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ment, a MSc in Environmental Physics (both from the National and

Kapodistrian University of Athens), and today, isa PhD candidate in
Physics at the Aristotle University of Thessaloniki. His PhD thesis is in the
field of Solar Energy forecasting and applications. He has more than 80 pub-
lications and 800 third-party citations in international journals and confer-
ences (h-index 16), and is reviewer of 10 highly ranked scientific journals.
He is a research fellow at the National Observatory of Athens with profes-
sional experience in national and regional competitive project (Horizon's
2020 Geo-Cradle, FP7's ACI-UV, NSRF's Kripis-Thespia, Siemens'sAris-
totelis). His research interests include environmental physics with empha-
sis on solar energy and applications, radiative transfer modeling, satellite
and ground-based observations, aerosol and cloud physics, and physical
climatology. Finally, he deals with the exploitation of EO, CAMS and
modeled data for a variety of solar energy applications (http://solea.gr/).

P anagiotis Kosmopoulos has a BSc in Geology and Geo-Environ-

esham El-Askary received his Ph.D. in
Computational Sciences and Informatics
“n from George Mason University along with

nm his two MS degrees in Computational sciences and

Earth Systems Sciences. His research interests in-
clude dust storms monitoring and detection using
C H A P M A N satellite observations, marine environment, coral
U N I V E R S I T Y reefs, solar energy as well as studying other extreme

events. He is particularly interested in events that
have a global impact (going from global to local) and
mixing scenarios between natural and anthropogen-
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servatorium Davos, World Radiation Center. He is member of the Scientific
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in peer reviewed scientific journals and more than 110 accepted publica-
tions in conference proceedings. Since 2000, he has participated (under
contract) in 25 European funded and 7 national (Greek) projects. He is a
member of the editorial board of the Atmospheric Chemistry and Physics
journal and has been an active reviewer in more than 15 scientific Journals.
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ic generated aerosols.He has published over a 100 refereed research publica-
tions, conferences full paper and book chapters in these research areas. Dr.
El-Askary’s research has been supported by NSF, NASA, USDA and EU. He
is a member of the IEEE, AGU, EGU, COSPAR, and Phi Beta Delta Hon-
or Society.He is the 2015 recipient of the Chapman University’s elite Senior
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has been an active reviewer in many scientific Journals and funding agencies.
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{PREF

This document was written within the framework
of the GEO-CRADLE (Coordinating and
integRating state-of-the-art Earth Observation
Activities in the regions of North Africa,
Middle East, and Balkans and Developing Links
with GEO-related initiatives towards GEOSS)
Coordination and Support Action funded
under the H2020's Framework Program-
Climate action, environment, resource,
efficiency and raw materials. The activity is to
develop comprehensive and sustained global
environmental observation and information
systems project (http://geocradle.eu/) under
the grant agreement No 690133 (HORIZON
2020). The contracting authority is the European
Commission, Executive Agency for Small and
Medium-sized Enterprises (EASME) H2020
Environment & Resources.
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Asalways, itis a special pleasure and privilege to partner with the
highly respected Ministry of Electricity and Renewable Energy
and the Renewable Energy Authority of Egypt, as well as other
prominent institutions in advancing the country’s pioneering
solar energy programme. This is part of galvanizing action for the
implementation of Egypt’s 2030 vision, which has synergies with
the Global 2030 Agenda for Sustainable Development, its goals
and targets; the “World’s Global Charter for People and Planet”.

We are proud that this deserving sustainable path is being
charted through the EU-supported GEO-CRADLE Project,
under the Horizon 2020 Framework, in which Cedare is a
member. We greatly value our deeply-rooted cooperation
with the EU, a towering European institution. The widely-
acclaimed Analytical Solar Energy Atlas of Egypt is a notable
product of this cooperation and the cutting-edge professional
efforts of leading experts, particularly the very able Dr.
Hesham El-Askary, and institutions. Thankfully, Egypt is at
the heart of the global solar belt and is blessed with abundant
solar energy! Equally important, Egypt is also blessed with
world-class leaders, scientists and forward-thinking disruptive
innovators who are staunchly committed to reaping the
massive benefits of its rapidly-evolving solar energy initiative,
as part of its renewable and energy-efliciency programme.

The Atlas is a key catalyst to support the development of
progressive policies, new profitable investments, markets,
“green” jobs and technological innovations. Happily, it will also
contribute to the preservation of nature’s wonders and gifts,
Egypt’s precious ecological capital and life support system.

When all is said and done, these tireless efforts can advance a
climate-resilient, prosperous and sustainable future for Egypt,
the land of the Nile, as old as time; an inspiring story that
continues to be written with renewed passion and commitment.
And the continuity is there past, present and future.

Lo Nalkrous ghesd Nadia MakramEbeid
Executive Director

Center for Environment and Development

for the Arab Region and Europe (CEDARE)

(Former Minister of the Environment)
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THE ATLAS IS A KEY
CATALYST TO SUPPORT
THE DEVELOPMENT OF
PROGRESSIVE POLICIES, NEW
PROFITABLE INVESTMENTS,
MARKETS, “GREEN" JOBS
AND TECHNOLOGICAL
INNOVATIONS.
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WE FACILITATE
MEETINGS WITH
GOVERNMENT OFFICIALS,
ORGANIZE CONFERENCES
AND FUNDRAISERS TO
INCREASE THEIR PRESENCE
AND CONNECTION
WITH EGYPT
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MEKHEMAR

A proud nation is a nation inspired by the strive for excellence of
its people. Egypt has always been proud of its sons and daughters
who, despite living far away from their homeland, have always
been strongly tied to their origins, cherishing their culture and
longing to serve their country. It is the role of the Egyptian
consulates abroad not only to keep this bond alive, but more so
to encourage their Egyptians living within their jurisdictions to
interact with their mother land and to participate in bringing
about the wellbeing of their brothers and sisters back home.
Accordingly, we constantly communicate with our community in
the Western states. We share with them ways and means through
which they can be a valuable asset helping in the advancement
of our country. In fulfilling this endeavor, we develop strategies
to utilize their amazing diverse skill base. We facilitate meetings
with government officials, organize conferences and fundraisers
to increase their presence and connection with Egypt. A perfect
example of an Egyptian who wanted to give back to his country
is Prof. Hesham El-Askary of Chapman University. Through

his work as the Regional Coordinator for North Africa and
Gulf region on the Geo-CRADLE project funded under the
H2020’s Framework, he with his colleagues from the National
Observatory of Athens and World Radiation Center, Davos,
Switzerland, were able to provide Egypt with its First Solar
Atlas, a much needed deliverable to address the increasing
demand for energy through the use of renewable sources, thus;
achieving Egypt’s goals in economic growth, while preserving
the environment. Dr. El-Askary’s work with the Geo-CRADLE
team is a witness on the effectiveness of partnership between the
Consulate in LA, the Egyptian Scholars and the Government in
catering to the prosperity of our beloved Egypt.

=,

Lamia Mekhemar

Consul General of Egypt in Los Angeles
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In our goal to contribute to Egypt’s development, the Ministry
of Immigration and Egyptian Expatriates Affairs acts as a
bridge and link between Egyptians abroad and their country.
We are committed to reinforce communication with Egyptian
emigrants to strengthen their ties to their homeland as well as
utilize their experiences and competencies in various fields and
specialties. For that reason the Ministry organized and hosted
the first National Conference of Scholars and Egyptian Experts
Abroad “Egypt Can 2016” that was held in December 2016 in
Hurghada, Egypt, where Dr. Hesham El-Askary of Chapman
University (USA); presented the dynamical Solar Atlas of
Egypt. The Solar Atlas is a result of Dr. El-Askary’s efforts
with his colleagues from the National Observatory of Athens
and World Radiation Center, Davos, Switzerland through the
GEO-CRADLE project funded under the H2020’s Framework.
The Solar Atlas is one of the most important and early results
of “Egypt Can 2016 and has been commended and currently
being utilized by the Ministry of Electricity and Renewable
Energy (MOEE). This deliverable is a continuation of efforts
that started by a meeting arranged by H.E. Ambassador Lamia
Mekhemar, Consul General of Egypt in Los Angeles with Dr. El-
Askary and being in direct and constant communication with
him since then. I would also like to encourage all Egyptians
abroad to follow this modelof giving back to their motherland
Egypt. As they always say, it is the three Ts, Treasure, Talent and
Time. Give back what you can, when you can.

