m2 

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 [7]. This pond used sodium chloride and was 

operational for two years. Patel & Gupta (1981) have 

discussed the thermal performance of a solar pond. The Third 

solar pond was a 240 m2 solar pond commissioned at the 

Indian Institute of Science, Bangalore, in 1984. The fourth 

solar pond has an area of 6000 m2, located at the Bhuj 

(Gujarat) in 1993, it supplies the process heat needs of dairy. 

Country Area of the pond (m2) Year 

India 

1200 1971 

100 1980 

1600 1980 

240 1984 

6000 1990 

400 1990 

Australia 
3000 1989 

50 2001 

USA 

2000 1984 

200 1979 

3355 1986 

Israel 250000 1984 

Italy 20000 1982 

Argentina 400 1984 

Table 1: Solar ponds in world wide. 

II. TYPES OF SOLAR POND 

There are four types of solar ponds (i) Salt gradient solar ponds 

(ii) shallow solar pond (iii) salt – less convecting ponds and (iv) 

gel and viscosity stabilized pond. Fresh water forms a thin 

insulating surface layer at the top, and below it is the salt water. 
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A salt gradient solar pond is the most common type of 

non convecting solar pond because they are solar energy 

collection with long term storage. They are simple in design 

and low in cost. Such ponds may be reliable source of heat for 

a wide range of Industrial and Agricultural Applications such 

as process heating, space heating, desalination and electricity 

generation. 

The initiative of creating aritificial solar ponds was 

proposed first by Dr. Rudolph Bloch in 1954. A grave research 

effort was initiated in Israel by Tabor in 1958 by establishing 

the mechanism underlying solar ponds through the various 

research techniques. Though, it received a set back in 1966 

when fuel oil was competently cheaper than that available from 

solar ponds [50]. 

The salinity gradient solar pond in India was a 1200 

m2 pond built at the Central Salt and Marine Chemicals 

Research Institute in Bhavnagar, Gujarat, second solar pond 

was constructed a 1600m2 solar pond built at Bhavnagar and 

the another solar pond was a 240m2 solar pond commissioned 

at the Indian Institute of Science, Bangalore, in 1984. The 

number salinity gradient solar ponds are constructed in entire 

world and use in different applications. 

The another type  Shallow solar pond constructed, In 

1906 and 1908, Willsie and Boyle succeeded in raising the 

temperature from 38 to 800C by using dual stages, and single 

and double glass covers (of 110m2); 11kW of peak power was 

obtained. Also in the beginning of the twentieth century, 

Shuman [8] ran a steam engine on the same system used by 

Willsie and Boyle. Furthermore, shallow ponds were used in 

Japan for domestic purposes in the 1930s [9].   

III. SALTS USED IN SOLAR POND 

The use of salts with a significant dependence of saturation 

concentration on temperature has been proposed in the past 

to avoid the problem of destruction of the salt gradient in solar 

ponds by diffusion [43]. If the concentration at different 

depths is kept near saturation, salt diffusion produces 

supersaturation. The salt crystallizes and falls to the bottom 

of the pond, from where it diffuses again, completing the 

cycle. In order to satisfy the static stability conditions, the 

saturation density derivative with temperature should be 

positive. 

The salt type contribution to SGSP stability should 

be appreciably considered. A typical salt for a gradient pond 

must have the following essential features to enhance the 

pond’s performance and stability [10-13]:  

 The salt solubility value must be high enough to meet the 

highest level of solution density required. 

 The salt solubility should not change significantly with 

solar pond temperature variations.  

 When the salt is dissolved in water, the solution must be 

sufficiently transparent to permit solar irradiation to the 

bottom of the pond. 

 It must not cause any contamination to the ground water.  

 For cost considerations, it should be cheap and abundant, 

and near to the pond’s location. 

 The salt molecular diffusivity Ks should be low. 

The Different Salts used in solar ponds are sodium 

chloride (NaCl), magnesium chloride (MgCl2) and sodium 

sulphate (Na2SO4).   

