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Abstract 
 

The Renewable energy potential in Jordan is enormous as it lies within the top of the world countries renewable resources. Electricity 

demand in Jordan plays a major role in the high amount of energy requring to cover the needs of heating, cooling, lighting, etc. For that, 

the availability of the wind distribution information becomes essential to help in the design and building of the wind energy application. In 

this study, a wind distribution map is provided of all Jordan governorates: Irbid, Mafraq, Ajloun, Jarash, Amman, Zarqa, Madaba, Balqa, 

Karak, Tafilah, Mann and Aqaba. 
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1. Introduction 

Recently, energy has a major role in the establishment of wealth 

and a key issue factor in economic stabilization [1-15]. The energy 

demand of the world is sharply increasing with the increasing of 

world population, urbanization and modernization and is expected 

to keep rising over the coming years [16-20]. Energy consumption 

of developed countries grows at a rate of approximately 1. 5% per 

year, and at a rate of 5% per year in developing countries [21-23]. 

The future demand for electricity needs shows that the world’s elec-

tricity consumption is expected almost to double [24-30]. 

Currently, Wind energy is popularly used in many countries such 

as the USA, Germany, Spain, China, India, UK, Denmark and Can-

ada. The cumulative global wind energy generating capacity topped 

147 GW in 2008, with an increase of about 80% of new capacity 

that were installed worldwide during the past decade, according to 

preliminary estimates by the American Wind Energy Association 

(AWEA) and the European Wind Energy Association (EWEA). 

Global wind power generating capacity has been duplicated around 

five times from 31.128 GW in 2002 to reach over than 147 GW at 

the end of 2008 [31-35].  

Jordan, on the other hand, is a country of sun and wind. However, 

until recently, energy sources used were exclusively oil and gas fos-

sil energies. It has been so, until the political changes in the Middle 

East in 2003, where Jordan lived in some sort of energetic comfort; 

Iraq used to provide Jordan with oil at preferential prices over the 

80–90s of last century, while the 60–70s era witnessed support from 

the gulf in oil support. The interest in wind energy applications in 

Jordan began in 1979 at Royal Scientific Society (RSS). After the 

2003 political changes, oil prices exploded on international markets 

and Jordan found itself in a difficult situation. To remedy the prob-

lem and make the country less vulnerable, the Jordanian govern-

ment sat up a series of initiatives, and the establishment of a center 

for research on renewable energies “National Energy Research 

Center, NERC” is one of the steps undertaken. In addition, the royal 

scientific society had a department engaged in renewable energies 

since 1972. Today, Jordan planned to install more than 20% of the 

required energy from the renewable sources especially the solar and 

wind applications. Tafilah wind project in Jordan provide the na-

tional grid with 132MW of the electricity and some small applica-

tion all over Jordan provide 25MW electricity from the wend [9], 

[36-40].  

In this study, wind energy distribution has been investigated on all 

Jordan governorates by using meteorological data provided from 

the measurement station. The wind characteristics were also studied 

according to the wind speed, years, and hours of the day. According 

to the evaluation, wind speed distribution is obtained and the most 

suitable sites for wind farms are determined.  

2. Wind speed distribution data 

The wind distribution data at Jordan governorates used in this study 

were obtained from measurements that were made once every seven 

hours daily for the period of twelve years, (2004–2016) [9]. Twelve 

governorates were selected in this study; Irbid, Mafraq, Ajloun, Je-

rash, Balqa, Madaba, Amman, Zarqa, Karak, Tafilah, Maan and 

Aqaba. The geographical locations of these stations are shown in 

figure. 1. All measurements at all the wind observation stations are 

recorded using a cup anemometer at a height of 10 m above the 

ground level. The geographical coordinates of the meteorological 

stations examined are presented in table 1. 