_E_—_—;\‘“&—l-é»i———-‘\ (= —
Nabila Makram Abdel Shahid

Minister of Immigration and Egyptian Expatriate Affairs
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THE SOLAR ATLAS
IS ONE OF THE MOST
IMPORTANT & EARLY
RESULTS OF “EGYPT CAN 2016~
& HAS BEEN COMMENDED
& CURRENTLY BEING UTILIZED
BY THE MINISTERY OF
ELECTRICITY & RENEWABLE
ENERGY(MOEE)

29




66

THE IDEA
OF DEVELOPING THE
ANALYTICAL SOLAR ENERGY
ATLAS OF EGYPT IS A MUCH
NEEDED PRODUCT AND OF
GREAT AND ABSOLUTE
IMPORTANCE.
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MOHAMED SAID
EL-ASSAR

The Ministry of Military Production gives priority for
military products while working on other projects that may
result in surplus capacity in production which contributes to
these projects for the interest of the Egyptian state. Military
Production has distinctive potentials in solar power production
as we witness around twenty four projects of electrical
l power plant production through solar power all over Egypt’s
governorates. As such, the idea of developing the analytical
Solar Energy Atlas of Egypt is a much needed product and
of great and absolute importance. It will help in the efficient
solar energy exploitation to support the Egyptian energy
authorities to better plan solar energy demands. The Ministry
of Military Production will be willing to adopt this technology
while being engaged in solar-related projects in Egypt.

The availability of such analytical information will help
establish a high-return on possible investment projects that
will make use of Egypt Silica Sand in the manufacturing

of photovoltaic panels that are used in electricity generation
from solar power. Therefore, the Ministry of Military
Production believes that this developed Solar Atlas is an
excellent addition, complementing the Government’s
efforts in finding other venues for electricity production.

We commend Prof. El-Askarys work with the GEO-
CRADLE team on their efforts and direct collaboration with
the renewable authorities, to deliver the Solar Atlas that will
support better schemes of energy production and investments.

1 r Mohamed Said El-Assar
Minister of State for Military Production
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In the light of the efforts exerted by the Government of the Arab
Republic of Egypt to achieve the desired economic growth while
preserving the environment, the government tries to address
the demand for Energy efficiency through the use of renewable
energy sources. We find that the idea of the Solar Energy
Nowcasting SystEm (SENSE) pilot in order to produce (i) the
analytical solar energy Atlas of Egypt mainly for the efficient
solar energy exploitation and (ii) the nowcasting of the solar
energy potential in real time in order to support the Egyptian
energy authorities to better plan solar energy demands, is
of great and absolute importance. The Ministry of Electricity
and Renewable Energy (MOEE) together with the New and
Renewable Energy Authority of Egypt (NREA) considers this
developed Solar Atlas as an excellent addition, complementing
the Government’s efforts in finding other venues of electricity
production. Moreover, the nowcasting product running on
the official ministry website, as well as on NREA website adds
an expediting element to realize efficient operational solar
-based projects. This project straddles the intersection of the
Earth System Science and Computational Science disciplines,
demanding high-resolution numerical model data, sensitive
remote sensing observational data, data mining and machine
learning techniques. It is also a clear example of successfully
building a value chain through a partnership between innovation
and capacity building provider, Geo-CRADLE team, working
with the ministry and associated renewable authority, to deliver
the Solar Atlas and the dynamical output, hopefully to meet
the mandate of the investors and fund providers resulting in
better schemes of energy production and hence in customer
satisfaction.

EL&ﬁg‘-::"
Mohamed Shaker El-Markabi

Minister of Electricity and Renewable Energy
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THE NOWCASTING
PRODUCT RUNNING ON
THE OFFICIAL MINISTRY
WEBSITE AS WELL AS ON
NREA WEBSITE ADDS AN
EXPEDITING ELEMENT TO
REALIZE EFFICIENT
OPERATIONAL SOLAR
BASED PROJECTS
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Egypt is a country with high solar energy potential
and its exploitation is critical for national sustainable
development through efficient energy planning and a
gradual independence from fossil fuels. Equitable access
to energy is a basic requisite for economic development
and an important condition to galvanize economic
growth. Demographic trends in Egypt require informed
long-term planning of the energy sector investments on
the national level to expand existing electricity production
capacities and meet growing demand. Egypt has one of the
most favorable environments for the largest production of
renewable energy in the world. As a result there has been
demonstrated market traction for the region’s solar power
in a growing export market for clean energy. This Solar
Atlas comes to meet these regional needs for optimum
solar energy exploitation and for active and effective
integration and mainstreaming of these technologies into
the national sustainable development economies and
strategies. The quantification of the clouds’ and aerosols’
impact on the solar energy potential guarantees the
reliability of the Atlas.

Several actions point to the fact that a more climate-
resilient economy and society must be built in Egypt,
such as measures aimed at reducing fuel consumption
for energy production, emphasis on energy efliciency
and conservation as well as on power generation from
renewable sources such as the Sun. Egypt is one of the

SOLARATLAS OF EGYPT E
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few worldwide countries endowed with potential for
electricity production from renewable sources because
of its climate and with short-term objectives an increase
in the production from renewable energy sources to at
least 50% of the total national energy production may be
achieved. To manage the electricity grid with high amount
of solar energy will require high-quality information on
everyaspect of solar power generation, and in particular,
solar radiation and energy atlas. Solar yield climatology
is still in an early state in terms of accuracy and coverage.
With this Atlasbased on EUMETSAT data, the climatology
of the solar resources and its application for management
of solar-based electricity power plants and grid integration
strategies are dealt with.

Solar energy is the most abundant renewable resource
and therefore much of the focus on sustainable energy
is targeting the optimum solar energy. By 2050, the
MENA Energy Policy Plan aims to limit climate change
by capping the global temperature rise to no more than
2°C. For this reason, there is a possibility for a reduction of
Green House Gas (GHG) emissions in Egypt by 80 - 95%,
hence establishing a goal of 50% of primary energy from
renewable origin by 2020. In order to achieve this goal,
the MENA countries have developed specific technology-
roadmaps that will lead to the integration of low carbon
energy technologies, and in particular the deployment of
Concentrated Solar Power (CSP) plants and Concentrated
Photovoltaic (CPV) installations in the energy economy.



Mean solar energy potential for CSP in Egypt
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The mean monthly solar energy mapsarebased ona 15-year
climatology of the Direct Normal and Global Horizontal
Irradiances (DNI and GHI respectively) in W/m2. The
climatological radiation data have been downloaded from
the EUMETSAT’s (http://www.eumetsat.int/website/
home/index.html) Satellite Application Facility on
Climate Monitoring (http://www.cmsaf.eu/EN/Home/
home_node.html) Surface Solar Radiation Data Set -
Heliosat (SARAH) which is a satellite-based climatology
of the solar surface irradiance and the surface direct
normalized irradiance, derived from satellite observations
of the MVIRI and SEVIRI instruments onboard the
geostationary Meteosat satellites. The data cover the
region +65° longitude and +65° latitude. The products
are available with a spatial resolution of 0.05° x 0.05°. The
solar atlas maps shown here were produced for Egypt and
they cover the mean monthly DNI and GHI from January
of 1999 to December of 2013, as well as the climatological
monthly means and the solar radiation atlas total means.

Electricity producing systems use different quantities of
solar radiation: The Direct Normal Irradiance (DNI) is
applicable in Solar Thermal Power Plants while the Global
Horizontal Irradiance (GHI) in Photovoltaic systems.
The energy source for any stand-alone photovoltaic (PV)
system or Concentrated Solar Power (CSP) plant is the
solar insolation available at the location of the installation.

SOLARATLAS OF EGYPT
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The performance of such systems is directly affected by the
amount of insolation available to the system. PV systems
enable direct conversion of global horizontal irradiance
(GHI) into electricity through semi-conductor devices,
while CSP systems generate solar power by using mirrors or
lensestoconcentratealargeareaofsunlight, orsolarthermal
energy, onto a small area. Electricity is generated when
the concentrated light is converted to heat, which drives
a heat engine connected to an electrical power generator
or powers a thermo-chemical reaction. Heat storage in
molten salts allows some solar thermal plants to continue
to generate after sunset and adds value to such systems
when compared to photovoltaic panels. For the design,
implementation and efficient operation of these systems,
the weather-dependent production plays a key role and
determines the balance between production and demand.

