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 Solar pond is an effortless and cut-rate solar energy method which gathers solar energy and preserves it as thermal energy for a fairly 
elongated time interval. When solar energy 
periphery assorted layer or upper convective zone. In several realms, we can employ the solar pond for assessing the values i
several techniques. Many a technique or chemical agent and computer modeling computation performed elsewhere are also executed in 
solar pond operation, yielding an identical efficiency value speak volumes on the superb competence of the solar pond. What w
out as our goal in shaping this innovative technique is the one and only “North
sparkling with the added features of minimal overhead and marginal low cost and low accumulation period. Through this attempt
taken pains to sketch a realistic portrayal of diverse modeling processes executed in solar pond and from amidst them we have
our attention on the innovative model founded on the robust pillars of performance and productivity. Our review has we
performance of three wonderful and unique models viz. solar pond with k
desalination plant model. Our investigation rated these three models as the best and efficient ones among their
are haunted by hitches in the form of inconsistency and inaccuracy. We have taken due care of these malaises and hence to yie
precision, the services of the evolutionary algorithms like Genetic Algorithm, Particle swarm
etc with solar pond and materials have been availed of. Our research work is an apt guide in evaluating and locating the mate
chemical component which will usher in topmost efficiency value in solar pond app
with interest by the inquisitive investigators bent on thrusting into the unexplored horizons of the solar pond and that our 
offers in a nutshell the ins and outs of the solar pond and its
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INTRODUCTION  
 

Just like a rainbow among the clouds, it is a 
welcome sign that the salinity gradient solar pond is 
emerging as a treasure-house of solar energy, where 
the otherwise-lost energy is saved and stored for later 
use. With the added advantage of integral therma
energy storage, it is extensively made use of 
throughout the year, ignoring the flirtations of time 
and season. What happens in a commonplace pond is 
that the sun’s rays warm up the water making it so 
light that it approaches the surface and in the proce
warms up the surroundings, by dispensing with heat. 
This has the eternal effect of preserving the pond 
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ABSTRACT 

rate solar energy method which gathers solar energy and preserves it as thermal energy for a fairly 
elongated time interval. When solar energy pierces through the solar pond border, the infrared emission element is first immersed in the 
periphery assorted layer or upper convective zone. In several realms, we can employ the solar pond for assessing the values i

y a technique or chemical agent and computer modeling computation performed elsewhere are also executed in 
solar pond operation, yielding an identical efficiency value speak volumes on the superb competence of the solar pond. What w

al in shaping this innovative technique is the one and only “North-bound Outcomes” in respect of temperature and efficiency 
sparkling with the added features of minimal overhead and marginal low cost and low accumulation period. Through this attempt
taken pains to sketch a realistic portrayal of diverse modeling processes executed in solar pond and from amidst them we have
our attention on the innovative model founded on the robust pillars of performance and productivity. Our review has we
performance of three wonderful and unique models viz. solar pond with k-type thermocouple, Lithium Carbonate and SGSP along with 
desalination plant model. Our investigation rated these three models as the best and efficient ones among their
are haunted by hitches in the form of inconsistency and inaccuracy. We have taken due care of these malaises and hence to yie
precision, the services of the evolutionary algorithms like Genetic Algorithm, Particle swarm optimization and Cuckoo search algorithm 
etc with solar pond and materials have been availed of. Our research work is an apt guide in evaluating and locating the mate
chemical component which will usher in topmost efficiency value in solar pond applications. We are sure that our efforts will be watched 
with interest by the inquisitive investigators bent on thrusting into the unexplored horizons of the solar pond and that our 
offers in a nutshell the ins and outs of the solar pond and its applications. 