 

A. Sodium Chloride 

Sodium chloride is the most effective salt by far for filling 

and operating solar ponds all over the world. Sodium chloride 

also represents the largest proportion (77%) of sea and ocean 

water salts, and it is one of the most stable salts with 

temperature variation. Moreover, the transparency of sodium 

chloride brine is appreciably high, and it is one of the cheapest 

salts in the world. This salt has the ability to be dissolved in 

water up to 27-30% before reaching saturation, which is 

relatively low [17]. 

B. Magnesium Chloride 

Another commonly used salt in salinity ponds is magnesium 

chloride (MgCl2), which is considered the second largest salt 

constituent of sea and ocean water, although it is the largest 

proportion of salt in the Dead Sea (as well as in some salt 

works brines). This salt is exceptionally stable during 

operation; it also exhibits great solubility in producing brine 

with high density, as it is able to dissolve between 35 and 40% 

according to the solution temperature. This salt has been used 

in two ponds in Israel and a large pond in the USA [14-16]. 

In comparison with sodium chloride, magnesium chloride is 

able to produce higher salinity brine, and is more stable 

during the solar pond’s operation. However, it is much more 

expensive than sodium chloride. 

C. Sodium Sulphate 

Sodium sulfate has this property for temperatures up to 

32.40C. At that temperature, the saturation curve has a kink 

related to the change of phase from a decahydrate to an 

anhidrous form. For higher temperatures the stability 

condition no longer holds true. To surmount this difficulty, a 

working scheme can be adopted where the concentration as a 

function of depth is such that the pond is saturated only near 

its surface. In order to obtain a gradient large enough as to 

guarantee stability in the non-convecting region, the 

concentration at the surface must be low and therefore the 

temperature must be low [15]. 

For sodium sulfate, a temperature below 100C is 

desirable. Where there are large sodium sulfate salines and 

heat could be used for mining industries, space  heating and 

electric power generation [11]. Because of the high altitude 

(3500 m) and dryness of the region, the night temperature is 

adequate even in summer. It is important to remark that a few 

hours of these low temperatures are probably enough for the 

production of crystals. 

D. Ammonium Salts 

The use of ammonium salts in salt gradient solar ponds 

eliminates the environmental problems associated with NaCl 

by incorporating the salt discharge from the solar pond into 

the fertilizer cycle of an agricultural system [13-16]. The 

thermophysical properties of several ammonium salts 

suggests that both ammonium nitrate and ammonium sulfate 

can provide hydrodynamic stability equivalent to NaCl. The 

cost of the fertilizer salt is based on the real interest for 

holding the fertilizer in inventory. Costs are independent of 

the rate at which the salt is cycled through the pond, which 

makes desirable a maintenance scheme that minimizes the 

thickness of the upper convecting zone.  
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IV. METHOD FOR CALCULATING SALT QUANTITIES 

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 volume 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 a twenty 

percent salt concentration. 

A solar pond with a gradient zone depth of one meter 

(3ft) and a storage zone depth of two meters (6ft) has a salt 

requirement of 500 kg per square meter of pond surface area. 

At a cost of ₨.2272 Per ton delivered, that gives a price of 

Rs.1136 per square meter of pond surface area (Rs.97 per 

square foot of pond surface area.  

V. 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 may be defined as it cover the inside surface 

with layer of a solar pond. The Liner material should be able 

to with stand the anticipated maximum pond temperature, be 

resistant to ultraviolet radiation and should not react with salt. 

The uses of solar pond are reduce the heat loss from the sides 

and ground level, easily salinity gradient establishment, 

improve performance of solar pond and increases the pond 

efficiency. 

Almanza et al., [45] stated that Laboratory studies 

had shown clay could be a potential lining material. However, 

use of clay-only lining might not be suitable for compact 

environment of a solar pond because the hot brine can cause 

some clays to flocculate, making them more porous (Almanza 

and Cas- taneda). Experiments conducted in a liner test rig 

(Raman and Kishore) showed that a plastic membrane, 

sandwiched between two layers of compacted clay was very 

effective. While LDPE (low density polyethylene) was 

chosen as the membrane material, the choice of clay had to 

be made between bentonite and kaolinite (China clay), both 

mined locally. However, since bentonite was six times 

costlier than kaolinite and also, more prone to form cracks, 

the latter was selected.  

