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ABSTRACT 
	
  

Jordan is a developing country with an increasing electric demand and very limited fuel 

resources. As a result, the majority of Jordan’s electric generation is fueled by imported fossil 

fuels, which greatly stresses the country’s economy. While Jordan is incredibly resource poor 

when it comes to fossil fuels, it does have a vast untapped solar energy potential. Jordan’s 

promising renewable energy potential, the negative environmental impact of fossil fuels 

currently driving Jordan’s electric generation process, as well as the unstable nature of fossil fuel 

prices are the motivators behind this research. This research project will investigate renewable 

energy technology potentials in Jordan, with focus on solar and wind energy, as they are the most 

abundant.  

During the course of this research project, wind and solar availability data are collected 

for various regions in Jordan. The regions with the highest wind and solar availability are 

selected as possible generation zones to be considered for modeling. Similarly, data about 

Jordan’s current load demand and installed electric grid generation capacity is researched. The 

obtained data – both load demand data, and wind and solar availability data- are modeled using 

HOMER [1] computer software in order to investigate the multiple ways the selected renewable 

energy technologies can be incorporated into the existing electric grid. The details of the 

installed Jordanian electric grid are discussed in terms of generation capacity, fuel sources and 

transmission lines. The most feasible models will be further investigated in terms of reliability 

and economic feasibility. Lastly, the social and economic impacts of incorporating renewable 

technologies into the grid will be investigated in terms of predicted economic growth; jobs 

created by the addition of the technologies, and increased electrification in rural areas, among 

others. 
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I. INTRODUCTION 

1.1 Motivation  

Jordan is a rapidly developing country located in the heart of the Middle East. Unlike 

many of its neighboring countries, Jordan is lacking in natural resources, specifically fossil fuels 

that are traditionally used for electricity generation. Due to increasing urban development and 

electric demand, Jordan faces many challenges with regards to meeting its electric demand and 

allocating the financial resources necessary to do so. This project is motivated by the need to 

develop alternative electric power resources to support Jordan’s development, focusing on solar 

and wind power alternatives.  

 

1.2 Background 

Jordan’s current energy generation process is highly dependent on fossil fuels. As of 

2014, Jordan’s oil reserves were estimated at around 1 million barrels, while its natural gas 

reserves where estimated at around 200 thousand billion cubic feet [2]. The relatively low fossil 

fuel resources force the country to import most of the fuel needed for electric generation; 88% of 

Jordan’s electricity generation is supported by imported fossil fuels, while local fossil fuel 

production only supports 2% of the country’s demand. The import of fossil fuels proves a 

strenuous economic toll on Jordan, as it accounts for nearly 40% of the country’s budget [2]. 

Furthermore, due to the constantly changing political situation in the Middle East, Jordan’s 

energy security is repeatedly threatened as it imports significant amounts of oil from Iraq and 

natural gas from Egypt through the Arab Gas Pipeline (AGP) running through Sinai and Syria. In 

recent years, the political instability of Syria and Sinai has led to a dramatic decrease in Jordan’s 

natural gas import from 89 billion cubic feet to 17 billion cubic feet and effectively causing 
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Jordan to increase its oil demand.  The shift in fuel resources for energy production in 2011 as a 

result of the political instability in Syria has cost the kingdom around 5 billion USD in losses as 

the power plants were adjusted to burn heavy fuels [3]. The shift in Jordan’s fuel consumption is 

highlighted by figure 1 below.  Jordan’s dependence on imported fossil fuels for electric demand 

poses a great risk to the country’s energy security, especially considering the political nature of 

its bordering countries.  

 

 

Figure 1: changes in Jordan’s oil consumption (left) verses its natural gas consumption (right) from 1980 
to 2012 [2].  
 
 

The energy situation in Jordan is further exacerbated by the fact that electric demand is 

rapidly increasing. It is expected that the Kingdom’s electric demand will increase from 2GW to 

4GW by 2020, and then to 6GW by 2030 due to the increase in urban development in the 

Kingdom [3]. This means that without the diversification of the energy resources used in the 

Kingdom’s electric generation process, the Kingdom will face an energy crisis in the near future. 

As a result, the Jordanian government plans to increase energy production from alternative 

energy resources from the current 18 MW to 1.8 GW by the year 2020 as shown in figure 2 
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below [2]. In addition, the Jordanian government plans to diversify the nation’s energy reserves 

by constructing two 1GW nuclear power plants between 2015 and 2020.  

