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 
Abstract: In the context of utilizing solar ponds, this research 

was commenced to enhance their performance so as to rely on 
them as a nonconventional water resources. Primarily, literature 
was reviewed in the field of solar ponds. The technique can be 
used to develop the energy needed for pumping, lifting, collecting 
or treating water. The agricultural sector users claim that water 
and energy face problems of environmental degradation due to 
resources scarcity. This research paper, data was gathered and 
analyzed, in terms of solar pond parameters such as depth of the 
upper gradient, shading effect, storage zones, daylight hours, 
ground temperature and covered insulation for different climate 
zones so as for different latitudes. The analyzed results indicated 
that solar ponds possess high potential in arid and semi-arid 
climates similar to Fayoum governorate, where it is distinguished 
by its ability to collect heat which can be utilized in different 
applications. The application cover desalination, electric power 
generation, salt purification, food and fishing industries. The 
solar pond technique utilized in many countries to act as the 
backbone for sustainable development in arid and semi-arid zones 
such as Victoria desert in Australia. 

Keywords: Solar Pond, Desalination, nonconventional water 
resources 

I. INTRODUCTION 

Water is an essential human need to attain sustainable 
development. Accordingly, human race is after any 
nonconventional resource due to water scarcity.  
In the last decades, it was obvious that solar ponds could be 
utilized as a nonconventional water resource. A solar pond is 
a saltwater pool, which stores solar energy. The saltwater 
forms a salinity gradient "halocline", where low-salinity floats 
on top and high salinity underlies it. The layers of salty water 
increase in concentration and density, as depth increases. 
Deeper than a certain depth, the solution becomes uniformly 
distributed, in terms of salt concentration. 
Many researchers investigated the possibility of enhancing 
the solar ponds performance to rely on it as nonconventional 
water resource. Among them are the following:  
• [1] stated that global projections which indicated that 
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freshwater demand will increase drastically, over the next 
decades under the pressure of increasing population, 
urbanization and climate change.  
• [2] documented that energy is needed to pump or lift or  
collect or treat water. The agricultural sector users claim that 
water and energy face problems of environmental degradation 
due to resources scarcity.  
• [3] signposted that renewable energy is important in 
decreasing gas emissions. Accordingly, solar systems have 
minimum negative impacts on the environment, which 
stresses on the need of modeling solar ponds as a source of 
renewable energy; Figure (1). It designates layer modeling in 
solar ponds. 
Accordingly, this research was initiated with the objective of 
improving their literature performance to bank on as a 
nonconventional water resource. 

 
Fig. 1. Solar Pond layers modeling [3] 

II.  STUDY AREA 

Several study areas can be carried out solar pond technique 
to for specific areas in Egypt like Alexandria governorate, 
El_Gharbia governorate, Dakahlia governorate, North Sinai 
governorate, El_Fayoum governorate and Siwa Oasis in 
Matrouh governorate. These areas are salt producers with a 
high thermal potential; Figure (2). which signposts salt 
factories in Egypt. 

 
Fig. 2. Salt factories locations in Egypt 
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III. DATA ASSEMBLY 

During the survey, data was deduced, and assembled from 
the literature, as follows: 

 GEO-CRADLE project for Solar Radiation Atlas [4] 
 Egypt wind atlas [5]. 
 Climatological parameters data from NASA [6] 
 Equations of solar pond [3] 

IV. DATA PROCESSING 

The assembled data from the above literature was 
scrutinized and processed, from which the researcher deduced 
the following information: 

A.  GEO-CRADLE PROJECT FOR SOLAR 
RADIATION ATLAS 

This source encompassed the direct normal radiation 
(DNR) that was calculated based on the monthly DNR of 
1999-2013 (i.e. 15-year record). Accordingly, the researcher 
achieved the following: 

 The solar energy potential for efficient solar pond at a 5 
km resolution was quantified. 
 Solar maps were utilized and the climatological 

radiation, from EUMETSAT’s satellite [4], was 
obtained and processed Figure (3) and Figure (4). 

  
Fig. 3. Direct normal irradiance in January representing 

for winter season [4] 

 
Fig. 4. Direct normal irradiance in June representing for 

summer season [4] 

B. WIND ATLAS OF EGYPT 

This source encompassed data of more than twenty-year 
wind resource program in Egypt. Accordingly, the researcher 
achieved the following: 

 Wind atlas data sets were utilized for evaluating the solar 
pond installations.  

 Wind climate of Egypt was determined from stations 
covered all over Egypt [5,6]; Figure (5).  