To enhance their efficient control and improve the
accuracy of information on the availability of solar
radiation, quality solar radiation data and validated
forecasts are essential for planning and deployment
purposes. Photovoltaic technology (PV) has prevailed as
the preferred solution across the board, while the uptake of
concentrated solar power (CSP) systems has been limited
in geographical scope due to their higher insolation
requirements. Nevertheless, CSP adoption is expected to
continue to rise in areas which benefit from high levels
of long-term yearly Direct Normal Irradiance (DNI), such
as the Middle East and North Africa (MENA) region.
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SOLAR ATLAS

CLIMATOLOGY
OF EGYPT
(1999-2013)

This Section presents an analysis of the solar power potential in
Egypt with specific reference to solar power plants for electricity
production. In the analysis provided, the mapping of solar
radiation components is calculated from long-term monthly
EUMETSAT data of DNI and GHI over a period of 15 years (Jan.
1999 to Dec. 2013). The climatological solar power results of this
Section are in W/m2. These data enable the modeling of PV and
CSP production for several sunshine-privileged locations where
solar power plants exist, are under construction, or being planned
by NREA. This analysis helps establish the solar potential for
electricity generation in Egypt, and can support the design and
decision-making process for solar energy systems in the country.

The 15-year mean monthly DNI and GHI reveals a clear seasonal variability with the
maximum solar inputs in summer months and the minimum in winter months. In all
months the distinct anthropogenic impact in large cities is highlighted mainly in northern
Egypt, along the Nile and in the Nile Delta. In April, May and September the impact of
dust is intense in the southern part of Egypt, while the cloud presence can be extended
in October in addition to the spring season as a result of the synoptic climatological
conditions. The impact of dust aerosols and clouds on DNI is much stronger than on GHI,
an effect that is clearly reflected in the following solar atlas maps and in the mean monthly
curves in the following Sections.
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Direct Normal
Irradiance (DNI)
is the amount of
solar radiation
received per unit
area by a surface
that is always held
perpendicular (or
normal) to the
rays that come

in a straight line
from the direction
of the sun at its
current position in
the sky. Typically,
the amount of
irradiance annually
received by a
surface can be
maximized by
keeping it normal
to the incoming
radiation. This
quantity is of
particular interest
to concentrating
solar thermal
installations and
installations that
track the position
of the sun.
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MEAN SURFACE DIRECT
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SOLAR ATLAS
CLIMATOLOGY

OF NORTHERN,
CENTERAL AND
SOUTHERN EGYPT
(1999-2013)

In this Section, the mean monthly GHI and
DNI for three specific locations covering
various geographical and climatological
conditions are presented. From the
northern part of Egypt, the greater area of
Alexandria was covered; in the center of
Egypt, the greater area of Cairo covering the
southern part of the Nile Delta was covered,
and finally, in the southern part of Egypt
the greater region of Luxor and Aswan was
selected.

Theanalysisisbased onthesame EUMETSAT

radiation database of the DNI and GHI for
the period Jan. 1999 - Dec. 2013.
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SOLAR ATLAS OF
TOTAL DNI AND GHI

The mean surface DNI was calculated by
using the mean monthly DNI values from
Jan. 1999 to Dec. 2013. This 15-year
climatology of DNI allows us to quantify the
solar power and energy potential in Egypt
for efficient exploitation in CSP installation.

For the mean surface GHI, the mean
monthly GHI values for the same 15-year
period was used which can potentially
support the local authorities to identify the
optimum locations for PV installations.
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GHI SOLAR ATLAS 1999-2013

250 E 275E  300E 325E  350E

The same EUMETSAT dataset was implemented for the specific greater region of Alexandria
(Northern Egypt), Cairo (Center Egypt, greater Nile Delta region) and Southern Egypt (greater
area of Luxorand Aswan). Inboth DNIand GHI maps,acomprehensive view of the climatological
surface irradiance conditions was provided, as to compare in general the potential solar power
and energy conditions at places with different geographical and climatological background.
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The figures below represent the mean inter annual GHI and DNI curves by calculating the mean of
means for the 15-years period (Jan 1999 - Dec 2013) for the whole Egypt region as compared with the
three sub-locations. The GHI shows a typical summer maximum in all cases reaching means values
around 350 W/m2, while in winter months the lowest GHI is about 180 to 190 W/m2. Southern Egypt
has the largest values in all months and the lowest are in northern Egypt (greater region of Alexandria).

The DNI presents the maximum mean values in summer months as well starting from March with DNI
of about 330 W/m2 (Egypt) to 380 W/m2 in July. A local reduction in April and May for the southern
Egypt region and the mean values of Egypt was found and has to do with the relatively increased cloud
coverage and frequent dust storms in the late spring (mean DNI in the period April-May is 325-350
W/m?2). Southern Egypt has the highest mean DNI values in winter and autumn, while in summer the
highest power values are in Delta of Nile and northern Egypt regions reaching 390 W/m2.

MEAN SOLAR POWER AND ENERGY FOR EGYPT
AND THE THREE SUB-REGIONS.

SOLAR POWER SOLAR ENERGY
ATLAS
15 YEARS (W/M2) (KWH/M2)
EGYPT 292 252 2554 2208
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LANDS DEVOTED

TO DEVELOPMENT
THAT ARE ASSIGNED
TO NREA THROUGH
A PRESIDENTIAL
DECREE
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Once an exporter of oil and gas, Egypt is now struggling to meet
its own energy needs. Whilst Egypt has proven oil reserves of 4.4
billion barrels and proven natural gas reserves of 78 trillion cubic
feet, an ever-increasing percentage of its daily production is being
used to meet the country’s growing energy needs.

Egypt’s demand for electricity is growing rapidly and the need
to develop alternative power resources is becoming ever more
urgent. It is estimated that demand is increasing at a rate of 1,500
to 2,000MW a year, because of rapid urbanization and economic
growth.

Development of the renewable energy industry has become a
priority over recent years for the Egyptian government. Egypt’s
present energy strategy aims at increasing the share of renewable
energy, a target expected to be met largely by scaling-up of
renewable energy projects.

2022

| The Enmrgy
Gap

2021
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Due to its location, topography and climate, Egypt has an average
level of solar radiation between 2,000 to 3,200 kWh per square
meter a year, giving it significant potential for utilizing this form
of renewable energy. Egypt is recognized as having vast potential
for solar and wind energy application.

The Egyptian government is making extensive progress
towards becoming a significant player in the renewable energy
industry; it has since long recognized the need for reform of the
electricity sector in order to attract private sector investment
in power generation, as it is believed that the private sector
will be instrumental to Egypts ability to deliver its renewable
energy targets. One of the key models that the decision-makers
in Egypt are pursuing is the presidential decree of devoting a
number of lands for those renewable energy projects, in addition
to encouraging scientists to work on all tools and facilities that
improve those proposed projects.

One of the major steps is the presidential decrees (ex. No. 116 for
the year 2016) for devoting a number of Egyptian zones (including
sub-zones) to be developed and used by the New and Renewable
Energy Authority and Ministry of Electricity and Renewable
Energy, to use it in electricity generation stations from wind, solar
energy, and photovoltaic cells.
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Solar power for PV (W/m’)
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The interannual variability for PV exploitation in the Red Sea Coast Zone presents incoming solar
power values from 180 W/m2 in winter to 360 W/m2 in summer (land range 345-365 W/m2).
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For CSP, the corresponding values and ranges are 260-400 W/m2 for winter and summer months,
respectively, while based on the specific lands in summer, the range is 340 - 400 W/m?2.
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HURGHADA LOCATION 1 (AL AHYAA)
1 Land area 200m x 170m devoted by Red Sea Governor decree No. 64 year 1986 (Dated

16/7/1986). Its coordinates are as follows:

33°46'30"E 33°46'45'E

27°17'0"N

33°46'30'E  33°4645'E

Hurghada 1 " Red Sea
Al-Ahyaa [
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HURGHADA LOCATION 2 (KILO 10)
2 Land of 2500m x 1000m devoted by Red Sea Governor decree No. 112 year 1993

(Dated 20/6/1993). Its coordinates are as follow:

33°4115"E 33°42'0"E 33°42'45"E 33°43'30"E

x
[ g

N

27°19'30"N
27°19'30"N

27°18'45"N
27°18'45"N

<
o
m L
—

o

P~
o

0, 0225 045

33°42'0"E =~ 33°4245'E
Hurghada 2 - Red Sea

33°41'15"E

Kilo 10
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MARSA ALAM
3 Land of area 629.38 Feddan (2.547 km2). It coordinates are as follows

33°54'0"E 33°55'0"E

<
o
o
O
©
~

26°49'0"N

33°54'0"E 33°55'0"E

Marsa Alam
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GEBEL EL-ZIET
4 Land of area 656.4 km2 devoted by Red Sea Governor decree No. 91 year 2006

(Dated 27/3/2006). Its coordinates are as follows:

33°15'0"E 33°30'0"E

33°15'0"E 33°30'0"E

Gebel El-Zeet
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SHARM EL-SHEIKH
5 Land of area 25337 m2 (about 6.26 Feddans) devoted by Prime Minister Decree No. 1478

year 2015. Its coordinates are as follows:

34°18'5"E 34°18"10"E

34°18'5"E 34°18"10"E

27°56'5"N
27°56'5"N

Sharm
El-Shiekh
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Monthly mean solar energy in kWh/m2 for PV systems
for the 5 lands of the Red Sea Coast Zone.

