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Abstract

The solar energy potential in Jordan is enormous as it lies within the solar belt of the world with average solar radiation between 4 and 8
KWh/m2, which implies a potential of 1400-2300 GWh per year annually. Electricity demand in Jordan plays a significant role in the high
amount of energy consumption to cover the needs of heating, cooling, lighting, etc. For that, the availability of the solar radiation infor-
mation becomes essential to help in the design and building of the solar energy application. In this study, a solar radiation map is provided

of all Jordan governorates.
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1. Introduction

Jordan consumption of primary energy is mainly composed of
crude oil and imported electricity. But Jordan is blessed with an
abundance of solar energy which is evident from the annual daily
average solar irradiance (average insolation intensity on a horizon-
tal surface) ranges between 4-8 kWh/m2, which is one of the highest
in the world. This corresponds to a total annual of 1400-
2300kWh/mz?; with the average sunshine duration is more than 300
days per year [1-7]. Nowadays, renewable energy systems are being
utilized extensively to generate electricity due to its positive fea-
tures [8-13].

Through various equipment have been invited to measure the inci-
dent solar radiation at a given location, due to high cost of mainte-
nance and the resulting inaccuracies and error has required the de-
velopment of predictive correlation to estimate solar radiation using
whether parameter. For this, the astronomical distance between the
sun and the earth as well as the angles and heights at which solar
rays incident on earth are vital [14].

Various models have been developed to estimate global solar radi-
ation on the horizontal surfaces using sunshine hour data [15-26].
The sun is the driving force for all atmospheric processes. Solar ra-
diant intensity is the expression of that input of energy upon the
planet. Therefore, the ability to understand and quantify its value
and distribution accurately is important in the initial understanding
and modeling of any other thermodynamic or dynamic process in
the earth-ocean-atmosphere system. Unfortunately, however, too
little is known about the spatial and temporal distribution of incom-
ing solar radiation. A more complete and precise description of that
distribution will prove usefulness to many fields of study that rely
on atmospheric energy input, such as agricultural, architectural, and
engineering planning [14], [19], [27-30]. For these reasons, analysis
of the solar radiation distribution in India— a state with a relatively
high loading of input radiation and relatively high spatial and tem-
poral variability—is both important and relevant.

Most studies on solar radiation were conducted in Amman city. A
correlation for predicting the average global solar radiation incident
on a horizontal surface in Amman was developed. In another study,
solar radiation data were measured and assessed for Amman [31-

33]. In this study, the map of the solar radiation of Jordan gover-
norates presented in order to simplified the selection of the solar
applications.

2. Geographical and meteorological data

Jordan lies within a latitude of 32° North and longitude of 36° East.
Jordan has more than 300 sunny days a year, providing a sunshine
duration of about 3125 hours/year. Figure 1 represents the number
of sunshine days of Jordan for each month.
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Fig.1: The Jordan Governorates: Irbid, Ajloun, Jerash, Mafraq, Balga, Am-
man, Zarga, Madaba, Karak, Tafilah, Maan and Agaba, and the Number Of
Sunshine Days Per Month For Each of Jordan Governorates [1].

According to the solar atlas of Jordan figure. 2, the country is di-
vided into five regions. The Southern region representing Ma’an
and Agaba area, which has the highest solar isolation in the country
and has the lowest values of diffuse irradiance. The annual average
daily global irradiance is between 6-7 kWh/m2. The Eastern region
representing the semi desert and the (badia) remote area with an
annual daily between 5.5-6 kWh/m2. The middle region with an av-
erage global irradiance at 4.5-5 kWh/mz, but with the highest annual
daily average of diffused irradiance. The Northern region with the
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annual daily average global irradiance of about 5.5 kWh/m2. The
Western region representing the Jordan Valley area, situated below
sea level and with an average annual daily global irradiance below
4.5 KWh/mz.
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Fig. 2: Global Solar Radiation Map of Jordan in Wh/M2/Day.

3. Solar radiation theory

The sun is the largest energy source of life while at the same time it
is the ultimate source of most of renewable energy sources. In this
work, a map of solar radiation of Jordan governorates will be de-
signed. The calculation is based on the average day of each month
using the following formulas [17], [34-36].

The declination is calculated by using:

284 + ‘n)
365

§ = 23.45sin (Zﬂ'
The sunset hour angle @s can be calculated by using:
ws = cos™(~tanftand)

The daily extraterrestrial radiation on a horizontal surface, Ho, can
be calculated by using:

 XIOG o os U costeostiin - singsin
0= = (140.033cos 365) (cosDeosdsing 1Emsm sin

Where

Gsc= 1367 W/m?

The monthly average clearness index, KT, can be calculated by us-
ing:

Kr =H/H,
Where
H=9864000 J/mZ.

The monthly average daily diffuse radiation Hd can be calculated
by using:

Since ms<81.4° and 0.3<KT<0.8
H, = 1391 - 3560, + 4.189 K} - 2137K?
The incidence angle depends on the following parameters: geo-

graphical position, time (day of year as well as time of day) and
plane orientation.