 

 

Figure 2: predicted increase of Jordanian electric load demand. [3] 

 

The proposed nuclear power plants would be installed in Al Aqaba region in the South of 

Jordan, the Kingdom’s only port city (figure 3) [4]. The power plants would rely on seawater 

from the Red Sea for cooling. Considering the fact that Al Aqaba is the Kingdom’s only port 

city, and a large tourist attraction, installing nuclear power plants in the region is not only 

unsustainable for the aquatic life, but could also greatly affect the Kingdom’s trade and tourism. 

While other sites were under investigation for the placement of the plants, they were deemed 

unreliable due to the lack of access to water for cooling. 
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Figure 3: map of Jordan displaying Al Aqaba, Irbid and the capital Amman and other major cities [5]. 

 

Studies have shown that Jordan’s unharnessed solar energy resources are key to evading 

the eminent energy crisis in the most sustainable manner [8]. Due to the adverse environmental 

impacts and risk factors associated with installing nuclear power plants in Jordan, this research 

investigates the feasibility of meeting the majority of Jordan’s electric load growth through 

renewable energy resources. 
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1.3 The Existing Electric Grid: 
 
 The current installed electric grid has a system capacity of 3168MW, with a 132kV and 

400kV transmission network (figure 4). The transmission network interconnects with Syria 

through 230kV and 400kV tie lines and with Egypt through 400kV tie lines. The installed grid 

currently serves 99.9% of the Jordanian population [7].  

 

Figure 4: The transmission lines of the Jordanian grid [8], the figure was also updated to show installed 
power plants and those planned until 2020.  
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1.4 Generation Capacities: 

The largest power station in Jordan is the Aqaba thermal power station, which generates 

656MW. The power station relies on heavy oil and natural gas for fuel and seawater for cooling 

[8]. The rest of the power plants in Jordan and their generation capacity are detailed in table 1. 

 

 Table 1: power generation plants and their corresponding generation capacities. 

Power Generation 
Facility 

Generation Capacity Fuel Source Location 

Aqaba Thermal Power 
Station [9] 

656 MW Natural gas 
Heavy fuel oil 

Aqaba  

Hussein Thermal Power 
Station [10] 

198 MW Heavy fuel oil  
Diesel oil 

Az Zarqa 

Risha Gas Power Station 
[11] 

150 MW Diesel oil 
Natural gas 

Risha  

Rehab Gas Turbine 
Power Station [12] 

357 MW  Diesel oil 
Natural gas 

Rehab  

Marka Power Station [13] 80MW Diesel oil Marka 
Amman South Power 
Station [14] 

30MW Diesel oil Amman 

Karak Power Station  
[15] 

20MW Diesel oil Karak 

Ibrahimyah Wind Power 
Station [16] 

0.32MW Wind power Ibrahimyah 

Hofa Wind Power Station 
[17] 

1.125MW Wind power Hofa 

Al Quatrana Power Plant 
[18] 

373MW Natural gas Al Qatrana 

King talal dam [18] 4 MW Hydropower Az Zarqa 
 

The fuel source distribution of these power plants is displayed in the following figure. 
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            Figure 5: distribution of current power plant fuel sources in Jordan. 

 

In addition to these existing power plants, several power plants are currently being planned or are 

under construction, these are displayed in table 2 below. As opposed to the existing power stations, the 

planned power stations will rely on local fuel sources such as uranium and oil shale and include a large 

solar energy project.  

Table 2: planned power plants in Jordan, their generation capacities and expected year of commercial 
operation. 
 
Power Generation 
Facility  

Generation 
Capacity 

Fuel Source Location Expected Year of 
Commercial 
Operation 

Nuclear Power Plant [4] 1000MW Uranium  Aqaba/Wadi Araba 2019/2020 
Nuclear Power Plant [4] 1000MW Uranium  Aqaba/Wadi Araba 2020/2021 
Attarat Power Plant 
[19] 

550MW Oil shale Attarat Um Ghurdan  2018 

Ma’an CSP Plant [20] 100MW Solar Power Ma’an 2020 
 

Natural	
  Gas	
  

Wind	
  Power	
  	
  

Hydropower	
  

Heavy	
  Fuel	
  and	
  Diesel	
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Figure 6: distribution of power plant fuel sources in Jordan for power plants stating operation in 2020. 