LOCATION 1 2 3 4 5

JAN 138 138 136 136 132
FEB 149 147 148 148 148
MAR 205 202 205 207 206
APR 223 218 221 225 225
MAY 243 239 244 251 249
JUN 252 249 254 259 258
JUL 255 252 257 263 260
AUG 239 236 241 246 243
SEP 209 208 209 212 210
OCT 179 177 179 180 177
NOV 144 143 143 142 140
DEC 130 130 128 128 126
TOTAL 2365 2338 2363 2395 2372

Monthly mean solar energy in kWh/m2 for CSP systems for
the 5 lands of the Red Sea Coast Zone.

LOCATION 1 2 3 4 5

JAN 204 205 195 207 191
FEB 186 183 180 194 189
MAR 241 233 237 258 250
APR 227 215 223 241 237
MAY 236 224 237 258 252
JUN 263 252 269 286 277
JUL 268 258 272 292 283
AUG 250 240 255 274 264
SEP 242 237 238 257 247
OCT 224 217 216 233 221
NOV 206 207 202 209 199
DEC 200 201 189 202 192

2747 2670 2712 2909 2802
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Solar power for PV (W/m’)
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Figures show the interannual variability for PV and CSP systems in the Suez Governorate (Zaafrana)
lands. The GHI values range from 160 W/m2 in winter to 360 W/m2 in summer.
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For CSP the corresponding values are 220-240 W/m2 and 380-400 W/m2 for winter and summer
months.
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LOCATION 1
1 Land of area 80 km2 devoted by Presidential decree No. 400 year 1995 (Dated 13/12/1995).

Its coordinates are as follows

32°30'0"E ~ 32°350'E 32°40'0"E

29°20'0"N

Gulf of Suez

<
o
To]
—
o

)]
o

29°10'0"N
29°10'0"N

32°30'0"E  32°350°E 32°40'0"E

™ *

Zaafrana

Location 1
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LOCATION 2
2 Land of 9500m x 8000m devoted by Red Sea Governor decree No. 107 year 2002 (Dated
30/7/2002). Its coordinates are as follows:

32°30'0"E 32°35'0"E 32°40'0"E

Gulf of Suez

32°300"E ; 32°400°E

Zaafrana

Location 2
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LOCATION A
3 Land of area 8192415 m2 (about 8.19 km2) devoted by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates are as follows:

32#32!0HE 3_203-4.IDIIE

Gulf of Suez

<
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o
&
Q

o
&

29°22'0"N

29°20'0"N

32320 32°340'E
Zaafrana

Land "A"
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LOCATION C
4 Land of area 8664830 m2 (about 8.66 km2) devoted by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates are as follows:

32°34'0"E 32°36'0"E 32°38'0°E

Gulf of Suez

<
o
©
©
Q

&
N

29°16'0"N

29°14'0"N
29°14'0"N

3@34IOIIE 32336I‘DIIE 32G38IOHE

29°12'0"N

_Sinai
Zaafrana
Added Location C

Gulf of Suez
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MAP OF THE FOUR LOCATIONS OF ZAAFRANA AREA

32°30'0"E

=
o |
o
o
o
o
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| 32°30'0"E
Zaafrana
Location 1

&
@ Location 2

Location A

32°35'0"

32°35'0"

E

E

32°40'0"E

Gulf of Suez

32°40'0"E

Gulf of Suez A
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Monthly mean solar energy in kWh/m2 for PV systems for the 5 lands
of the Suez Governorate (Zaafrana Zone).

LOCATION 1 2 3 4

JAN 125 116 118 123
FEB 139 131 131 137
MAR 197 188 190 196
APR 220 207 211 216
MAY 249 237 243 245
JUN 258 248 257 255
JUL 261 250 258 256
AUG 244 234 242 242
SEP 208 200 204 207
OCT 174 167 170 173
NOV 134 128 129 133
DEC 118 113 113 117
TOTAL 2326 2216 2262 2298

Monthly mean solar energy in kWh/m2 for CSP systems for the 5 lands
of Suez Governorate (Zaafrana Zone).

LOCATION 1 2 3 4

JAN 181 163 159 177
FEB 174 160 151 170
MAR 235 221 213 230
APR 228 210 208 218
MAY 253 237 239 242
JUN 285 272 279 275
JUL 289 273 279 275
AUG 274 259 264 264
SEP 251 241 237 247
OCT 224 214 209 221
NOV 195 187 176 192
DEC 181 174 165 178

2767 2607 2577 2685
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NORTHERN

ONE TWO THREE
Ras El-Hekma Location Baghoush Location El-Mathany Location

NORTHERN COAST ZONE

Reid Sea Const Lane
420 i i i L i i i i i i i s | {uirg haufa Locartion 1 {Al Ahyaa)

] - ghaiky Location X {Kilo 1)
400 i

380 - a

] L Sigr Governarate | faalranal
360 - | s acation |
. - Location 2

—Locatien A

340 4
320 4
300 -
280 -

|| cation

Sorthern Coast Locations

R as E1-Hekma Locabion
{3 p oush oscatio

s [ M lathany Locatiom

e & |-Canlalaky Localsn

w1 vovemm Loscation in El-Hummam

Kuraymsi | ocathsn {Selar siatien )

Solar power for PV (W/m”)

:f]ﬂ =1 = = Al-K uraymad

1 West amd East Nike Locatian
240 < - e | 1] 11, 3

1 ] T T
220 4 | — ocition |

East Nile fone
= East Wind-
s [ 301 Wimd-2

200 4
180 4
160 -

140 14F% ; ; ; : . ; . ; ; | =—Zewm

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC —mm
Avwoam |aocation

Adtlas time (15 years climatology) e Réribam Locution

Fares Location

asr Sodat-
Fast Sodar-1
st Sodar-3

— 1 T

— s ]

In the Northern Coast locations, the available solar power for PV is in the range 140-360 W/m2
(winter and summer months respectively).
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COAST LOCATIONS

FOUR

3

Solar power for CSP (W/m')

Al-Galalah Location

420

FIVE

NORTHERN COAST ZONE

400 -
380 -
360 -
340 4
3204
300 -
280 -
260 -
240 -
220
200 -
180 -
160 -

140
JAN

T

FEB MAR APR MAY JUN

JUL  AUG SEP  OCT NOV DEC

Adtlas time (15 years climatology)

Rowesaat Location in El-Hammam City

Kl Sea Canst fone
s | {urghada Locanion § (Al Ahyaa)

o o— i il Locaiod 2R So 1E)

s Nrsa Alam
s el Eliict

Sharm EESlkh
Suer Lovernarabe { faalrana )
s | cication |

Location 2
s | pscation A
s |_ication L
Sorthern Coast Locations
R as E1-Hekma Locabion

[ e P phoush [ ocation

s [ M lathany Locatiom

Al-Lanlalah Locatson
s I v Loscution in El-Hummmam
Kuraymsi | ocathsn {Selar siatien )
e |- B uray st

West amd East Nike Locatian

— | aryd] 1y, §

- gy 0o, 7

Location |
East Nile fone
East Wind-1

L. o1 Winnd-2

East Sefar-1
Fast Sodar-1
st Sodar-3
— T
— s 12
— AT T}
— S T
Awwan Location
s [l ban Location
Fares Location

For CSP the corresponding values are 220-240 W/m2 and 380-400 W/m2 for winter and summer

months.
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RAS EL-HEKMA LOCATION
1 Land of area 300m x 150m devoted by Matrouh Governor Decree No. 154 year 1995. Its
coordinates are as follows:

27°51'45"E 27°52'15"

=
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Q

g
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27°51'45"E

North Coast
Ras El-Hekma
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BAGHOUSH LOCATION
2 Land of area 300m x 200m devoted by Matrouh Governor Decree No. 100 year 1995. Its

coordinates are as follows:

27°39'30"E

31°9'15"N

27°39'30"E

North Coast
Baghoush

27°39'45"E

27°3945"E

27°400"

27°40'0"1

Med. Sea
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EL-MATHANY LOCATION
3 Land of area 200m x 200m devoted by Matrouh Governor Decree No. 100 year 1995. Its

coordinates are as follows:

26°47'15"E  26°47'30"E  26°47'45"E  26°48'0"E = 26°48'15"E
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31°23'0"N 31 ;’23'1 5"N  31°23'30"N  31°23'45"N

26°48'0"E = 26°48'15"E

Med. Sea

31°22'45"N

North Coast
El-Mathany
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AL-GALALAH LOCATION
4 Land of area 300m x 200m devoted by Matrouh Governor Decree No. 100 year 1995. Its

coordinates are as follows:

28°10'45"E

28°10'45"E

North Coast
Al-Galalah

28°11'0"E

28°11'0"E

28"1115°E

28°11"15"E
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Land of area (19 1 16) devoted by Presidential Decree No. 399 year 2006, date 20/11/2006.
Its coordinates are as follows:

. ROWESAAT LOCATION IN EL-HAMMAM CITY

29°19'0"E 29°19"15"E

30°48'30"N
30°48'30"N

30°48'15"N

<
0
zo
©
=
o

o
@

30°48'0"N
30°48'0"N

29°19'0"E | 29°19'15"E

North Coast

Al-Rowaysat

(Hamam Citu)
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Monthly mean solar energy in kWh/m2 for PV systems for the 5 lands
of the northern coast zone.

LOCATION 1 2 3 4 5

JAN 97 103 101 104 107
FEB 111 120 118 122 126
MAR 169 179 178 180 183
APR 202 210 210 213 212
MAY 237 241 244 246 244
JUN 252 252 255 255 254
JUL 255 258 261 261 260
AUG 237 241 242 242 240
SEP 192 197 197 199 198
OCT 150 156 155 158 160
NOV 107 112 112 114 116
DEC 93 97 95 98 100

2100 2162 2164 2190 ACY

Monthly mean solar energy in kWh/m2 for CSP systems for the 5 lands of
northern coast zone.

LOCATION 1 2 3 4 5

JAN 117 128 124 132 142
FEB 113 134 131 138 149
MAR 172 196 200 199 206
APR 193 211 214 219 215
MAY 2EV) 240 248 252 248
JUN 266 267 277 277 272
JUL 273 283 293 292 285
AUG 259 272 278 276 266
SEP 214 230 230 235 232
OCT 170 187 184 190 194
NOV 129 142 143 144 151
DEC 118 127 124 129 133
TOTAL 2250 2413 2443 2479 2491
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Solar power for PV (W/m’)

KURAYMA’

—1

KURAYMAT LOCATION (SOLAR STATION)

Hed Sca Caast Lane
4:“ i b b h L A & i d i i s Hurghada Locansan | (Al Ahyaa)
1 o g hads Locatbon I {Kilo 10}
400 | s Mrsn Alam
J | (el Bt
339 - = Sharm Ei-Shaikh
4 L Soxr Governaraie {(Laalrana)

s L ocation |

LI

=

=
1

I

Lecation 2

’ . s |_scalion A
340 q " [ st [
3720 —. o A | Morthern Coast Locations
- 2 s R0k 1-Hekma Locabon
| P ; 1 [ g housh Loscation
300 rF X [~ e 1 M thiany Lscartiion
| f % [ Al-linlalah Locatson
IEG = r Y ™ o [ ivocesgad Losntion in El-Hammam
1 F. b " F Kuravmsi Lecatien (Salar siatlsn)
260 / ! = Al-Kuraymat
] / A r Wesl and East Xile Locatian
240 + Fi % = — e, 3
1 f N, [ g no, 2
220 4 F 3 | e ocation |
& 4 L - East Nike Lone
200 - d ] N = Eam Wind-1

o 4 % L. s Wind-2
]Sﬂ— ; ™ = Faasn Sodar-1
rF 4 . I East Solar-2

160 - | Eas Solar-3

— 0 T

140 ] ¥ T T - - - - - . . . [ —?n.fmnl-_'
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC oo

. =g i
Avwan Location
.‘\Ltlﬂﬂ I.E'I."I'IIJ { 15 }'tﬂl‘,\‘ Cl'iﬂ'lﬂlﬂlﬂg}'} s (e ban Location

Fares Location

At Kuraymat location PV technologies are able to exploit a power potential of 160 to 350 W/m2.
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LOCATION (SOLAR STATION)

3

Solar power for CSP (W/m')

420
400
380
360
340
320
300
280
260
240
220
200
120
160
140

KURAYMAT LOCATION (SOLAR STATION)

L TR I R

|/

LT TR T

JAN FEB MAR APR MAY JUN

JUL AUG SEP OCT NOV DEC

Atlas time (15 vears climatology)

Hed Sea Coast Zone
s Hurghada Locanson | (Al Ahyaa)

. e Hyirg ook Locatbon I {kilo 10)

e M nrsa Alam
il Bt

Sharm Ei-Sheikh
S Governarabe (Laafrana)
s | ocation |

Location 2
m— Location A
e |_oCation C
Northern Coast Locations
e 01, E1-Hckona Lication

[ e Binphaush Loscation

s |- Mathany Location

[ e - Cinlnlaby Location

s v Loscntion in El-Hammam
Kuraymst Location (Selar statlsn)
e A=K uray sl
Wesl and East Nile Locatisn
e ] 1,
L o, 2
s scationn, |
East Nile £one
Eam Wind-1
s i Wimide2
Laar Sodar-1
[East Solar-2
= [ Silare1
— 0 -
— s -1
— 2 T3
e 00 -
Awwan Location
m fenban Location
Fanes Location

CSP technologies exploit at Kuraymat 220 to 390 W/m2 with the dust storms causing during April a

Cco

nsequent energy reduction.
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KURAYMAT LOCATION (SOLAR STATION)

Land area 660 Feddan devoted by Presidential Decree No 212 of year 2003,
Date 11/8/2003, its coordinates are as follows:

31°13'30"E 31°14'30"E 31°15'30"E

<
o
“
o)
>
=]

)
N

31°13'30'E 31°14'30°E 31°15'30"E

Qaraun
Lake

Al-Kuraymat

Solar Satation

Fayoum
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KURAYMAT
LOCATION
(SOLAR

STATION)

Monthly mean solar energy in kWh/m2 for PV & CSP systems for the lands
of Kuraymat Location (Solar Station).

SOLAR ENERGY (KWH/M2)
JAN 121 164
FEB 136 161
MAR 194 222
APR 219 225
MAY 249 252
JUN 256 280
JUL 260 285
AUG 243 269
SEP 206 246
OCT 172 215
NOV 129 176
DEC 114 160
TOTAL 2296 2653
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Solar power for PV (W/m’)

WEST AND

ONE TWO
Land no. 3 Land no. 2

WEST AND EAST NILE LOCATION

Hed Sea Caoast Lane

420 i L L L i i i i 1 4 i s Hurghada Locartion | {A] Ahyaa)
o m—Hurghads Locatkon 2 {kilo 10}
4010 S = = «Marsa Alam
w—(iche] El-Sict
380 - - Sharm Ei-Shekh
L Suew Governarabe {Zaafrana)
Ll s |_ocation |
3ﬁﬂ " = Location 2
| OCation A
34!} 7] m— |_ocation [
Northern Coast Locsiions
3204 s fns El-Hekma Location
B e i p i Losgation
300 + s | Mathany Location
Al-Gialalab Locamson
IEH =l st ivaesgat Eooscation in El-Hammam
Kursymst Lecatlon {Salar statlsn)
260 - Al-K uraymal
Wesl and East Xile Locatian
24!] - s | ] 1, 3
f e and 0o, 2
220 4 s |_cation |
East Nile £one
200 - East Wind-1
L. ) Wimd-2
]8[’ = LEasr Solar-1
East Sodar-2
) Eas Solar-3
| ﬁﬂ | — e -
140 T T T T - - - . . . . — s 2
i T — A T )
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC —pmm
Aswan Locaiion
fﬁitlaﬁ I.E'I."I.'I{.“ { 1 5 }'Cﬂn‘- Cliniﬂinlﬂ‘g}' } e [l e b Locntion

Fanes Location

West and East Nile location offers solar power conditions of 180 to 360 W/m2 for the PV solar farms.
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EAST NILE LOCATION

Solar power for CSP [W.sz]