Solar pond, Thermal energy, Electrical energy, k-type thermocouple, Lithium carbonate plant mode

Just like a rainbow among the clouds, it is a 
welcome sign that the salinity gradient solar pond is 

house of solar energy, where 
lost energy is saved and stored for later 

use. With the added advantage of integral thermal 
energy storage, it is extensively made use of 
throughout the year, ignoring the flirtations of time 
and season. What happens in a commonplace pond is 
that the sun’s rays warm up the water making it so 
light that it approaches the surface and in the process 
warms up the surroundings, by dispensing with heat. 
This has the eternal effect of preserving the pond 

water in more or less the same temperature as that of 
the atmosphere. [1]. The solar pond being man
and unfathomably deep contains stratified bri
varying intensity, being fully saturated at the base 
and with almost same intensity as that of sea at the 
surface. Nearly a quarter of the solar emissions 
striking on the surface pierces through to the base of 
the pond and is sucked up there, resul
warm up of the brine in the vicinity. [2] It has the 
effect of getting the heat saved at the base of the 
solar pond mainly on account of blocking of the 
convective movement of heated water to the surface 
by the salinity gradient function like a
[3] The essential notion of a solar pond is to heat up 
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rate solar energy method which gathers solar energy and preserves it as thermal energy for a fairly 
pierces through the solar pond border, the infrared emission element is first immersed in the 

periphery assorted layer or upper convective zone. In several realms, we can employ the solar pond for assessing the values in exchange of 
y a technique or chemical agent and computer modeling computation performed elsewhere are also executed in 

solar pond operation, yielding an identical efficiency value speak volumes on the superb competence of the solar pond. What we have set 
bound Outcomes” in respect of temperature and efficiency 

sparkling with the added features of minimal overhead and marginal low cost and low accumulation period. Through this attempt, we have 
taken pains to sketch a realistic portrayal of diverse modeling processes executed in solar pond and from amidst them we have bestowed 
our attention on the innovative model founded on the robust pillars of performance and productivity. Our review has well-depicted the 

type thermocouple, Lithium Carbonate and SGSP along with 
desalination plant model. Our investigation rated these three models as the best and efficient ones among their peers. However, they too 
are haunted by hitches in the form of inconsistency and inaccuracy. We have taken due care of these malaises and hence to yield superior 

optimization and Cuckoo search algorithm 
etc with solar pond and materials have been availed of. Our research work is an apt guide in evaluating and locating the material or 

lications. We are sure that our efforts will be watched 
with interest by the inquisitive investigators bent on thrusting into the unexplored horizons of the solar pond and that our paper which 

type thermocouple, Lithium carbonate plant mode 

water in more or less the same temperature as that of 
The solar pond being man-made 

and unfathomably deep contains stratified brine with 
varying intensity, being fully saturated at the base 
and with almost same intensity as that of sea at the 
surface. Nearly a quarter of the solar emissions 
striking on the surface pierces through to the base of 
the pond and is sucked up there, resulting in the 
warm up of the brine in the vicinity. [2] It has the 
effect of getting the heat saved at the base of the 
solar pond mainly on account of blocking of the 
convective movement of heated water to the surface 
by the salinity gradient function like as an insulator. 
[3] The essential notion of a solar pond is to heat up 
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a mega pond of water so as to contain the energy 
losses that would otherwise materialize if the light 
hot water is enabled access to the surface of the pond 
causing thereby loss of energy by gifting it to the 
atmosphere by convection and emission 

[4] Nowadays, the collection and storage of heat 
energy are done in the same section, just as in the 
case of inert solar configurations. Moreover, the 
pumps and piping made use of to regulate the salt 
gradient are not complicated in nature. The ponds 
have to be cleaned regularly just like a swimming 
pool so that the water is kept transparent to light. [5] 
A notable feature of solar ponds is its autonomy. 
There is no need for backup on account of the mega 
thermal capacity of the ponds which can successfully 
manage a shortfall in solar supply, which usually is 
the bane of a single-dwelling entity making them 
resort to backup thermal energy. [6] A salinity-
gradient solar pond is characterized by three discrete 
zones: the upper-level convective zone (UCZ) which 
is consistent and has a density approximately around 
that of seawater, the centre-level non-convective 
zone (NCZ) possessing relatively linear density 
gradient, and the lower-level convective zone (LCZ) 
which also exhibits consistency with density very 
near the saturated brine. 