The mean monthly and annual averages of wind speed at a height 

of 10 m are listed in table. 2. The maximum value of monthly mean 

wind speed of 8 m/s is measured at Aqaba governorate in June and 

a minimum value of 1.8 m/s is measured at Balqa governorate in 

October. Figure.2 shows the wind speed of all Jordan governorates 

all over the year. 
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Table 1: Geographical Coordinates of Stations for All Jordan Governorates [9] 

Region Latitude (DEG, N) Longitude (DEG, E) Average Elevation (m) 

Irbid 33°  36°  620 

Ajloun 32°  36°  820 

Jarash 

Mafraq 
Amman 

32°  

31°  
29°  

36°  

36°  
35°  

763 

700 
50 

Zarqa 32° 36° 619 

Balqa 32° 35° 820 
Madaba 31° 35° 763 

Tafilah 30° 35° 940 

Karak 31° 35° 930 
Maan 30° 35° 1100 

Aqaba 30° 35° 6 

 

 
Fig. 1: Jordan Governorates Map. 

 
Table 2: Mean Monthly and Annual Wind Speed (M/S) at Height of 10 M for Jordan Governorates [9] 

Month Irbid Ajloun Jarash Mafraq Amman Zarqa Karak Balqa Madaba Tafilah Maan Aqaba 

January 2.8 2.78 3 3.5 3.3 3.1 3 3.2 3 2.8 5.6 6 

February 2.9 2.32 3 3.6 3.3 3.2 3.3 3.2 3.5 2.9 5.6 6 

March 2.8 2.33 3.5 3.5 3.3 3.3 3.5 3.2 3.4 3.06 5.9 7 
April 2.7 2.66 3.6 3.1 3.2 3.3 3.1 3.2 3 3 6 7 

May 3.09 2.51 3.5 3.4 3.3 3.1 3 3.5 3.1 3.09 6.2 7 

June 3.32 2 4 4 3.4 3.9 3.8 4.2 3.5 3.78 7.1 8 
July 4.1 1.81 4.2 4.2 4.3 3.8 4.2 4.3 3.7 4.48 7.3 7 

August 3.89 1.57 3.6 3.3 3.5 3.4 3.6 3 3 3.89 6 7 
September 2.6 2.17 3.4 3.4 2.1 3.2 3 2.7 2.3 3.33 5.8 6.5 

October 2.4 1.66 3.3 3.3 2.2 3 3.2 1.8 2 3 5.6 7 

November 2 3.29 3.2 3 2.1 3 3 1.9 2.8 2.55 5.6 6 
December 2 2.96 3.2 3 2.4 3 3 2 2.65 2.57 5.4 6 

Mean Speed 2.88 2.34 3.46 3.44 3.03 3.28 3.31 3.02 3.00 3.20 6.01 6.71 

 

 
Fig. 2: Mean Monthly Wind Speed Variation for Jordan Governorates. 
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3. Wind power calculation 

The principle of wind power generation can be stated as follows, 

‘for all wind turbines, wind power is proportional to wind speed 

cubed.’ Since wind energy is the kinetic energy of moving air the 

kinetic energy of a mass m with velocity v is given by [38]. 

 

𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐 = 1 2 ⁄ 𝑚𝑣2                                                                        (1) 

 

The air mass m, can be determined from the air density 𝜌, and the 

air volume V according to 

 

𝑚 = 𝜌𝑉                                                                                          (2) 

 

Then, 

 

𝐸𝑘𝑖𝑛𝑒𝑡𝑖(𝑤𝑖𝑛𝑑) = 1 2 ⁄ 𝑉𝜌𝑣2                                                                (3) 

 

Since power is energy divided by time, we consider a small time, 

∆𝑡, in which the air particles travel a distance 𝑠 = 𝑣∆𝑡 to flow 

through. We multiply the distance with the rotor area of the wind 

turbine, 𝐴, resulting in a volume of  

 

∆𝑉 = 𝐴𝑣∆𝑡                                                                                    (4) 

 

Which drives the wind turbines for the small period of time. Hence, 

the wind power is given as 

 

𝑃𝑤𝑖𝑛𝑑 = 𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐 (𝑤𝑖𝑛𝑑) /∆𝑡  
 

= ∆𝑉𝜌𝑣2 /2∆𝑡  
 

= 𝜌𝐴𝑣3 /2                                                                                      (5) 

 

The variations in wind speed, makes the use of wind speed and air 

density alone, unreliable for analysis of wind power potential. The 

Energy Pattern factor method, analyzes these variations and esti-

mates a unique wind power density for each location. 