 

II. SITE SELECTION 

2.1 Renewable Energy Potentials: 
  
 Jordan is located in the solar belt of the world, thus it has the potential to generate at least 

1000Gwh annually [20].  In a recent report by the International Renewable Energy Agency [21], 

the cost of electricity generated by concentrated solar power (CSP) could be as low as 

$0.14/kWh if the storage period is less than six hours. Compare this to a cost of $0.13/kWh for a 

conventional natural gas burning combustion turbine, $0.20/kWh for offshore wind turbines and 

around $0.1/kWh for advanced nuclear [23]. The low cost of solar power generation paired with 

Jordan’s solar potential makes Jordan’s reliance on renewable energy feasible. Jordan’s solar 

potential is displayed in figure 7.  

Nuclear	
  	
  

Solar	
  Power	
  

Shale	
  Oil	
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Figure 7: map of Jordan showing solar radiation (kWh/m2)[7]. 

 
The solar potential in Jordan is capable of meeting 100% of the electric demand – 

provided there is an efficient storage solution- due to many favorable factors; low humidity, 

moderate temperatures, and the high availability of flat land mass. The solar availability data 

obtained will be modeled using HOMER in order to investigate the feasibility of installing solar 

farms. 

Similarly, Jordan also has good wind potentials as demonstrated by the small wind farms 

currently installed.  The wind map of Jordan is shown in figure 8. 
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              Figure 8: wind availability map of Jordan [21] 

 
 

As shown by the maps, locations with the highest wind speeds are Al Aqaba, Al Mafraq, 

Irbid and Al Azraq. These four locations exhibit average wind speeds ranging from 6m/s to 8m/s, 

measured at a height of 100m. All these locations are relatively rural and would be ideal 

locations for wind farms since availability of space is not a constraint. Generic wind speed data 

was initially acquired for Aqaba and an initial HOMER analysis was conducted, the initial wind 

data processing in displayed in appendix B, while the HOMER analysis result are displayed in 

appendix C. New wind data was obtained from the National Energy Research Centre (NERC) at 

the Royal Scientific Society (RSS) in Jordan. The acquired data for these locations and the data 

will be analyzed using HOMER to investigate the feasibility of grid-tied wind farms in these 

locations. 
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2.2 Aqaba 
Aqaba is located around 330km south of the capital city Amman as shown in figure 1 

[29]. Aqaba is Jordan’s only coastal city and is an area that undergoes vast amounts of trade 

annually. The city receives high solar radiation and experiences moderately fast winds. The city 

is surrounded by largely undeveloped desert land while the city’s urban spaces undergo large 

economic development. Thus, Aqaba is an ideal site for both wind and solar farms and was 

selected as such for this project.  

 
2.3 Irbid  
 Irbid is located around 70km north of Amman and while the city is a highly urbanized 

area, it is surrounded by large amounts of agricultural and unutilized land.  Irbid is one of the 

country’s largest cities, the third after the capital Amman and Az Zarqa. Irbid experiences some 

of the highest wind speeds in the Kingdom; between 6m/s and 8m/s on average. Irbid’s high 

population density, its proximity to the capital city, as well as its high wind availability and 

accessible land make it an excellent candidate for wind farm projects in the Kingdom. 

 
 

III. HOMER ANALYSIS 
 
3.1 Load Data 

 The HOMER analysis includes daily load data only from the capital city Amman at this 

point. The data were obtained from the daily load curve of the city for the month of May in 2010 

[23] rather than time series data (figure 10). The month of May was selected since it contains the 

city’s peak load. This data is being used temporarily until daily load data can be obtained from 

the Jordanian National Electric Power Company. Load data were requested from the company to 

include the entire country. While this model only incorporates Amman’s electric demand, it will 

still give significant results since Amman’s electric load is the largest in the country. 
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Figure 10: daily load curves for Amman in 2010 [23]. 

 

3.2 Wind Resource Data: 

Two areas selected as the location for the proposed wind farms; the city of Al Aqaba and 

the city of Irbid. Monthly wind speeds were obtained new wind data was obtained from the 

National Energy Research Centre (NERC) at the Royal Scientific Society (RSS) in Jordan. While 

monthly averages instead of hourly time series data is less accurate, no such data was currently 

available for any location on Jordan. The average monthly wind speeds for Al Aqaba and Irbid 

are displayed in the following figures. 
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Figure 11: monthly average wind speeds for Al Aqaba recorded at 45m above ground level (m/s). 

 

Figure 12: monthly average wind speeds for Irbid recorded at 10m above ground level (m/s). 

 

 In order to account for the variability of the wind, the data will be modeled using a 

Weibull distribution. Modeling the wind data using the Weibull distribution informs us of the 

probability of a certain wind speed occurring at the given location. The modeling will be done 

using R software such that the scale factor “k”, will be calculated and input into HOMER.  
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3.3 Solar Resource Data 

The location of the solar farm was also selected to be Al Aqaba due to its high average 

solar radiation. The average monthly solar radiation values for Al Aqaba were obtained from 

NASA records, these are plotted in figure 13.  