[7] These two levels are distinguished by their 
feature of having almost identical temperature and 
intensity as a consequence of convection. The 
significant gradient zone (non convective zone, 
NCZ), segregates these two levels with thickness 
ranging from 1.0 to 1.5 m, and here the density of 
salt content increases directly proportional to its 
depth. [8] Water occupying this layer is incapable of 
going up since the water above this is lighter on 
account of its reduced salt content. Likewise, it 
cannot go down also as the water below is heavier 
because of its enhanced salt content. This 
phenomenon results in blocking convective 
movements of water molecules and no wonder the 
only way heat can be moved from the hot zone LCZ 
to the cold zone UCZ is by the use of conduction. 
[9]Taking into consideration the lower conductivity 
of water, the NCZ layer acts as a transparent 
insulator, and forces sunlight to be within the 
confines of the hot bottom layer, and is taken out 
later on for beneficial use. [10] The efficacy of a 
solar pond is mainly dependent on its potency to 
store thermal energy, and on the one-time 
establishment cost and the recurring maintenance 
expenses. This state of affairs makes it inevitable for 
us to have a precise scrutiny of its thermal behavior. 
[11] The thermal efficiency of a solar pond is 
influenced by important factors like solar 
illumination, loss of heat due to movement from the 
sides to the atmosphere and also from the LCZ 
upwards, eventual storage power, and the proficiency 
of the heat exchanger system. [12] All of the traits 
corresponding to various regions of a solar pond 
undergo change with time. An efficient scrutiny 

warrants that the mass and energy balance equations 
are solved at the same time. 

 
2. Literature review: 
2.1 Thermal and Electrical: 

The year 2011 saw Randeep Singh et al. [13] 
coming out with a new Solar thermal electricity 
(STE) generation method which gifted a tremendous 
chance to provide electricity with a non-CO2 
emitting know-how. But the escalating costs put 
roadblocks in their versatile application, 
necessitating increased investigation into ways and 
means of finding a way out so that appreciable 
decrease in costs and superb effectiveness could be 
achieved. Though a lot of efforts were afoot on the 
aspect of efficiency enhancement by contemporary 
researchers, their point of attention was located on 
the attainment of a minimal levelised electricity costs 
(LEC) by giving shape to an innovative technology 
which was cost-effective simultaneously keeping up 
amazing conversion efficiency with least 
preservation overheads. All scrutinized models were 
measured at a 50 MW scale fabrication. The 
analyzed LECs proved that an innovative hybrid of 
ocean thermal energy conversion with an offshore 
solar pond (OTEC–OSP) would attain the least LEC 
of 0.04€/kWh. When a floating offshore solar pond 
(OSP) was supplemented to an OTEC system the 
temperature diversity in the Rankine cycle was found 
to increase, acting as a catalyst by enhancing the 
efficiency to 12%, vis-a-vis normal OTEC which 
were unable to achieve the efficiency of more than 
3%. The offshoot of increased level of competency 
was the reduction in outlay requirement for power 
blocks, whilst the OSP was made-up making use of 
least cost plastic foils. The proposed OTEC–OSP 
model could be placed in a number of areas 
throughout the universe. 

In 2009, Sura Tundee et al. [14] gave out the 
outcomes of investigational and academic scrutiny 
on the heat mining procedures from solar pond 
employing the heat pipe heat exchanger. With a view 
to carrying out investigation, a miniature 
investigational solar pond having area 7.0 m2 and 
depth 1.5 m was constructed at Khon Kaen in North-
Eastern Thailand (16o27’ N102o E). Heat was 
effectively taken out from the lower convective zone 
(LCZ) of the solar pond with the use of a heat pipe 
heat exchanger prepared from 60 copper tubes with 
21 mm interior diameter and 22 mm exterior 
diameter. The length of the evaporator and condenser 
section was 800 mm and 200 mm in that order. The 
abstract mode was devised for the solar pond heat 
mining according to the energy conservation 
equations and with the help of the solar radiation data 
for the concerned site. Arithmetical techniques were 
made use of for deciphering the modeling equations. 
In the scrutiny, the efficiency of heat exchanger was 
explored by altering the velocity of inlet air 
employed to remove heat from the condenser end of 
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the heat pipe heat exchanger (HPHE). It was clear 
that air velocity had a noteworthy sway over the 
efficiency of heat pipe heat exchanger. Solar ponds 
blended solar energy pool with durable storage and 
could supply consistent thermal energy at 
temperature varying from 50 to 90oC. A solar pond 
consisted of three clear-cut zones. 

