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Abstract: In terms of the importance of solar radiation
sustainability in Egypt, this research was initiated with the
objective of mapping solar ponds to provide solar energy by
Geographic Information Systems (GIS) and multi-criteria
decision-making method to ensure their efficiency, in terms of
cost. Primarily, literature in the field of solar ponds and clean
energy was assembled, reviewed, analyzed and categorized to
deduce data about solar pond locations and analyze such data.
Accordingly, different variables were considered such as power
line stations, road networks and cities). I n addition, land cover as
environmental parameter was considered. Furthermore, technical
variables like direct normal radiation, temperature, wind and
relative humidity were taken into account. ArcGIS process was
applied and solar pond technique locations were selected. The
deduced data were comprehended, analyzed, and presented to
perceive a complete data picture about Egypt, from which it was
apparent that different zones have different characteristics, in
terms of the capability of encompassing solar ponds. Based on the
investigation results, it was concluded that Al Wadi Al Jadid
Governorate and some spatial areas show in mapping satisfiesthe
renewable energy potential. In addition, it was recommended to
implement solar ponds in their vicinity, as they satisfy the solar
pond requirements, in terms of efficiency and cost.
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I. INTRODUCTION

In 1900, 10 million barrels of oil was consumed
worldwide. It isexpected to increase to 400 million barrels by
2030. This means that in the future, more energy will be
consumed worldwide. Consequently, more pollution is
anticipated to discharge into the atmosphere. Accordingly,
the world decided to go for clean energy. Solar energy is a
clean energy with no emissions during generation. This
energy implements advanced technology to transform it to
electrical energy by photovoltaic panels, solar pond or direct
heating. Solar pond is a recent technique that emerged
worldwide to provide clean energy. Accordingly, this
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investigation was commenced with the impartial of mapping
solar ponds by GIS and multi-criteria decision-making
method to ensure their efficiency, in terms of cost. Literature
in the field of solar ponds were accumulated and revised.
Data sets regarding ponds were reviewed and processed. The
data sets encompassed solar direct norma radiation,
temperature, wind speed and relative humidity. Based on the
assembled literature, some investigators stated that the world
faces an enormous problem in energy. Others advocated that
surplusemissionslead to international agreementsto mitigate
pollution risks of toxic gases. In addition, the literature
documented that Egypt, as a Sunbelt country, unquestionably
ratified the Kyoto Protocol on 2009. From the literature, it
was clear that many researchers investigated solar ponds.
Among them, for example, are the following.
[1] documented that Egypt became amember to the

United Nations Framework Convention on Climate

Change.

= [2] advocated that Egypt terrain varies between its

lowest level at Qattara Depression (-133 m) and its

highest level at Mount Catherine (2,642 m).

= [4] provided the solar direct normal radiation map

of Egypt, as itis on the sunbelt flgure (D).
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Fig. 1. Solar direct normal radiation map of Egypt and
North Africa [4]
Il. DATA ASSEMBLY

Data was obtained from the literature. These data are
presented here, as follows:
= Solar atlas maps for Egypt [4]
= Climatological radiation data from NASA [5]

I11. DATA PROCESSING
The assembled data were processed, as follows:
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Mapping Solar Pond by GISand Analytic Hierarchy Process

A. Raster Dataset
During this processing stage,
accomplished:
= A solar radiation map was obtained by ArcGIS10.6.1, A
view-shed analysis was executed and table of
irradiance, in each sky direction, was obtained.
= A geometric solar radiation model (Solar Analyst) was
implemented to calculate insolation maps from digital
elevation models (DEM) by ArcGIS (10.6.1).
*The direct norma radiation (KW-hr/m?day) was
obtained, for each month.
= Based on thirty years recorded dataform NASA, spatial
analysis was achieved.
= Land cover map for half by half degree was obtained
from NASA for Egypt, Fig. 2).

B. Vector Dataset
During this processing stage, the following was achieved:

the following was

= ArcGIS converted a solar radiation map from raster
dataset to vector dataset at its original resolution and
without generalization.

= Graphic output was obtained. It is aesthetically pleasing
rather than traditional cartographic representation. It
isalowing efficient encoding of solar radiation.
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Fig. 2. Data locationsin Egypt

IV. APPLYING GEOGRAPHICINFORMATION
SYSTEM

In order to map solar ponds, geographic information system,

and its analysis tools were implemented to prepare map

layers with their criteria and weightings of their sub-criteria

by:
» Reviewing the previous literature

= Preparing the database of digital maps within GIS
software

= Creating suitable buffer zones or special constraintsto
suit each criterion map

» Transforming Raster maps to Vector maps

= Determining the weightings for the criteria from the
final maps

= Determining land suitability index

= Reclassifying the obtained maps

= Applying parameters constraints to map the suitable
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location for solar ponds
The incorporated technical criteriain the GIS are important,
asthey determine the potential energy production of the solar
ponds. These criteria are as follows:

A. Solar Radiation (Kw-Hr/M?Day)

Direct Normal Radiation (DNR) was obtained from NASA.
It isthe amount of solar radiation per unit surface areanormal
to the straight rays from the sun in grid points shown in Fig.
2) [5]. The ArcGIS software analyzed and modeled specific
areas or points in a specific time to model solar radiation. It
considered local factorsto generate the minimum, maximum,
range, mean, standard deviation, coefficient of variation,
skewness and kurtosis. These are indicators of the central
tendency. Distribution maps of the parameter were produced
by ArcGIS (10.6.1) and area of solar energy distributionswas
obtained for Egypt, Fig. 3) and Fig. 4).

