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Abstract 
 

Solar energy considers as the best alternative energy source in Jordan as the solar radiation average is high in Jordan which is between 4 

and 8 kWh/m2. The average solar radiation is connected with an energy potential of 1400 to 2300 GWh per year. Electricity is the main 

source of energy used in Jordan as all daily applications rely on it such as heating, cooling, lighting, etc. For that studying solar radiation 

carefully is an essential issue to ensure the availability of the power when it needed. In this study, a solar radiation distribution is provid-

ed of three main zones in Jordan north, middle and south. 
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1. Introduction 

Jordan has more than 300 days as sunny days over the year that 

makes the solar energy is a suitable candidate to cove a big portion 

of the energy needs in Jordan and to reduce the needs for import-

ing traditional fuel for electricity generation [1-23]. As the prices 

of conventional fuel increased sharply the cost of installing the 

solar energy application in dramatically decreased. Thus, investi-

gation in solar energy become worth. Comparing to other coun-

tries over the world Jordan consider one of the highest in the solar 

radiation as the range of the radiation in Jordan comes in between 

4 and 8 Kwh/m2[24-27].  

In order to get the maximum benefit of the solar energy applica-

tion a measurement of solar radiation is essential for that a several 

measurement devices are implemented for this issue, parallel to 

that a well study of the weather and geographical information for 

the different sites planned to have PV application is important [28-

30].  

For the purpose of studying the solar radiation at several position 

i.e. horizontal, vertical and with a tilt angle several models are 

implemented. As the sun is the main operator of the other energy 

sources, the solar intensity is very important as it is an explanation 

of the energy transfer to the planet. Thus, studying and quantify 

the magnitude and the distribution of the solar radiation is an es-

sential issue for the solar energy applications. Unfortunately, there 

is a lake in the investigation and collection of the solar radiation 

data. Solar radiation data is very important tool to make a decision 

were the investment in solar application is possible in a selected 

region or not. For that archiving the data of solar radiation is a 

strategical goal for all countries over the world [7], [27], [31].  

2. Geographical and meteorological data 

The divided zones of Jordan lie within a 32º north as latitude and 

36º East as longitude. With about 300 sunny days Jordan consider 

a country of sun and that makes the investment of the solar energy 

is very worth. Figure.1 shows the zone panted on the map of Jor-

dan.  

 

 
Fig. 1: The Divided Zones of Jordan. 

3. Solar radiation theory  

The sun considers the main operator of the rest of the renewable 

energy as it is the biggest source of the energy ever. In this work a 

solar map of three main zones of Jordan is provided in order to 

make the decision of the solar investment is easier for the decision 

makers. For that a mathematical model is studied based on the 

following equations [32-35]. 

Declination is calculated by using: 

 

 
 

The sunset hour angle ωs can be calculated by using: 
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The daily extraterrestrial radiation on a horizontal surface, , can 

be calculated by using: 

 

 
 

Where Gsc=1367 W/m2 

The monthly average clearness index, KT, can be calculated by 

using: 

 

  
 

Where H=9864000 J/m2. 

Monthly average daily diffuse radiation Hd can be calculated by 

using: 

Since ωs≤81.4˚ and 0.3≤KT≤0.8 

 

  
 

Geographical position, time (day of year as well as time of day) 

and plane orientation are the main parameters that the incidence 

angle depends on. Where Tilt angle is β and an azimuth angle is γ 

of the plane. Taking a note that the time will be in the standard 

time. For that, the solar time needed to be calculated and secondly 

the hour angle ω as well the declination δ. All of this calculations 

lead to calculate the incidence angle θ based on the following 

function: 

 

 
 

In order to simplified the function, we assume a horizontal surface, 

then the incidence angle will be independent of the plane azimuth 

angle 

 

 
 

Secondly, for a vertical surfaces facing towards south in the north-

ern hemisphere the equation transforms into: 

4. Result and discussion 

Solar radiation is expressed by a unit of Wh/m2 and can be calcu-

lated based on the daily solar radiation average. Figure. 3 present 

the horizontal radiation for the zones of Jordan in Wh/m2. Noted 

that, the south and the north zones is the highest in the horizontal 

radiation with a yearly average of 284470 and 336600 Wh/m2 

respectively. The middle zone has the lowest portion of the hori-

zontal radiation with a value of 203530 Wh/m2. For the three 

zones, north, middle and south the maximum horizontal radiation 

was achieved during June with a values of 41860, 25100 and 

33390 Wh/m2. While the lowest horizontal radiation was in De-

cember with a values of 14310, 8640 and 13090 Wh/m2. 