In 2012, Ismail Bozkurt et al. [15] had suggested 
the heat storage efficiency scrutiny of integrated 
solar pond and collector technique. In their 
investigation, a cylindrical solar pond system (CSPS) 
with a radius of 0.80 m and a depth of 2.0 m and four 
flat plate collectors’ dimensions of 

1.90 m*0.90 m was constructed in Cukurova 
University in Adana, Turkey. The CSPS was full of 
salty water of diverse densities to evolve three salty 
water zones. Heat energy gathered by collectors was 
moved to the solar pond storage zone making use of 
a heat exchanger technique, linked to the solar 
collectors. Many temperature sensors linked to a data 
capture mechanism were located vertically inside the 
CSPS and at the inlet and outlet of the heat 
exchanger. The incorporated solar pond efficiencies 
were evaluated based on tests and also tentatively 
based on the number of collectors. The outcome was 
amazing, with test competencies achieving 21.30%, 
23.60%, 24.28% and 26.52% compared to the 
notional competencies getting only 23.42%, 25.48%, 
26.55% and 27.70% for 1, 2, 3 and 4 collectors, 
correspondingly . Notional competencies were 
compared with the test outcomes and there was a 
rapport found between test and notional competency 
records. 

In 2013, A.A. El-Sebaii et al. [16] conducted 
investigations on the thermal efficiency of a shallow 
solar pond (SSP) under the open and closed cycle 
nonstop flow heating methods of heat mining. 
Techniques were evolved according to systematic 
solutions of the energy-balance equations for the 
several components of the system. With an eye on 
the scaling up of efficiency of the technique, 
optimization of the various building aspects of the 
system was executed. Serpentine heat exchangers 
were placed within the SSP’s water and the storage 
tank for removing the heat. It was pointed that the 
current SSP could be made use of as a heat resource 
for a lion’s share of local and minimal temperature 
industrial uses throughout the year. The performance 
per day worked out to 59% and 33% when the pond 
was executed under the closed and open cycle 
methods, correspondingly. A distinction between test 
and notional outcome well-pointed out the fact that 
the statistical versions were capable of testing the 
thermal efficiency of the SSP with logical precision. 

In 2009, the great contribution of M.C. Giestas 
et al. [17] was in devising a 2D mathematical pattern 
where the performance of a salt gradient solar pond 
(SGSP) was detailed vide temperature, salt 
concentration and velocity with the fluid density and 
viscosity according to temperature and salt density. 

The discretizations of the governing equations were 
founded on the relative weak formations. The 
rectangular geometry had room for spectral type 
Galerkin estimations for which the indispensable 
identical limit constraints were made compulsory 
with ease. When considering the fluctuation of 
density and viscosity with temperature and salinity, 
there was harmony between the statistical and the 
test outcomes. 

In 2010, M.M. Ould Dah et al. [18] had listed 
out the details regarding the execution and 
consistency of a 0.64 m2 mini solar ponds after 
making statistical and test investigations. The test 
overcome pictured the mean temperatures of the mini 
pond on daily basis which showed a sharp rise to 
540C in the lower convective zone with a time span 
of 20 days. A 1 D statistical pattern to forecast the 
temperature and the salinity in the mini pond was 
evolved. The outcome from the statistical scrutiny 
showed harmony with the test outcomes, when 
contrasted with each other. This led to the statistical 
research for a mode of heat extraction from the non 
convective zone with an eye on scaling up the mini 
pond competency. When a mode of heat extraction 
was employed, the statistical outcome substantiated 
the possibility of enhancing the performance of mini 
ponds. Unfortunately, this method resulted in 
decreasing the consistency of the lower interface. 

In 2013, Mehmet Karakilcik et al. [19] had the 
insight to conduct a test scrutiny of power 
dissemination, power competence and ratios of the 
power competence according to shading effect on 
every zone of a tiny rectangular solar pond. A 
shading pattern was designed to have an enlightened 
study of the power competency of the pond. The 
pattern outcomes of the every zone were contrasted 
with and without shading effect, according to the 
relevant power competences. The shading surface 
component of the zones did not play any part in the 
thermal efficiency of the pond but it had its effect in 
cold areas in the zones by shading. Thus, the 
performance of the solar pond was in indirect 
proportions the shading area. The data on uppermost 
power efficiencies with and without shading area for 
the month of August were: 4.22% and 4.30% for the 
upper convective zone, 13.79% and 16.58% for the 
non-convective zone, and 28.11% and 37.25% for 
the lower convective zone, respectively. The results 
went a long way in upholding the fact that the solar 
pond storage competence would scale high if the 
effect of shading area were altogether wiped off. In 
addition, the ratios of shading effect showed: 0.651 
at the lower convective zone, 0.279 at the non-
convective zone and 0.068 at the upper convective 
zone. 