 

 

Figure 13: monthly average daily solar radiation for Al Aqaba (kWh/m2/day). 

 

 The monthly average radiation values were used to calculate monthly clearness index as 

well and the optimal tilt angle, which had a value of 25 degrees. Details of these calculations are 

displayed in appendix II. Clearness index values and the optimal tilt angle were used in HOMER 

in order to model the solar resources available.  
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3.4 Fuel Costs 

 The fuel costs selected for this HOMER model are $0.97/L [25] for diesel and $11/m3 for 

natural gas [26]. While the diesel costs were specific to Jordan, it is an average of the price 

between 2010 and 2014. On the other hand, the natural gas price obtained is specific to the 

United States because no accurate values of the Jordanian price were found.  When modeling the 

system again, both fuel costs should be specific to Jordan to obtain the most accurate reflection 

of the system costs. 

 

3.5 Capital and Operations and Maintenance Costs 

Capital costs for the existing power plants funded by the World Bank were obtained from 

the World Bank records. Otherwise, capital costs as well as operations and maintenance costs 

(O&M) were estimated using the assumptions displayed in table 4 below.  All cost values were 

obtained from EIA records  [27] with the exception of diesel, which was obtained from the 

KPMG report [28].  

Table 4: cost assumptions for different generation methods. 

Generation Method Capital Cost 
($/kW) 

Fixed O&M 
($/kW-yr) 

Variable O&M 
($/MWh) 

Natural Gas (Conventional CT)  973 7.34 15.45 
Diesel  984.77 10.16 31.52 
Offshore Wind  6,230 74.00 00 
Photovoltaic  3,873 24.56 00 
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IV.  RESULTS AND SENSITIVITY ANALYSES 
 
4.1 Solar Heavy Base Cases (10%, 20%, 30% renewables) 
4.2 Wind and Solar (10%, 20%, 30% renewables, with equal generation from 
both wind and solar) 
4.3 Optimizing Reliability  
4.4 Optimizing Low Emissions 
4.5 Optimizing Cost 
 

V. CONCLUSION 

5.1 Conclusion and Reflection 

Modeling the system using HOMER showed that Jordan’s renewable energy resources 

could be key in solving its eminent energy crisis as the optimization results showed a system 

with a low cost of electricity, low emissions and high reliability for the capital city Amman. The 

financial implications of adopting renewable energy technology are something to consider, 

especially since the economic component is crucial in the case of a developing country like 

Jordan. While renewables require a much higher capital cost, they require very little operations 

and maintenance cost, are more sustainable, will bring new technology and know-how to the 

country and create jobs. As are result, conducting a life cycle analysis for the different 

technologies for Jordan’s case is something I am interested in pursuing if time is available.  

I will be finalizing my HOMER modeling of the system from this point on for the base 

cases discussed. Since new data was obtained, this will allow me to conduct more accurate 

analyses. In addition to wind data, problems with obtaining daily load demand were also 

encountered. As a result, for this model average hourly daily data for one month were input into 

HOMER and HOMER estimated the rest of the year’s electric demand accordingly.  
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VII. APPENDICES 
 
7.1 Appendix A: Tilt Angle and Solar Radiation  
 
In order to calculate the optimal angle, the total insolation at the horizontal must be calculated and then 
adjusted such that it is elevated to the plane of the array. As a result, the first set of calculations were done 
in order to find the monthly average daily insolation values for each month. In order to do so, the 
declination was calculated first using equation 1 below, where 𝛿 is the declination in degrees, and 𝑛 is 
day’s number in the year.  
 

                                          𝛿 = 23.45 𝑠𝑖𝑛 360 !"#!!
!"#

                                                                   Eq. 2 
 
Then, using the declination values, the hour angle was calculated using the equation 2 below, where 𝜔! is 
the hour angle, 𝛿 is the declination, and 𝜙 is the longitude in degrees. 
 
                                           𝜔! = 𝑐𝑜𝑠!!(−𝑡𝑎𝑛𝛿𝑡𝑎𝑛𝜙)                                                                        Eq. 3 
 
The declination and hour angle values were then used to calculate the extraterrestrial insolation values on 
the horizontal (𝐻!). This was calculated using the equation below, where 𝜔! is the hour angle, 𝛿 is the 
declination, and 𝜙 is the longitude in degrees. 𝐺!" is the global solar constant with a value of 1367 W/m2, 
and 𝑛 is the day’s number in the month. The result, 𝐻!, has units J/m2/day, this was converted to 
kWh/m2/day by dividing the result by 3.6*106 MJ. 
 