THREE

Land no. 1

WEST AND EAST NILE LOCATION
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— 0
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— 2 T3
e 00 -
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s (e ban Location

Fanes Location

At the same time CSP benefits from the DNI which is from 250 W/m2 during January to 400 W/m2

in June-July months.
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LAND NO. 3
1 Land area 109897.11 Feddan devoted by Presidential Decree No. 116 of year 2016, date
21/3/2016. Its coordinates are as follows:

29°45'0"E | 30°45'0"E

28°45'0"N
28°45'0"N

<
o
o
&
(=]

e
~

28°15'0"N
28°30'0"N

28°0'0"N

29°45'0"E 30°0'0"E 30°15'0"E

East and West
Nile

Land No. 3 | Eastern Desert
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LAND NO. 2

Land area 338325.49 Feddan devoted by Presidential Decree No. 116 of year 2016, date

21/3/2016. Its coordinates are as follows:

=
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(+0]
N

27°30'0"N

30°45'0"E

30°450"E

East and West
Nile

Land No. 2

31°0'0"E

31°0'0"E

31°15'0"E

31°15'0"E

31°30'0"E

28°15'0"N

31°300'E
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LOCATION 1
3 Land area 127790.54 Feddan devoted by Presidential Decree No. 116 of year 2016, date
21/3/2016. Its coordinates are as follows:

31°10'0"E 31°20'0"E

28°40'0"N
28°40'0"N

z
o
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Q

&
N

28°20'0"N

31°100E 31°20'0"E

East and West Nile

Westers Dogort

Location 1

Eastern Desert
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Monthly mean solar energy in kWh/m2 for PV systems for the lands
of West and East Nile Location.

LOCATION 1 5 3

JAN 130 132 128
FEB 144 145 142
MAR 203 207 202
APR 223 225 223
MAY 251 252 252
JUN 257 258 258
JUL 263 262 262
AUG 245 246 245
SEP 210 211 209
OCT 177 179 177
NOV 137 140 135
DEC 123 125 121
TOTAL 2360 2379 2352

Monthly mean solar energy in kWh/m2 for CSP systems for the lands
of the West and East Nile Location.

LOCATION 1 7 3

JAN 187 187 182
FEB 183 179 177
MAR 245 248 242
APR 237 236 235
MAY 260 260 260
JUN 284 285 287
JUL 295 292 293
AUG 276 274 274
SEP 253 252 252
OCT 226 227 226
NOV 195 196 189
DEC 184 185 178
TOTAL 2824 2819 2791
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Solar power for PV (W/m’)

EAST

ONE TWO THREE FOUR
East Wind-1 East Wind-2 East Solar-1 East Solar-2

EAST NILE ZONE

Heid Sea Caast Lane
420 i L L L i i i i 1 4 i s Hurrghauta Locanion 1 (Al Ahyaa)
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e L Soxr Governaraie {(Laalrana)
el s L ncation |
360 i g . Location 2
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34[’ -_- m |_ccation
Northern Coast Locations
M) =
320 s R0k El-Hekma Liocabon
T [ g housh Location
300 e | Mlathany Location
i Al-Ginlalab Location
IEH =1 s [ v Loscntion in El-Hammam
" Kursymsi Location (Selar statlsn)
260 Al-K uraymal
1 Weal and East Nile Locatisn
24{’ - s |_ ] 1, 3
1 [ and no, 2
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L East Nile fone
200 ~ East Wind-1
o L. s Wind-2
| 8[’ - East Sodar-1
i East Solar-2
- Eas Solar-3
160 | — 0 T
140 44— . . . ; ' . . . : : e
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC —pmms
Avwan Location
.‘\Ltlﬂﬂ I.E'I."I.'IIJ { 1 5 }'tm‘,\‘ Chn‘ﬂlnlﬂ‘g}' } s [lenban Location

Fanes Location

The interannual variability for PV exploitation in the East Nile zone presents incoming solar power
values from 160 W/m2 in winter to 260 W/m2 in summer.
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NILE ZONE

Solar power for CSP [W.sz]

FIVE SIX SEVEN EIGHT

East Solar-3 Zero m-1 Zero m-2 Zero m-3
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e 00 -4
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Fanes Location

For CSP the corresponding values are 240-260 for winter to 400 W/2 for summer months.
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EAST WIND-1

Land of area 748.3510132 km?2 (Elevation is 150 m), devoted to the Authority of
Development and Using New and Renewable Energy, by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

30°45'0"E

East Nile
East Wind 1

(VAN SOLARATLAS OF EGYPT



EAST WIND-2

Land of area 78.9180984 km?2 (Elevation is 150 m), devoted to the Authority of
Development and Using New and Renewable Energy, by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

31°4'0"E 31°6'0"E 31°8'0"E 31°12'0"E 31°16'0"E

28°32'0"N
28°32'0"N

28°24'0"N
28°24'0"N

31 .0410HE 3 ﬂsl“E 31.B.IOII . . 31 ﬁ1 EIUHE 31& 1 6IDIIE

East Nile
East Wind 2

SOLARATLAS OF EGYPT m



EAST SOLAR-1

Land of area 416.0840149 km2 (Elevation is 5 m), devoted to the Authority of Development
and Using New and Renewable Energy, by Presidential decree No. 572 year 2016 (Dated
17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

30°500°E 31°0'0"E 31°10'0"E
l
i

28°0'0"N
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©
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o

 27°50'0"N

30°50'0"E

East Nile
East Solar 1
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EAST SOLAR-2

Land of area 118.6579971 km2 (Elevation is 5 m), devoted to the Authority of
Development and Using New and Renewable Energy, by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

28°10'0"N

31°0'0"E

31°10'0"E
1

28°20'0"N

28°10'0"N

East Nile
East Solar 2

31°10'0"E
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EAST SOLAR-3

Land of area 363.0570068 km2 (Elevation is 5 m), devoted to the Authority of
Development and Using New and Renewable Energy, by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

31°6'0"E  31"10°0"E = 31°15'0"E = 31°20'0"E = 31°25'0"E

28°25'0"N 28°30'0"N 28°35'0"N
| 28°30'0"N 28°35'0"N 28°40'0"N

28°25'0"N

28°20'0"N

31°50°E  31°100°E  31°150°E  31°200°E  31°250'E

East Nile
East Solar 3
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ZERO M-1

Land of area 60.4500999 km2 (Elevation is 0 m), devoted to the Authority of
Development and Using New and Renewable Energy, by Presidential decree No. 572 year
2016 (Dated 17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

30°50'0"E 30°55'0"E 31°0'0"E 31°5'0"E
- RTINS f
e rh- gt
w ' ; '. ' 4 A \' |

<

27°55'0"N
27°55'0"N

27°50'0"N
27°50'0"N

27°45'0"N

East Nile

Zero m-1
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ZERO M-2

Land of area 58.3455009 km?2 (Elevation is 0 m), devoted to the Authority of Development
and Using New and Renewable Energy, by Presidential decree No. 572 year 2016 (Dated
17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

30°55'0"E 31°0'0"E 31°5'0"E
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East Nile

Zero m-2
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ZERO M-3

Land of area 17.8666 km2 (Elevation is 0 m), devoted to the Authority of Development
and Using New and Renewable Energy, by Presidential decree No. 572 year 2016 (Dated
17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

28°20'0"N

31°0'0"E

East Nile

Zero m-3
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28°20'0"N

31°10'0"E
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ZERO M-4

Land of area 96.6465988 km2 (Elevation is 0 m), devoted to the Authority of Development
and Using New and Renewable Energy, by Presidential decree No. 572 year 2016 (Dated
17/12/2016). Its coordinates (UTM, WGS84, Zone 36N) are as follows:

31°10'0"E 31°15'0"E 31°200"E 31°25'0"E
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EAST NILE
/ZONE

Monthly mean solar energy in kWh/m2 for PV systems for the lands
of East Nile Zone.

LOCATION W 2 3 4 5 6 7 8 9

JAN 134 | 128 132 130 129 131 130 | 129 128
FEB 148 143 145 143 143 145 144 143 142
MAR 209 202 206 = 204 203 206 205 =203 202
APR 226 223 225 223 222 225 224 223 223
MAY 251 251 252 252 251 251 252 251 252
JUN 258 258 258 257 258 257 257 258 258
JUL 262 262 262 | 262 262 | 262 262 | 262 262
AUG 246 245 245 245 245 245 245 245 245
SEP 212 210 211 | 210 210 | 211 210 | 210 209
OCT 181 177 179 178 178 179 178 177 177
NOV 142 | 136 138 | 136 137 139 136 | 136 135
DEC 128 121 124 122 122 124 122 121 121

TOTAL 2396 2355 2373 2361 2358 2374 2363 2356 2352
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Monthly mean solar energy in kWh/m2 for CSP systems for the lands
of the East Nile Zone.