 
Fig. 5. Wind speed in Egypt 

V. CLIMATOLOGICAL PARAMETERS DATA 

FROM NASA  

This source encompassed records of average data; direct 
solar radiation horizontal, air temperature, wind speed, 
relative humidity, and atmospheric pressure for more than 
twenty years [6]. Accordingly, the researcher extracted the 
following: 

 Direct normal radiation  
 Daylight hours  
 Maximum wind speed  
 Wind speed at 10m  
 Relative humidity 

These are presenting on Figure (6) to Figure (10). 

 
Fig. 6. Direct normal radiation 
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Fig. 7. Daylight hours 

 
Fig. 8. Maximum wind speed 

 
Fig. 9. Wind speed 

 
Fig. 10. Relative humidity 

VI. MODEL DESCRIPTION  

Heat simulation might be presented as convective or 
radiation or evaporation or sides loss [4]. Figure (11) 

designates the heat balance in pond upper zone, where the 
steady state is described, as follows:  

wueurucubru
u

uupuu QQQQQQ
dt

dT
XAC    (1) 

 
Fig. 11. Heat balance in pond upper zone 

The left hand side of equation (1) defines the heat 
accumulated in the upper zone. The right hand side of 
equation (1) denotes the heat loss “Qw” via pond walls.  

Qw was assumed to be 0, as the walls are insulated [3]; 
Figure (12). It shows the heat balance in the storage zone, 
where equation (1) is rewritten as follows:  
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Fig. 12. Heat balance in the storage zone 

Accordingly, the storage steady state is written as follows: 

wloadgroundubrs
s

llpll QQQQQ
dt

dT
XAC      (3) 

At a no load scenario, Qload is 0. This corresponds to 
initial warming of the pond. Also, at Qw = 0, equation (3) is 
rewritten as:  
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VII. RESULTS DISCUSSION AND ANALYSIS 

Based on the site visits, scrutinized literature, processed 
data and modelling, results are follows: 
 Egypt has a good potential for solar ponds, where the 

deeper the gradient, the less the radiation entering the 
pond.  
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 At a gradient layer of 1 m depth, 36% of the radiation is 
available. 

 At a depth of 2 m, radiation will be reduced to 30%.  
 Irradiation data for the different locations is given on 

Figure (13). 
 Alexandria has highest radiation in June of 36.72 

MJ/m2/day.  
 Fayoum has lowest radiation in December of 16.67 

MJ/m2/day. 
 Alexandria has highest Annual radiation of 27.66 

MJ/m2/day. 
 El_Gharbia radiation is 22.93 MJ/m2/day. 

 

 
Fig. 13. Irradiation data 

Equations (2) and (4) were solved by implementing the 
primary values of the temperatures Tu and Ts. These values 
vary by pond location.  

The constants in the model are, as follows:  
 ρu = 1000 kg/m3 
 ρl = 1200 kg/m3 
 Cpu = 4180 J/kg K 
 Cpl = 3300 J/kg K 
 Au = Al= Ab = 1 m2 
 h1 =56.58 W/m2 K 
 h2 = 48.279 W/m2 K 
 h3 = 78.12 W/m2 K 
 h4 = 185 W/m2 K  
 kw = 0.596 W/m K 
 Tg = 23⁰ C 

 
Fig. 14. Storage Zone Temperature in Fayoum 

Figure (14), shows the storage zone temperature at 
different areas, from which the following was clear: 

 Maximum temperatures in June to September ranged 
between 71⁰ C and 74⁰ C 

 The minimum temperatures in December and January 
ranged between 23⁰ C to 28⁰ C  

 The Storage Zone (LCZ) temperature is 70⁰ C 

VIII. CONCLUSIONS AND RECOMMENDATIONS 

Based on the obtained results, the following conclusions and 
recommendations were deduced: 

 Solar pond technique is environment friendly when 
applied in power generation and desalination  

 Solar pond technique can be utilized to cover the 
urgent demand of energy when the required boundary 
conditions such as Direct solar irradiation, 
temperature, wind and relative humidity are satisfied  

 Solar Pond technique can provide cheap energy source 
which can be utilized in desalination of sea and 
brackish water as a nonconventional water resources 

 Different areas of Egypt have been examined for solar 
pond potential like Fayoum governorate possess a 
maximum irradiance of 26.03 MJ/m2/day while 
El_Gharbia governorate has irradiance of 22.93 
MJ/m2/day. 
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