The available mean power density at any location defined as: 

 

𝑃𝑎 ̅ = 1 2 𝜌𝑣 ̅ 3𝐾𝑒                                                                          (6) 

Where 𝑣 ̅ is the mean wind speed and 𝐾𝑒 is the energy pattern factor 

4. Wind speed distributions 

It is very important for the wind industry to be able to describe the 

variation of wind speeds. Turbine designers need the information to 

optimize the design of their turbines, so as to minimize generating 

costs. Turbine investors need the information to estimate their in-

come from electricity generation. Figure. 2 shows a wind speed dis-

tribution in Jordan and the mean power density at different heights 

of 50, 100 and 200 m (A, B and C). Based on that it is noted that 

Jordan come in range from 5.5 to 6.5 m/s in term of wind speed 

distribution at 50 m height and in range of 6.5 to 7.0 m/s at height 

of 100m. Finally, in arrange between 7.0 and 8.0 m/s at a height of 

200m. The mean power density at heights of 50, 100 and 200 m (D, 

E and f) with a range from 150 to 200 W/m2 at 50 m height, from 

250 to 350 W/m2 at height of 100 m and between 350 and 600 W/m2 

at height of 200 m. 

Analysis of the wind mean power density in Jordan governorates is 

playing a vital role in the selection of the best governorate to have 

the maximum benefit from the available resources. Thus, reduction 

in the investment cost. Figure.4 shows Mean power density of Jor-

dan governorates at 50, 100 and 200 m heights. The mean power 

density is increased with increasing of the elevation from 50 to 200 

m as it is noted in the figure.4A-L. Aqaba governorate shows a max-

imum mean power density for the three different heights. 

 

 
Fig. 3: Wind Speed Distribution and Mean Power Density at 50, 100 and 200m of Jordan. 
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Fig. 4: Mean Power Density At Heights of 50, 100 and 200 M for Each of the Jordan Governorates: Irbid (A), Ajloun (B), Jarash (C), Mafraq (D), Amman 

(E), Zarqa (F), Karak (G), Balqa(H), Madaba (I), Tafilah (J), Maan (K) and Aqaba (L). 

 

 
Fig. 5: Mean Power Density of Jordan Governorate at 50, 100 and 200 M Heights. 

 

 
Fig. 6: Jordan Governorates Wide Roses: Irbid (A), Ajloun (B), Jarash (C), Mafraq (D), Amman (E), Zarqa (F), Karak (G), Balqa (H), Madaba (I), Tafilah 

(J), Maan (K) and Aqaba (L). 

 

Figure. 5 shows the mean power density at different heights 50, 100 

and 200m with a using of 10% from the windiest area. It is noted 

that a possible mean power density achievement of 600W/m2 in the 

average by using Aqaba governorate as a wind site for a wind en-

ergy investment. Irbid has the lowest wind mean power density with 

an average of 200W/m2. The mean power density is increased to-

ward the south governorates of Jordan until the maximum in Aqaba 

governorate the farthest south of Jordan. In the middle governorates 

of Jordan, the mean power density is within an average of 350 

W/m2.  

The wind rose shows how many hours per year the wind blows from 

the indicated direction. Example SW: Wind is blowing from South-

West (SW) to North-East (NE). Figure. 6 shows the wind roses of 
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Jordan governorates. It is noted that the majority of the wind in Aq-

aba and Maan governorates which are the highest in the production 

of the mean power density in the NW direction. Ajloun, Jarash, 

Mafraq, Amman, Zarqa, Karak, Balqa, Madaba and Tafilah wind 

distribution direction is toward W. Irbid governorate wind distribu-

tion in the direction of WSW. 

5. Conclusion 

Assessments of the wind distribution and wind mean power density 

in Jordan governorates using mathematical and world wind atlas 

were made. 

The following conclusions can be drawn from the results of this 

study: 

• The maximum value of monthly wind speed is determined at 

Aqaba governorate and the minimum value is at Al-Salt gov-

ernorate. 

• The maximum mean power density at the three selected 

heights was in Aqaba governorate. 

• The mean power density is increased toward the south gov-

ernorates. 

• Depending on the wind distribution mapping, it is noted that 

a wind energy investment will play a major role in the cover-

ing of the electricity demand of Jordan.  
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