LOCATION W 2 3 4 5 6 7 8 9

JAN 190 180 184 181 185 183 182 179 182
FEB 186 178 178 176 180 179 177 175 177
MAR 252 241 246 242 244 246 244 243 242
APR 241 234 236 233 235 236 235 235 235
MAY 258 258 259 259 260 258 259 259 260
JUN 284 286 285 285 287 285 285 285 287
JUL 293 294 293 292 293 292 292 293 293
AUG 275 275 274 274 274 273 273 274 274
SEP 253 252 252 252 253 251 252 252 252
OCT 230 226 228 226 228 227 226 225 226
NOV 200 191 190 187 193 193 186 189 189
DEC 188 176 178 174 182 180 175 177 178

TOTAL 2847 2788 2799 2778 2800 2782 2782
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Solar power for PV (W/m’)

ASWAN

ONE

Benban Location

ASWAN LOCATION

Heid Sca Caast Lane

4:{“ i b b h L A & i d i i s Hurghada Locanson | (Al Ahyaa)
1 o m—Hyirghada Locatbon I {kilo 1)
4010 S | e Marsn Alam
J | (el St
339 i = Sharm Ei-Shakh
4 L Suew Governerabe (Laalrana)
s L cation |
3ﬁﬂ i | Loscation 2
— _ncation A
34[’ ] [ s scaticon
320 _. ._ Sorihern Coast Locstions
- s R as 1-Hekma Locabion
T [ s iy phisiisth L oscation
300 -

s | Mlathany Location
i [ Al-Ginlalab Location
IEH =1 B —'R:r-;.ml I n.'Jl:i:m i El-Hummam
" F Kuravemsi Lecatlon (Selar statlsn
2&'“ G -'\I-kiurn:.lml st :
1 4 r Wesl and East Xile Location
240 - = s | i i, 3
1 [ g 0o, 2
220 4 | e ocation |
E F East Nile fone
200 =% - East Wind-1
o L s Wind-2
| 8[’ - - East Sodar-1
i | East Solar-2
o 2 Eas1 Solar-3
160 | B —.h'tlr m-l
N T AR I e R WL Ao e 0o ey b — i
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC —yaima
Axwan Location
.‘\\Tlﬂﬂ I.E'I."I.'IIJ { 1 5 }'tm‘,\‘ Cl'iﬂ'lﬂlﬂlﬂg}'} s (e ban Location

Fanes Location

Aswan is a location where the available solar power for PV technologies is in the range 200 and 250
W/m2 and this indicates the appropriateness of Aswan and the surroundings for efficient energy
exploitation almost all year.
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LOCATION

Solar power for CSP [W.sz]

TWO

Fares Location

ASWAN LOCATION

P . . . . . . . . .
400 -
380 -
360 -
340 -
320
300 -
280 - I
260 - B

240 - [
220 - R
200 -
180 -
160 -

140 1—, . . : :
JAN  FEB MAR APR MAY JUN

LINT TR T

JUL AUG SEP OCT NOV DEC

Atlas time (15 years climatology)

Hed Sea Coast Zane
s Hurghada Locansan | (Al Ahyaa)

o g haoda Locatbon I {kilo 10}

e M s Alamm
s il Bt

Sharm Ei-Sheikh
Suex Governaraie (Laafrana)
s | ocation |

Location 2
s Loscation A
|| ccation
Northern Cowst Locstions
e 01, E]-Hiekona Liocation
g housth L oscation
wm | Mlathany Location
s A -(inlnlahy Location
s [ ivovesmnl Logation in El-Hammam
Kursymat Location (Selar statlen)
e A )= K uray sl

" Wesl and East Nike Locatisn

s | i, 3
s 0o, 2
s Lcationn |
East Nile £one

Eas Wind-1
] Wimd-=2

Laar Sodar-1

[East Solar-2

= [ Silared
— s
— g -2
— 2 T3
e 0 -4
Aswan Location
s (e ban Location

Fanes Location

Under DNI, the CSP technologies are able to exploit a high solar power of more than 290 W/m?2 for

the largest part of the year with maximum mean DNI values of about 370 W/m2.
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BENBAN LOCATION
1 Land area 8843.28 Feddan devoted by Presidential Decree No 116 of year 2016, Date

21/3/2016, its coordinates as the follow:

32540!0“E 32045}0"E

<
o
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24°30'0"N

32°40'0"E 32°45'0"E

24°20'0"N

Benban Area

Eastern Desert
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FARES LOCATION
2 Land area 3621.2 Feddan (15.212 km2) devoted by Presidential Decree No 116 of year

2016, Date 21/3/2016, Its coordinates are as follows:

32°48'0"E  32°50'0'E
|

24036!0”“

|
1 Kilrratds

32°48'0"E 32°50'0"E

Fares
Location

SOLARATLAS OF EGYPT



ASWAN
LOCATION

Monthly mean solar energy in kWh/m2 for PV systems for the lands
of Aswan Location.

LOCATION 1 2

JAN 151 148
FEB 163 160
MAR 220 216
APR 233 230
MAY 248 246
JUN 252 250
JUL 257 255
AUG 243 240
SEP 216 213
OCT 190 187
NOV 156 153
DEC 145 142
TOTAL 2472 2439
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Monthly mean solar energy in kWh/m2 for CSP systems for the lands
of Aswan Location.

5 1 LOCATION

218 217 JAN
207 206 FEB
266 267 MAR
248 248 APR
249 248 MAY
266 265 JUN
273 271 JUL
255 254 AUG
248 246 SEP
231 230 OCT
218 218 NOV
216 215 DEC
2895 2885 TOTAL
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NREA LANDS
SOLAR POWER AND
ENERGY POTENTIAL
FOR PV AND CSP
INSTALLATIONS

In this Section, the solar power and energy results
of Section IV is concluded in order to present all
together the 29 NREA locations for comparison
reasons, and the analysis for specific exploitation
areas is extended as to quantify the potential
energy outputs for PV and CSP installations.
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Solar power for PV ( mez]

EAST NILE
/ZONE

EAST NILE ZONE

L B B

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Adtlas time (15 years climatology)

Hed Sea Coast Zane
s Hurghada Locanson | (Al Ahyaa)

o o Hyirghauda Locatbon I {Kilo 10}

s Mrsa Alam
s il Bt

Sharm Ei-Sheikh
Suer Governarabe (Laafrana)
s | ocation |

Location 2
s ocation A
s |_ocation
Northern Coast Locstions
s R0k El-Hekma Locabon
w0 g housh Loscation
s | Mlathany Location
Al-(inlalah Locatson
s [ v Loscntion in El-Huammam
Kuraymat Location (Selar station)
- Al-Kuraymasi
Wesl and East Nile Locatisn
] 1,
L and o, 2
s Lscstionn. |
East Nile £one

East Wind-1
s 2 Wimd-2

East Sodar-1

[East Solar-2

= [ Silared
— o
— g =2
— 2 T3
e 00 -
Axwan Location
s [lenban Location

Fanes Location

The proposed by NREA lands showed that the majority of the locations in Egypt are favorable for PV
exploitation since the mean winter GHI values range from 140 to 200 W/m2 and during summer are

340-360 W/m?2.
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Solar energy from CSP (kWh;"m2}
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Hed Sea Coast Zone
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JAN
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Atlas time (15 years climatology)
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e Huirghanda Locatbon 2 (K1l 10)
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— jete] ER-Fict
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s |_ocation |
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s Lvcation A,

| — cation
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e 011, E1-Hekona Liocation
s Finphsiish L oscation
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e A -(inlnlahy Location
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Kuraymat Location {Selar statisn)
e A=K uray sl
Wiest and East Xile Locatian
s |l 1, 3
e [ ] 1, 7
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East Nile £one

“ Eam Wind-1
— ] Wind-2

East Sobar-1

[East Solar-2
s 38 Sollar=1

p — e m

g 2

— AN T3
e 00 -4

Aswan Locadion
s Flenbam Location
e F s Location

CSPs are ideal for the Egyptian climatological conditions in terms of high mean DNI values which are
from 160 to 300 in winter and reach 400 W/m2 in summer.