 

 

Fig. 3: Horizontal Plane Solar Irradiation in Kwh/M2/Day. 

 

For increasing the gain from the solar radiation the solar applica-

tion is designed to be faced the sun as maximum as possible. For 

that the tilt angle is carefully calculated for the zones in order to 

get the maximum benefit. Figure. 4 shows the irradiation based on 

optimally inclined plane in Wh/m2/day of Jordan zones. It is noted 

that, the maximum production will be in the north and south zones 

and the lowest will be in the middle zone. Comparing to the pro-

duction based on the horizontal radiation it appears that the pro-

duction with the optimally inclined plane is more than the produc-

tion with the horizontal radiation. 

 

 
Fig. 4: Solar Irradiation on the Optimally Inclined Plane of Jordan Gover-

norates in Kwh/M2/Day. 

 

The amount of the solar radiation received on a unit area reflect 

the direct normal irradiance which is perpendicular to the rays 

come in a straight line from the direction of the sun with its posi-

tion in the sky. To increase the benefit from the solar radiation we 

need to keep the surface of the application normal to the incoming 

radiation. For that, tracking system is the best solution to make the 

solar application follow the sun rays. Figure. 5 shows the normal 

direct radiation in Wh/m2/day for all zones of Jordan. It can be 

noted that the north and the south zones have the maximum solar 

radiation as normal direct radiation with a values of 366060 and 

308570 Wh/m2. While the lowest amount of the normal direct 

radiation was in the middle zone with a value of 218430 Wh/m2. 

The maximum normal direct radiation was during June and the 

minimum was during January for the three zones of Jordan. 

 

 
Fig. 5: Solar Normal Direct Radiation of Divided Zones of Jordan in 

Kwh/M2/Day. 

 

The tracking system is considering the best way in order to in-

crease the performance of the solar applications as the tracking 

system allow the solar application to receive more solar radiation 

by make the application follow the sun and faced to it. For that 

calculating the tilt angle that the tracking system depend on is the 

key point. Figure. 5 shows the calculated angle of inclination in 

degree which need to implement for the solar applications in Jor-

dan zones. It is clear that the best monthly inclination angle during 

January in all Jordan zones is around 55˚ and it is started to de-

crease until reach 0.0˚ in June where the maximum solar radiation 

can be achieved. Then it is started to increase to the same value of 

55˚ with decreasing in the solar radiation.  
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Fig. 6: Optimum Monthly Inclination Angle of Solar Application. 

5. Conclusion 

This paper presents a solar radiation distribution based on solar 

irradiation assessment and calculation for Jordan zones. Validation 

of these models was achieved through a mathematical calculation. 

Correspondingly, from the result we could summarized several 

conclusions: 

• The north and south zones have the highest irradiation on 

the horizontal plane among all Jordan zones with a value of 

336600 and 284470 Wh/m2/day. While, the middle zone has 

the lowest irradiation on the horizontal plane with a value of 

203530 Wh/m2/day.  

• The north zone has the highest irradiation on the optimum 

inclined plane among all other Jordan zones with a value of 

371350 Wh/m2/day. While, the middle zone has the lowest 

irradiation on the horizontal plane with a value of 224030 

Wh/m2/day.  

• The maximum Energy production expected from the solar 

applications comes in June with an optimum tilt angle of 0˚ 

approximately.  

The results emphasize that the study presented might be utilized 

for the calculation of solar irradiation specific to the three zones to 

select the best applications for using in energy production purpose.  
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