Motiani et al., To test different lining configurations, 

experiments were conducted at the site where five tests were 

made and lined differently. Pure kaolinite compacted at 

optimum moisture content (OMC), although desirable from 

the point of view of impermeability, poses two practical 

problems [. First, when it dries, huge shrinkage cracks appear 

and second, wet clay very difficult to work with due to 

stickiness. To improve the workability and also to minimize 

the shrinkage cracks, it was decided to mix sieved local soil 

with the clay. Addition of sieved soil minimized the 

formation of shrinkage cracks at the cost of the permeability 

coefficient. 

The pond lining system is important for brine 

containment and is one of the major cost elements. Liners 

must be able to withstand the harsh salinity gradient solar 

pond environment, have long lifetime of use, and be cost 

effective. Pond leakage must be prevented to avoid the loss 

of salt, where salt costs are appreciable, and to avoid 

environmental contamination where salt would be a problem. 

Several different lining systems have been used in solar 

ponds, including flexible membrane liners and compacted 

clay/plastic buried liners [18].The different liners are an XR-

5 8130 liner, a geosynthetic clay liner (GCL), and a 

polypropylene liner. 

A. XR-5 Liner 

The XR-5 liner, a PVC coated polyester fabric, had been used 

since the 1970s in several solar ponds [19]. This liner, having 

a 1.0 kg/m2 finished weight. The projected lifetime of the XR-

5 liner was 20 years. However, it failed in 1992 after seven 

years of pond operation. Over 100 holes were identified on 

the XR-5 liner on the lower side walls. A failure analysis 

indicated that the XR-5 liner, near the storage zone in the 

pond, where the liner was exposed to high temperature, had 

become very brittle and the strength of the material 

deteriorated to as low as 10% of its original strength [20]. 

1) Features of XR-5 Liner: 

 Excellent Chemical Resistance 

 Oil Resistance 

 Flexible 

 Reinforced - Extremely Durable 

 Low Thermal Expansion / Contraction 

 High Temperature Resistance  

 UV Stable 

 Superior Tensile Strength. 

B. Geosynthetic Clay Liner (GCL) 

An alternative to a geomembrane liner is a compacted 

clay/plastic lining (CCL) system, which was used for the 

solar pond. The characteristics and cost of CCL are very site 

specific, and can vary depending upon the experience of the 

installers [21]. The various types of lining systems are, a 

flexible polypropylene geomembrane and a geosynthetic clay 

liner for the ponds. The GCL is overlapped and thus requires 

no seaming, making installation much easier and less 

expensive. The bentonite has 92% montmorillonite content 

and is formulated to resist the effects of contamination from 

salt water. It has a free swell of 31 ml per 2 grams of dry 

material. Based on measured leak rates, the hydraulic 

conductivity of the GCL was found to be on the order of 

231026 cm/sec [22]. 

1) Hydraulic conductivity, chemical compatibility and 

diffusion of GCL 

The hydraulic performance of GCLs depends in most cases 

on the hydraulic conductivity of the bentonite. The only 

exceptions are GCLs containing a geomembrane where the 

geomembrane is seamed during construction (e.g., with a cap 

strip). In general, laboratory hydraulic conductivities to water 

of different types of geotextile-supported GCLs vary 

approximately between 2*10-12 and 2*10-10 m/s, depending 

on applied confining stress . Petrov et al. (1997a) attributed 

the reduction in GCL hydraulic conductivity to lower bulk 

void ratios resulting from higher confining stresses. More 

importantly, they showed that there is a strong correlation 

between the bulk void ratio and the hydraulic conductivity, k, 

for a given permeant [45,46]. GCLs are often used to contain 

liquids other than water, in this case the evaluation of 

hydraulic conductivity of GCLs when acted upon by 

chemical solutions is of a paramount importance. 