In 2008, Nalan C. Bezir et al. [20] came out with 
flying colors in evolving a numerical device of solar 
pond efficiency, which evaluated the quantity of the 
solar energy reaped by the covers and then it was 
modified into a statistical paradigm which was vested 
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with the magical quality of furnishing the temporal 
temperature deviation at all points inside or outside 
the pond at all times. For these evaluations air 
temperature at hourly intervals and soil temperature 
on a daily basis estimated from investigative tasks 
were used. These investigative tasks were evolved by 
employing the mean hourly and daily temperature 
values for air and soil data acquired from the regional 
meteorological station in I sparta region. The 
computational modeling had been executed for the 
evaluation of the efficiency of insulated and un-
insulated solar ponds of diverse dimensions with or 
without covers and reflectors. 

In 2012, M. Husain et al. [21] had effectively 
evaluated the stability of salt gradient solar pond 
salinity profile which was under transitory thermal 
stage. The investigation was carried out both for 
direct and parabolic salinity profile. It came to notice 
that the consistency criterion at the upper interface of 
salinity profile was fulfilled for a lean non-
convective zone. But, this lean non-convective zone 
had no potency to furnish the necessary insulation. 
Hence, the storage zone of the pond did not rise to 
expected level of lofty temperature. To overcome 
this, they suggested that so as to attain an elevated 
temperature, up keeping the consistency of salinity 

profile, a supplementary zone below the interface of 
upper convective zone and non-convective zone 
should be created. Enhanced salinity slope could be 
upheld in the supplementary intermediate zone. Solar 
pond was, in fact, a man-made pond in which 
abdominal increase in temperature were forced to 
crop in the lower regions by blocking convection. 
With the aim of warding off convection, salt water 
was made use of in the pond. These ponds were 
known as ‘‘salt gradient solar pond’’. During the 
yester decade and half decade prior to that, many a 
salt gradient solar pond, lean and stout, with 
dimensions fluctuating from about some hundred to 
thousand square meters of surface area, had sprung 
up, through human effort, throughout the length and 
breadth of the universe . The recent days were eye 
witnesses to the ever-increasing role of the tiny solar 
ponds designed for several thermal applications. 

In 2008, V. Velmurugan et al. [22] had brought 
to light a different design of solar pond, as lodestar to 
signal performance in which they had effectively 
taken into account various elements such as those 
influencing efficiency, method of heat extraction, 
hypothetical replication, and measurement of 
constraints, financial

 
 

scrutiny and uses. Solar pond was discovered as 

natural  phenomena around  the turn of the  last  century 

in  the  Medve  Lake in  Transylvania  in  Hungary.  In  the 

lake,  temperatures up to  70◦ C  were recorded at 
 
depth of 1.32 m at the end of the summer season. 

The minimal temperature was 26◦ C during early 
spring. 

In 2011, El-Sebaii et al. [23] have introduced the 
bottom of the lake had a salt NaCl with concentration 
of 26 percent. Solar pond was artificially constructed. 
To prevent convection, salt water was used in the 
pond, which
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called “salt gradient solar pond”.  Nowadays, mini  solar 

ponds were  also  being  constructed  for  various  thermal 

applications.  It  was  concluded  that the optimum  value 

of  salinity  in  the  mini solar  pond was  80  g/kg  of 

water.   
 