Tilt angle p and an azimuth angle y of the plane will be defined the
following way: Take a horizontal surface and incline it to the south
(in positive direction) or to the north (in negative direction) by 8
and rotate it then to the west (in positive direction) or to the east (in
negative direction) by taking into consideration that the time will
be given in standard time, we will have to determine at first the cor-
responding solar time. In a second step we can calculate the hour
angle o and declination 6. With these angles and with the plane tilt
angle B and the plane azimuth angle y we can determine the inci-
dence angle 0 according to the following formula

058 = sinG sind cosf - sindcosd sinf cosy + cosb cos cosf cosu + cosd sin sinf cosy coser+ cos6 sinf siny sinw

In some special cases this formula adopts a simpler form. First, if
we consider horizontal surfaces, then the incidence angle will be
independent of the plane azimuth angle.

cosf = sind sin@ + cos dsingcosw

Second, for vertical surfaces facing towards south in the northern
hemisphere the equation transforms into:

cos8 = —sind sin@ + cos dsingcosw

4. Result and discussion

Solar irradiation is the sun’s radiant energy incident on a surface
per unit area, expressed in a unit of Wh/m2 and calculated based on
an average daily basis for a given month. Figure. 3 shows the irra-
diation on the horizontal plane in Wh/m2/day for all Jordan gover-
norates. It is noted that Agaba has the highest irradiation on the hor-
izontal plane among all other Jordan governorates. While the lowest
irradiation on the horizontal plane was in Ajloun. The highest irra-
diation on the horizontal plane comes during June for all Jordan
governorates with an average irradiation of 8300 Wh/m2/day ap-
proximately. While the lowest irradiation comes during December
with an average irradiation of 2800 Wh/m2/day approximately.
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Fig. 3: Solar Irradiation on the Horizontal Plane of Jordan Governorates in
Kwh/M?/Day.

Solar radiation estimation has been carried out from the beginning
of operation of solar converters in order to guide scientific and com-
mercial applications. In this sense, the main interest is in estimating
the solar irradiation collected on tilted surfaces, for which the usual
numerical estimation is based on global and diffuse radiation on a
horizontal plane. Figure. 4 shows the irradiation on optimally in-
clined plane in Wh/m?/day of Jordan governorates. It can be ob-
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served that Agaba has the highest irradiation on the optimum in-
clined plane comparing to all Jordan governorates. Reversibly, the
lowest irradiation on the optimam inclined plane was in Ajloun. As
well as the irradiation on the horizontal plane, the maximum irradi-
ation on the optimally inclined plane comes during June for all Jor-
dan governorates with an average irradiation of 7500 Wh/m?/day
approximately. While the lowest irradiation comes during Decem-
ber with an average irradiation of 4300 Wh/m?/day approximately.
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Fig. 4: Solar Irradiation on the Optimally Inclined Plane of Jordan Gover-
norates in Kwh/M?/Day.

Direct Normal Irradiance is the amount of solar radiation received
per unit area by a surface that is always held perpendicular to the
rays that come in a straight line from the direction of the sun at its
current position in the sky. Typically, we can maximize the amount
of irradiance annually received by a surface by keeping it normal to
incoming radiation. This quantity is of particular interest to concen-
trating solar thermal installations and installations that track the po-
sition of the sun. Figure. 5 illustrates the direct normal radiation in
Wh/m2/day of Jordan governorates. It can be noted that Agaba and
Maan have the maximum direct normal radiation comparing to all
Jordan governorates with an average of 7300 Wh/m2/day. Opposite
to that, the lowest direct normal radiation was in Ajloun. The max-
imum direct normal radiation comes during June for all Jordan gov-
ernorates with an average irradiation of 8500 Wh/m2/day approxi-
mately. While the lowest direct normal radiation comes during De-
cember with an average irradiation of 4200 Wh/m2/day approxi-
mately.
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Fig. 5: Solar Direct Normal Radiation of Jordan Governorates in
Kwh/M?/Day.

One of the methods for increasing the thermal efficiency of any type
of collector is to use the optimum tilt angle. This is due to the fact
that the orientation and tilt angle of a solar collector are the two
most important factors usually considered in solar energy system
design. Figure. 6 shows the monthly optimum inclination angle in

the degree to be used for the solar applications in Jordan gover-
norates. It is noted that the monthly optimum inclination angle of
January in all Jordan governorates is around 55° and it is started to
decrease until reach 0.0° in June where the maximum solar radiation
can be achieved. After that it is started to increase to the same value
of 55° with decreasing in the solar radiation.
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Fig. 6: Monthly Optimum Inclination Angle of Solar Application.

5. Conclusion

This paper presents a solar radiation map based on solar irradiation
assessment and calculation for Jordan governorates. Validation of
these models was performed by mathematical calculation. Corre-
spondingly, from the result we could highlight several conclusions:

e Agaba has the highest irradiation on the horizontal plane
among all other Jordan governorates with a value of 6160
Wh/m?/day. While, Ajloun has the lowest irradiation on the
horizontal plane with a value of 5420 Wh/m?/day.

e Agaba has the highest irradiation on the optimum inclined
plane among all other Jordan governorates with a value of
6790 Wh/m?/day. While, Ajloun has the lowest irradiation on
the horizontal plane with a value of 5940 Wh/m?/day.

e Agabaand maan have the highest irradiation on the optimum
inclined plane among all other Jordan governorates with a
value of 6670-6780 Wh/m?/day. While, Ajloun has the low-
est irradiation on the horizontal plane with a value of 5620
Wh/m?/day.

e The maximum production expected from the solar applica-
tion comes in June with an optimum tilt angle of 0° approxi-
mately.

The results emphasize that the study presented might be utilized for
the calculation of solar irradiation specific to the location chosen to
select the optimum application for using to gain energy.
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