Diffusion is a chemical process involving 

contaminant migration from areas of higher concentration to 



A Note on Significance of Salts and Liners used in Solar Pond 

 (IJSRD/Vol. 5/Issue 06/2017/260) 

 

 All rights reserved by www.ijsrd.com 1083 

areas of lower concentration even when there is no flow of 

water. The diffusive behaviour of inorganic contaminants 

through a GCL has been reported recently by Rowe (1998) 

and Lake and Rowe (2000). Their main findings Diffusion is 

a chemical process involving contaminant migration from 

areas of higher concentration to areas of lower concentration 

even when there is no flow of water [44].  

2) Features of GCL 

 Replaces compacted clay liner 

 Delivers a thin layer of high quality bentonite 

 Needle-punched to add shear strength 

 Simple overlap seams- See more at:  

C. Ethylene Propylene Terpolymer (EPDM) 

EPDM is a durable geomembrane performance history in 

exposed applications, such as pond liners, lakes, canals, fish 

stock ponds. It can be self-installed in residential water 

features. EPDM exhibits high tensile strength and excellent 

resistance to punctures, UV radiation, weathering and 

microbial attack [22]. It is also highly flexible material with 

a low co-efficient of thermal expansion and contraction, 

enabling it to lay flat in a wide range of temperatures and 

terrains thereby conforming well to irregularities in the sub 

grade. EPDM pond liner exhibits excellent elongation 

characteristics and does not require a soil cover. 

Its resistance to weathering and UV exposure comes 

into play around the waterline where the membrane can be 

exposed with rising and falling water levels [20]. Its ability to 

expand and contract, while maintaining its integrity as water 

levels and temperatures change. 

1) Features of EPDM 

 Excellent UV Stability 

 Easily Repaired 

 Excellent Elongation 

 Panels Up To 50' wide and 200' long.   

D. High Density Polyethylene (HDPE) 

HDPE is the most widely used geomembrane in the world and 

is used more commonly internationally due to its availability 

and relatively inexpensive material cost. HDPE is an 

excellent product for large applications that require UV and 

Ozone resistance, chemical resistance or high-quality 

installations [42]. HDPE is available in thicknesses ranging 

from 40 to120 mil. HDPE Lining materials are a cost 

effective choice for exposed lining projects. This product is 

successfully used in solar ponds. 

The Installation of HDPE Liner is a very technical 

product to install properly. HDPE requires specialized 

welding equipment and certified welding technicians to be 

installed properly.  The most common method of securing the 

liners on side slopes is by means of an anchor trench around 

the perimeter [44].  A batten strip or an embed channel 

system is used to attach the liner to structures. 

1) Features of HDPE 

 Good Chemical Resistance 

 UV & Ozone Resistance 

 Certified Installation Technicians Required For 

Installation. 

 Colors: Black, White, Green, & Custom with min 

quantities. 

 Available In 20, 30, 40, 60, 80, & 100 mils. 

 

E. Poly Vinyl Chloride (PVC) 

Poly Vinyl Chloride (PVC) is the most commonly specified 

lining material in the solar pond. Manufactured by the 

calendaring or extrusion process, it is a highly flexible, non-

reinforced, cost-effective, waterproofing geomembrane [48].  

PVC has high puncture strength and excellent abrasion 

resistance. Because of its high flexibility, PVC liners readily 

conform to sub grade contours and offer excellent interface 

friction without being textured. The use of a PVC liner 

prevents contaminants from entering groundwater sources or 

streams. In addition, it conserves potable water resources by 

preventing seepage loss. 

A PVC liner can be easily installed by unrolling and 

unfolding the liner into the pond and seaming the panels using 

adhesives or wedge welders [41]. Your liner can be installed 

using customer provided labor and a CLI supervisor, or in a 

turn key installation provided by one of CLI's professional, 

certified crews or affiliate installers.    

1) Features of PVC 

 Cost Effective 

 Available In 20, 30, 40 & 60 mil 

 Easily Installed 

 Very Flexible 

 Conforms Well To Sub-Grade Contours 

F. Reinforced Polyethylene (RPE) 

An extremely durable liner is UV stable and is designed to be 

left exposed. It is a proven solution mostly due to its excellent 

puncture resistance [38,39]. RPE can be used in exposed 

wastewater treatment plants, agricultural ponds, oil & gas 

temporary evaporation ponds, irrigation reservoirs and more. 