SOLARATLAS OF EGYPT



o

Solar energy from PV (kWh/m")

300
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240
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160
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EAST NILE
/ZONE

EAST NILE ZONE

JAN

FEB MAR APR MAY JUN

JUL AUG SEP OCT NOV DEC

Atlas time (15 years climatology)

Hed Sea Caast Zane
s Hurghada Locangan | {Al Ahyaa)
e Huirghada Locatbon 2 Kilo 10)
s Mrsa Alam
il Bt

Sharm Ei-Sheikh
S Governarabe (Laafrana)
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Location 2
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st Sodar3

o — e Ml

— g 1

— 2 T3

— 0 -
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The sums of the monthly mean solar energy potential values suggest that the proposed locations have
energy potential for PV exploitation starting from 2100 kWh/m2 at the Northern Coast locations
to more than 2450 at Aswan location. East Nile zone reaches annual energy potential of 2400 kWh/
m2, while the Red Sea Coast Zone, the Suez Governorate, the Kuraymat and the West and East Nike
locations have mean energy potential of more than 2300 kWh/m2.
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Solar power for CSP (W/m’)

EAST NILE ZONE

Red Sea Coast Lane

420 Hurghada Locartion | (A Alyag)
4 | g hada Lecation 2 (Kila 10y
ET e T Alam
o L e Cichie] El-Ziet
380 o s Bharm Ek-Sheikh
F L Suex Governorate (Zanfrana)
360 = m|_pcation |
] L Localon 2
340 4 s | szaticm A,
4 | o pcation
Northern Coast Locatisns
32{} o L w2, [-Hekma Locstiom
[l g housli Location
300 4 s - Mathtny: Locatios
280 b [ -l L icakiinn
= = R asl Locstion m El-H
I [ Keraymat Locatian {(Solar station)
260 4= e ALK uraymat
9 ' West and East Nile Location
240 - s it 0. 3
k [ Ll i 2
22{) iy L ogation |
E I East Nile Zone
200 - Eas Wind-1
o b s Wind-2
'[ Sﬂ . East Solar-1
F L East Solar-2
1640 < s 51 Skare
J | —ero mel
140 : . ' ! . l . ! . ] ! —F T T
JAMN  FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC _;gmm:j

Atlas time (15 years climatology)

Aswan Locaiion
m—— fherban Loscation
= Fares Location

CSPs benefit from the cloudless conditions but at the same time have to deal with the dust storms
which are favorable during spring and in particular in April. However, the range of the solar energy
potential is from 2250 kWh/m2 at the Northern Coast locations to almost 2900 kWh/m2 at the
Southern locations including the greater region of Aswan and the southeast Nile zone.
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SOLAR ENERGY
POTENTIAL

PV

RED SEA COAST ZONE
HURGHADA LOCATION 1 (AL AHYAA) 235 008
HURGHADA LOCATION 2 (KILO 10) 2338 5.84
MARSA ALAM __
GEBEL EL-ZIET 2395 1572.13

SHARM EL-SHEIKH
SUEZ GOVERNORATE (ZAAFRANA)

LOCATION 1 . 2326 18608

LOCATION 2 2216 168.39
LOCATION A
LOCATION C 2298 19.91

NORTHERN COAST LOCATIONS

RAS EL-HEKMA LOCATION 2100
BAGHOUSH LOCATION
EL-MATHANY LOCATION 2164

AL-GALALAH LOCATION
ROWESAAT LOCATION IN EL-HAMMAM CITY

KURAYMAT LOCATION (SOLAR STATION)
AL-KURAYMAT
WEST AND EAST NILE LOCATION

0.09

I SEE
0.09

Co20 013
0.04

]
6.37

]

LAND NO. 3 2360 1089.37

LAND NO. 2

LOCATION 1 2352 1262.74

EAST NILE ZONE

EAST WIND-1 2396 1792.83

EAST WIND-2

EAST SOLAR-1 2373 987.44

EAST SOLAR-2

EAST SOLAR-3 2358 856.25

ZERO M-1

ZERO M-2 2363 137.89

ZERO M-3

ZERO M-4 2352 227.35
ASWAN LOCATION

BENBAN LOCATION 2472 91.81
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SOLAR ENERGY

POTENTIAL CSP
ocanoy  WINEGHRE
RED SEA COAST ZONE :
HURGHADA LOCATION 1 (AL AHYAA) 2747 009
HURGHADA LOCATION 2 (KILO 10) 2670 6.68
MARSA ALAM . oz e
GEBEL EL-ZIET 2909 1909.37

SHARM EL-SHEIKH
SUEZ GOVERNORATE (ZAAFRANA)

LOCATION 1 . a7 2134

LOCATION 2 2607 198.10
LOCATION A
LOCATION C 2685 23.27

NORTHERN COAST LOCATIONS

RAS EL-HEKMA LOCATION 2250
BAGHOUSH LOCATION
EL-MATHANY LOCATION 2443

AL-GALALAH LOCATION
ROWESAAT LOCATION IN EL-HAMMAM CITY

KURAYMAT LOCATION (SOLAR STATION)
AL-KURAYMAT
WEST AND EAST NILE LOCATION

0.10
o4
0.10
29 015
0.05
]
7.35
]

LAND NO. 3 2824 1303.64

LAND NO. 2

LOCATION 1 2791 1498.33

EAST NILE ZONE

EAST WIND-1 2847 2130.77

EAST WIND-2

EAST SOLAR-1 2799 1164.67

EAST SOLAR-2

EAST SOLAR-3 2811 1020.65

ZERO M-1

ZERO M-2 2782 162.33

ZERO M-3

ZERO M-4 2791 269.76
ASWAN LOCATION

BENBAN LOCATION 2885 107.16
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ANALYTICAL
CLIMATOLOGY
OF THE

DIRECT NORMAL
IRRADIANCE

The last two Sections VI and VII present
the analytical monthly climatology of
DNI and GHI for the period Jan. 1999 to
Dec. 2013. It is based on the
EUMETSAT radiation database, while
this 15 years of data provide the capability
and knowledge needed in order to
better understand the atmospheric and
climatological processes from year to year
and from month to month that determine
and specify the surface solar power.
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MEAN SURFACE DIRECT NORMAL IRADIANCE
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1 9 9 9 ‘ MEAN SURFACE DIRECT NORMAL IRADIANCE
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MEAN SURFACE DIRECT NORMAL IRADIANCE
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2 O O O ‘ MEAN SURFACE DIRECT NORMAL IRADIANCE

JULY
2000

AUG
2000

SEP
2000

3

150 E

20E  25E 300E 325E

350

g

250

DNI [Wini']

200

150

100

30

B50E  21SE  300E 325E  350E

(BN SOLARATLAS OF EGYPT



300 N

275 N -

250 N

=] ) Iy 3 o
250 E 2715 E 00 E 325 E 350 E

— Sl

300 N

175 N .

250 N

25 N[

= e . ] o
250 E 175 E 0.0 E 325 E 350 E

30.0 N

250 F 2?_5{‘}-'_ 3.u_ua E 125 E 350 E

b

1200

450

400

[ 350

450

OCT

T
Z

NOV
E

DEC
=

SOLARATLAS OF EGYPT



MEAN SURFACE DIRECT NORMAL IRADIANCE
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MEAN SURFACE DIRECT NORMAL IRADIANCE
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2 O O 1 ‘ MEAN SURFACE DIRECT NORMAL IRADIANCE
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MEAN SURFACE DIRECT NORMAL IRADIANCE
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2 O O 2 ‘ MEAN SURFACE DIRECT NORMAL IRADIANCE
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MEAN SURFACE DIRECT NORMAL IRADIANCE
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The GEO-CRALDE’ regional
coordinator for North Africa
and Middle East Hesham El-
Askary with her Excellency
Mrs. Nabila Makram, Minister
of Immigration and Egyptian
Expatriates’ Affairs as well as
His Excellency Dr. Mohamed
Shaker El-Markabi, Minister
of Electricity and Renewable
Energy while presenting the
Solar Atlas concept

THE SOLAR ATLAS
PHOTOGALLERY

THE GEO-CRADLE TEAM
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THE GEO-CRADLE REGIONAL WORKSHOP

The authors of this Solar Radiation Atlas (in a workshop of the
GEO-CRADLE project in Cyprus). From left to right: Panagiotis
Kosmopoulos from the National Observatory of Athens (NOA,
Greece), Hesham El-Askary from the Centre for Environment
and Development for the Arab Region and Europe (CEDARE,
Egypt) and Stelios Kazadzis from the World Radiation Center
(PMOD/WRC, Switzerland).
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