2.2 Thermal/Electrical process: 
In 2011, Ahlam Al Neaimi et al. [24] had 

studied about solar pond to develop, scrutinize and 
evolve a solar pond for solar energy recovery and use 
in salt production in far-off coastal and inland areas 
and to evaluate the design from financial, ecological 
and safety angles. It was expected to choose and 
develop the process, make material and energy 
balances, and simulated the process using suitable 
software. A solar pond was a large area solar 
collector that used water- a pond between one to four 
meters deep-as a working material for collection of 
radiant energy and the transformation into heat (up to 
95° C) storage of heat and transport of thermal 
energy out of the system. Solar energy would warm a 
body of water, but the water would lose heat and rise 
unless a proper mechanism was used to block the 
activity. Solar ponds put an end to the process 
because of the large quantities of salt that were 
dissolved in the hot bottom layer of the pond making 
it too dense to rise to the surface and cool. The 
salinity gradient in solar ponds thwarted convection 
currents, thus making a solar pond much more 
effective in solar heat storage than a body of water of 
equivalent size. 

In 2011, Yufeng Shi et al. [25] had proposed the 
effects of porous media on thermal and salt 
dissemination of the solar ponds. Our field tests on 
two small-scaled solar ponds indicated that when 
porous media were added, the temperature in the 
lower convective zone (LCZ) of the solar pond was 
enhanced. Then it was found that the increase in 
turbidity was subdued by porous media during the 
refill of the salt to the LCZ. Thermal diffusivities and 
conductivities of brine layers with porous media such 
as pebble and slag were also respectively evaluated 
in the paper based on the uneven heat conducting 
principles of a semi-infinite body. These evaluated 
thermal properties were then used in our statistical 
simulations on the upshot of porous media on 
thermal performance of a solar pond. Our simulation 
outcomes showed that brine layer with porous media 
played more positive role in heat insulation effect 

when thermal conductivity of the ground was large. 
Whereas, when the ground had a meagre thermal 
conductivity, the efficiency of solar pond would be 
worsened and total heat storage capacity of solar 
pond would be decreased by brine layer with porous 
media. 

In 2012, Abhijit Date et al. [26] had detailed the 
notion of utilizing the trilateral flash cycle for joint 
desalination and power production from salinity 
gradient solar ponds in the salt affected areas of 
Australia. Moreover the fundamental operating code 
of the joint desalination and power generation system 
was discussed and it was followed by discussion of 
the governing equation and thermodynamics used in 
the desalination and power generation procedures. 
Experimental system and the test outcomes were 
concisely explained to furnish a notion of the 
performance of the current system. After the 
introduction of the concept the initial design was 
presented for an exhibition of a joint desalination and 
power plant attached to a solar pond of 10000m² 
surface areas and a depth of 3m situated in the 
northern region of Victoria. The efficiency, including 
fresh water output, power output and efficiency of 
the proposed plant operating in northern Victoria was 
scrutinized and the outcomes were taken up for 
discussion. 

 
3. Temperature To Efficiency Conversion: 

Let us review the results of solar pond in several 
metals or chemicals which furnish us the efficiency 
and temperature values. But in the technique we 
suggest, we take into consideration only solar pond 
operation within efficiency parameter only. And, the 
tool we employ for the purpose is the Carnot 
efficiency technique 

 
efficiency � 1 

� T1 T2 
 
Where, T1 – measured temperature, T2 – 

ambient temperature
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Fig. 1: Efficiency of thermal and electric power 
 

Conclusion: 
Through these columns, we have been able to 

present an extensive gamut of techniques executed in 
solar pond, and assess the procedure based on these 
techniques and a suitable method to be selected for 
process of solar pond and applications. We have tried 
to discuss two significant types of applications 
namely thermal/electrical energy and desalination. 
The erstwhile methods are modified by these two 
models and the estimated outcomes are offered in 
literary review. Therefore, the then-investigators 
would not have made use of any algorithm for 
upgrading the efficiency and temperature values in 
solar pond applications. In our investigation and in 
our innovative technique, we employ the 
evolutionary algorithm for fine tuning the outcome. 
Our proposed method has yielded amazing outcomes 
in respect of temperature and efficiency with 
minimal cost and negligible accumulation time. 
While all the suggested techniques have yielded 
objectively reasonable and exact outcome much as 
per our expected goal of the solar pond, we can go a 
long way to refine these methods with various 
constraint factors. We are sure this review will act 
like a shot in the arm for the intriguing investigators 
in their efforts to mould various innovative solar 
pond applications and detection methods to take their 
due place in solar pond process. 
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