Reinforced Polyethylenes (RPE) are manufactured from a 

very chemical-resistant, Linear Low Density Polyethylene 

with excellent cold crack performance. RPE Liner is 

formulated with thermal and UV stabilizers to ensure long life 

and excellent chemical resistance. The Installation of RPE  

using heat fusion welding equipment, operated by a trained 

technician, which offers a high quality lining system.  

1) Features of RPE 

 Excellent Weather Ability 

 Quick Installation 

 Exceptional Tear & Tensile Strength 

 Excellent Chemical Resistance 

 Superior UV & Ozone Resistance. 

VI. FACTORS AFFECTING PERFORMANCE 

The thermal efficiency of the pond depends on the thickness 

of the various zones in the solar pond. An increase in 

thickness of the UCZ reduces the amount of solar energy 

reaching the storage zone. Therefore the thickness of the UCZ 

should be very less. The various factors, affecting thermal 

performance of the solar pond are discussed under. Xiang et 

al. [44] did the thermal calculation by changing the incident 

rays from a Xe-lamp into natural ray and halogen lamp. 

As a result, it was found that the temperature 

distributions in the solar pond were notably different due to 

spectral characteristics of the incident ray. Therefore, the 

spectroscopic consideration for thermal performance of any 

solar pond was necessary to obtain a correct solution under 

the spectral incidence with special wavelength distribution. 
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A. Water turbidity and bottom reflectivity 

The suspended matter in solar pond salt water, which 

prevents the penetration of light inside water, is called 

turbidity. Jackson turbid meter is used to measure turbidity. 

The unit for turbidity is helometric turbidity units. Wang and 

Yagoobi [46] studied the effect of turbidity on the thermal 

performance of a salt gradient solar pond. They found that 

high turbidity levels could prevent ponds from storing energy 

in the LCZ. Husain et al. [47] proved that reflective bottom 

and turbidity with certain limits improve the efficiency of 

pond. Giestas et al. [48] studied the gravitational stability of 

a salty layer of a fluid subject to an adverse temperature 

gradient as a result of heat absorption. 

B. Wall shading effect 

The thermal performance of a solar pond is a function of solar 

irradiation, heat losses from the sides to the surroundings and 

from the LCZ towards the upper layers, ultimate storage 

capacity, and the effectiveness of the heat exchanger system. 

In small vertical wall solar ponds, the shading of walls plays 

an important role on reducing the sunny area of the pond and 

its thermal performance. Jaefarzadeh [49] analyzed the effect 

of wall shading on the LCZ temperature. A numerical 

investigation was conducted by Jubran et al. [50]. They 

developed a model to predict the generation of convective 

layers on the solar pond walls. 

C. Effect of energy extraction 

The temperature of the UCZ and LCZ are almost uniform. 

The temperature of the NCZ increases, when the depth 

increases. When the thickness of the NCZ increases, the 

temperature of the UCZ also increases. Al-Jamal and 

Khashan [34] proved that the thickness of the NCZ was 

dependent on the amount of heat extracted from solar pond. 

VII. MATHEMATICAL EXPRESSION FOR SOLAR POND 

A salt-gradient solar-pond collects and stores solar-in solation 

as heat in single unit. The stability of the solar-pond is 

normally maintained by the presence of the salt when exposed 

to solar in solation for heating. 

Following assumptions were made, both the Upper 

Convective Zone and Lower Convective Zones have uniform 

and constant temperatures and salt concentrations, whereas 

the temperature and the salt-concentration increase with 

depth in the NCZ layer. In the steady-state [23-29]. 