𝐻! =

!"∗!"##∗!!"
!

  (1 + 0.033 cos !"#!
!"#

)(𝑐𝑜𝑠𝜙𝑐𝑜𝑠𝛿𝑠𝑖𝑛𝜔! +
!
!"#

𝜔!𝑠𝑖𝑛𝜙𝑠𝑖𝑛𝛿)                         Eq. 4 
 
In order to elevate from the horizontal to the plane of the array, 𝐾!, the average clearness index was 
calculated. This was done using equation 5 shown below, where 𝐻! is the extraterrestrial insolation on the 
horizontal, and 𝐻 is the average monthly daily insolation at the horizontal, both in kWh/m2/day.  
 
                                                                        𝐾! =

!
!!

                       Eq.5  
 
 
 
 
The tables showing the calculation are shown on the next page. 
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7.2 Appendix B: Initial Wind Data 
 

Initially, the area selected as the location for the proposed wind farm was the city of Al 

Aqaba in the South of Jordan. Monthly wind speeds were obtained at anemometer height of 10m, 

these speeds are monthly averages across the years 1989-1997 [24]. While monthly averages 

instead of hourly time series data is less accurate, no such data was currently available for any 

location on Jordan. The average monthly wind speeds for Al Aqaba are displayed in the figure 

below. 

 

Figure 11: monthly average wind speeds for Al Aqaba (m/s). 

 

 In order to account for the variability of the wind, the data were modeled using a Weibull 

distribution. Modeling the wind data using the Weibull distribution informs us of the probability 

of a certain wind speed occurring at the given location. The modeling was done using R software 

such that the scale factor “k”, which is one of the parameters of the Weibull distribution, was 

calculated to be around 1.2 and input into HOMER. The details of the R modeling are displayed 

below. 
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The Weibull distribution function is as follows: 

 
 
Where “f(v)” is the probability of wind speed “v” taking place at the given location, “k” is the scale factor 
and  “c” is the shape factor. 
 
The R code used for modeling is displayed below: 
 

 
 
The Weibull distribution of the wind speeds is displayed below: 
 

 
 
 
 
 
 
 
 
 
 

Eq.	
  1	
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7.3 Appendix C: Past Modeling Results 
 

HOMER software was used to model various base case scenarios to investigate the 

renewable energy potentials of Jordan in a quantitative manner; the HOMER component diagram 

is displayed in figure 8. The model was developed to meet the capital city’s electric demand and 

incorporated all current generators as well as a proposed 300MW wind farm and a 300MW solar 

power plant.  

 

Figure 9: component diagram of the case modeled by HOMER. 

Upon modeling the system in HOMER with a minimum of 30% renewables constraint, 

the optimization results returned a system that utilized the photovoltaics, wind farm, and Marka, 

Amman South and Karak power stations. The electric demand modeled was 363,144,736 kWh/yr 

and the system was capable of meeting 100% of the electricity demanded. The system also 

generated a significant amount of excess electricity (around 800 thousand KWh/year), which was 

to be expected given the load was only modeled for the capital city while the generation capacity 
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was modeled for the entire country. The monthly average electric production of the system is 

displayed in the figure 13.  

 

Figure 13: the monthly average electric production of the system. 

The system utilizes a large renewables fraction of 0.9 and so a major advantage to this 

system is that it has large ramping capabilities as it employs such a large fraction of renewables. 

Furthermore, the system is very reliable as the unmet load is 0.411kWh/yr and the operating 

reserve is rather large. The operating reserve is expected to decrease once the entire kingdom’s 

load is modeled, thus decreasing the reliability of the system.  

The system also has lower emissions as a result of the large renewables fraction, thus 

making it a more sustainable option for Jordan’s future. The emissions are detailed in the table 

below. 
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Table 5: emissions resulting from the system. 

 

 

The total net present cost of the system was calculated to be $2,183,038,208, while the 

operating cost was $145,113,536/yr. Similarly, the levelized cost of energy was calculated to be 

$0.470/kWh. The cash flows summary chart is displayed in figure 14.  

 

Figure 14: the cash flows diagram for the modeled system. 
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7.4 Appendix D: Other Trials 
 
The appendix shows the results of another sensitivity analysis conducted were wind energy was 
the only renewable incorporated into the grid. This analysis was conducted using the old wind 
data for the city of Aqaba.  
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