B. Wind Speed (M/S)

Monthly average wind speed at 10 meters above Earth
surface for 30-years period (January 1984 to December
2013) was obtained from NASA Egypt [5].

A spatia analyst tool of ArcGIS wasimplemented to support
database wind-speed mapping, analyze and model specific
areas or points in a specific time. This tool succeeded to
model wind energy. Local factors were input and statistical
analysis was carried out to designate the area of wind energy
distribution in Egypt, Fig. 5) and Fig. 6).

C. Temperature (C)

Data was obtained from NASA Egypt. They are monthly
average temperature at 2 meters above Earth surface,
averaged over 30-years period (January 1984 to December
2013) [5]. The software ArcGIS supports database
temperature distribution mapping, analyzing, and modeling
specific areas or pointsin a specific time to signpost the area
of temperature distribution in Egypt; Fig. 7) and Fig. 8).

D. Relative Humidity Percentage

Data was obtained from NASA Egypt. It encompassed the
ratio of actual partial pressure of water vapor to the partia
pressure at saturation in percent. The monthly average of
relative humidity at 2 meters above Earth surface, averaged
over 30-years period (January 1984 to December 2013) [5].
ArcGIS was implemented to designate the area of relative
humidity percentage distribution in Egypt; Fig. 9) and Fig.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

© Copyright: All rights reserved.

Exploring Innovation



8 International Journal of Engineering and Advanced Technology (1JEAT)
OPEN () hecess I SSN: 2249 — 8958, Volume-9 Issue-4, April 2020

wo0E 200 2000 0veE 3200 H00E W00E

woTN

oo

woorN

2eoN

2000 wv0E 2wo0E 200E v0E HvrE

t
Mediterranean -
| sea g

woon

woen

Fig. 8. Temperaturedistribution in Egypt
Fig. 5. Wind speed raster in Egypt R e
: L ] ‘

200 w00 w00 200E 200E wovE 2600E

Mediterranean
Sea 2

Fig. 6.Wind speed in Egypt e

oyt
23
#

2ern
il
88
88

Retrieval Number: D6757049420/2020©BEIESP Published By:
DOI: 10.35940/ijeat.D6757.049420 Blue Eyes Intelligence Engineering
Journal Website: www.ijeat.org 274 & Sciences Publication

© Copyright: All rights reserved.

Exploring Innovation



Mapping Solar Pond by GISand Analytic Hierarchy Process

V. CRITERIALIMITSAND CONSTRAINS literature, as follows:

Surveyswere carried out for some places executed and

successful examples of implemented solar ponds,

= Table-1). = Each element was obtained and reclassified according

» Theimpact of factors was calculated and compared to to the regions of solar ponds worldwide, Table- 2).
Egyptian records of climate conditions, Table- 2).

Constrains for each criterion were obtained from the

Table- 1: Some executed and successful examples of implemented solar ponds
: DNR wind
Lat. Long. L ocation (KW-hr/m?/day) Temp. (C) (mis) RH %
31.1976 35.3625 Ein Boke, Israel 6.01 19.81 31 52.8
31.8083 35.4790 Beith Ha’rava, Israel 6.01 19.94 311 56.53
University of Texas (El
317717 -106.50 Paso), US 6.55 17.15 3.86 38.06
-17.099 145.800 Pyra':'d Salt Ltd, 583 2206 2.93 81.26
ustraia
41.3859 16.0857 Marghe”f&g' Savoia, 4.95 16.05 4.16 69.63
Table- 2: Egypt classification with limit factors affecting =
the choice of solar ponds 2
DNR Wind (m/s) i ;
0,
(KW-hrim?day) | T emP- () RH % ‘
1] 556 |[1| 1819 [1| 35375 |1] 2025 I
2| 665 | 2| 1920 |2| 3754 |2| 2530 E
3| 657 | 3| 2021 |3 4-4.25 3| 3035 il ;
4| 775 | 4| 2122 |4| 42545 | 4| 3540 ) !
5| 758 | 5| 2223 |5| 45475 | 5| 4045 ) 4
6 8-85 6 2324 | 6 4755 6 | 4550 Fig. 11. Solar pondsin termsof DNR criterion
1T 2225 |7 5525 71 5055 m e s mm e e
(
8| 2526 |8| 52555 | 8| 5560 )
ACCEPT > 6.0 : ¢ ‘
9| 2627 9| 6065 ’ ’
ACCEPT<4
ACCEPT > 20 ACCEPT<55 .

VI. RESULTSDISCUSSION AND ANALYSIS

The model results for solar energy sites were assessed by
evaluating the technical, economic and environmental
standard. These were converted to spatial layers as
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VIl. APPLYING GISAHP MODEL

Analytic hierarchy process was implemented. The
resultant image of each criterion and factor were reclassified
by GIS-AHP and the raster map for the suitable location of
solar pond in Egypt was obtained. Accordingly, Farafra
Oasis, near Dakhla Oasis, Matrouh and Giza Governorate
were recommended to be the suitable locationsin Egypt.

VIIl. CONCLUSIONS

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

= ArcGlSisasuccessful tool to produce solar radiation,
temperature, wind and relative humidity maps.

» The areas that have potential for solar ponds in Egypt
are Farafra Oasis, near the Dakhla Oasis, Matrouh and
Giza Governorate.

= Serious work is to be done to reduce the dependency
on energy.

» |tisnecessary to meet the increasing energy demand.

= Solar Pond is a cheap and environment friendly
technology.

= Solar pond technique can be applied in power
generation, industrial heating processes and
desalination.
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