Rate of heat input = Rate of heat stored in the LCZ 

+ rate of heat losses, 

i.e. 𝑄𝑖𝑛 = 𝑄𝑠𝑡𝑜𝑟𝑒𝑑 + 𝑄𝑙𝑜𝑠𝑡  

The temperature of the stored zone (LCZ) at the end 

of the period, Tt+dt is 

Tt+dt =
{As[hzIg + (kwTa/dncz)] + [mCpTt/dt]}

{[mCp/dt] + [Askw/dnc]}
 

Where; 

𝐴𝑠 surface area, m2 

𝐶𝑝 specific heat of stored water, J/KgK 

𝑑𝑛𝑐𝑧 lower vertical zone vertical extent, m 

𝑑𝑡 time intervals, (sec) 

ℎ𝑧 fraction of solar in solation penetrating to LCZ, 

𝐼𝑔 hourly in solation incident on the surface, W/m2 

𝑘𝑤  stored-water thermal conductivity, W/mK 

𝑚 mass of the water in the store, Kg 

Ta ambient temperature,0C 

Tt temperature of the pond at time t,0C 

Qin rate of energy input to the pond, W 

Qlost  rate of energy lost from the LCZ to 

environment, 

The fraction of solar radiation penetrating to the 

depth z in the pond is taken as 0.7. 

Cpw = a1 + a2Tw + a3Tw2 + a4Tw3  

And 

a1=4.206–6.6197s+1.2288*10-2s2 

a2=-1.1262+5.4178*10-2s–2.2719*10-4s2 

a3=1.2026*10-2–5.5366*10-4s+1.8906*10-6s2 

a4=6.8774*10-7+1.517*10-6s–4.4268*10-9s2 

Where “s” is the salinity of the LCZ in g/Kg. 

The effectiveness of the copper heat exchanger is 

taken as 0.9. The vertical distant (dncz) of the NCZ is 0.9 [30-

33]. The water passing through the copper heat exchanger 

gets heated up due to the heat stored in the LCZ. For every 

time interval dt, the change in saline water temperature is 

taken as the sum of initial temperature (ambient temperature 

in the case of first iteration) and the final temperature 

difference. 

VIII. METHODS TO IMPROVE PERFORMANCE 

To increase the temperature of the LCZ, Aboul-Enein et al. 

[34] used plane mirror at the top portion of the mini solar 

pond. To minimize the shadow effect, Ibrahim and El-Reidy 

[39] used mobile covered shallow salt less solar pond. Higher 

water temperature was obtained when the reflector is adjusted 

than the adjusting the orientation angle of the pond. 

A baffle plate was used and thermal performance 

was studied by El-Sebaii [37] and proved that the 

performance of the pond with the baffle plate is better than 

that of the pond without the plate and the thermal 

conductivity of the baffle plate has no effect on the pond 

performance. A solar pond with honeycomb surface 

insulation system was designed by Arulanantham et al. [40] 

to minimize the losses. They also proved that efficiency of 

the pond is around two times greater than ordinary 

conventional salt gradient solar ponds. In solar ponds, the 

LCZ plays a dual role. Heat is extracted from solar pond from 

this zone only.  

Also it is acting as a storage zone. A method was 

suggested by Prasad and Rao [41] to estimate the thickness of 

the LCZ of the solar ponds. Rivera and Romero [42] used a 

single stage heat transformer operating with the water/lithium 

bromide mixture to demonstrate the feasibility of the systems 

to increase the temperature of the heat obtained from solar 

ponds. 

IX. CONCLUSION 

Solar pond is a device used for collecting and storing the solar 

energy. The pond, either natural or man-made, contains salt 

water, which acts differently than fresh water. The 

maintenance of a solar pond is generally simple and of low 

cost. The pond can be located anywhere that is suitable for 

building a pond, as long as there is access to direct sunlight 

near the pond site. Natural Brine, Magnesium chloride and 

Sodium sulphate salts are used in the solar pond instead of 

Sodium chloride. But Sodium chloride used in solar pond 

gives better result and maintenance cost of salt is low 
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compared to another salts. Compared to XR-5 Liner and 

Geosynthetic Clay Liner, the XR-5 liner is cannot withstand 

the high temperatures in storage zone of the solar pond. But 

Geosynthetic Clay Liner with stands the high temperatures, 

making installation much easier, it does not require seaming 

and less expensive. The solar pond is used for green house 

heating, Desalination, Process heat in dairy plants, 

Agriculture applications and Power production.  
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