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Abstract 
 

The aim of this study were to determine of best areas to construct new photovoltaic farms in Jordan using 

four main factors that majorly affect the feasibility of these farms which is solar radiation yearly sum on the 

land, aspect of the land, height of the land and the presence of electricity lines near the land. Further, to 

represent main current projects in Geographic Information Systems (GIS) software.  The outcome results will 

produce a map of Jordan Suitability areas to construct new Photovoltaic farms by using GIS software and 

many calculations with remote sensing techniques and represent some of the current main photovoltaic projects 

on it as a spatial data with their names and their capacities. The new methodology will open the door for 

numerous GIS applications in the area of Solar Energy. 
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Abstract 

The stripping of asphalt cement still the most significant reason that causes the deterioration of asphalt 

concrete pavement. This study aims to compare and develop a systematic method for the results of stripping 

tests: Texas boiling, resilient modulus, and fatigue. Three types of aggregates and two types of anti-stripping 

additives were used. Texas boiling test, and then Marshall specimens with (6-8%) air voids subjected to 

medium or high moisture conditioning were used. The stripping potential evaluated by suggesting sequence 

tests steps for asphalt coating retained (60-80%) visually and by the resilient modulus (MR). The visual 

assessment of the boiling test and the rolling test is not enough to predict stripping. The degree of saturation 

had a very significant effect on the resilient modulus values. The use of the resilient modulus test for 

Marshall specimens is a reliable test to predict stripping. For the results of less than the range; add additives 

and re-evaluate the stripping. For results above the range; run a fatigue test with high saturation. In general, 

it found that the dosage of lime needed is between 1.5 to 2.0% by weight of aggregate, where for polyamine, 

it was between 0.75 to 1% by weight of asphalt binder. Lime additive showed better effects on stripping 

potential than polyamine (liquid) additive. The proposed methodology which organized by a flow chart is a 

sound step-by-step and practical procedure for predicting the stripping. It could be used as a guideline to 

assess the water susceptibility for any aggregate type. 
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1. Introduction: 

Jordan has significant sources of renewable 

energy, particularly solar energy.  Jordan is within 

the belt of the solar belt, where the intensity of 

bright solar radiation (5-7) kWh / m², which is 

promising for the use of renewable energy to 

generate electricity in Jordan Accordingly, the 

overall strategy of the energy sector in Jordan, 

which aims to diversify sources of energy and 

reduce reliance on imports, has contributed to 20% 

of the electricity generated in 2025. In general, 

renewable energy is defined as the energy 

generated from natural and sustainable resources.  

The world faces major energy-related challenges as 

it enters the twenty-first century. Our economic 

wellbeing from improving urban air quality to 

abating the risk of global warming requires a mix 

of energy sources that emits less carbon dioxide 

and other pollutants than today's mix does [1, 2, 

and 3]. 

The main consumer of electricity in Jordan is the 

domestic sector; the domestic electricity 

consumption amounted to (7448) GWh which 

accounts for 45% of the total consumption.  The 

demand for electric power increased in 2016, with 

a growth rate of about 3%. And the domestic sector 

recorded the highest growth rate reaching 7%.  

Overall consumption has been steadily increasing 

in the recent years; due to middle-east crisis in the 

neighboring countries increasing the immigration 

from them affected Jordan’s economy.  

 

Continues to be impacted by such surrounding 

repercussions increasing the financial burden on 

our national economy resulting in low-standard-

living of the citizens. Therefore, the utilization of 

renewable energy resources in residential sector 

has become a significant prominent issue. The 

renewable energy market has been particularly 

interested in solar energy in Jordan due to the rise 

in solar radiation  .Solar radiation is the amount of 

solar radiation falling on a given area and capable 

of generating electrical power.  Solar radiation is 

very significant in determining the site select  ,as it 

effects energy production in the panel [3 and 5].  

The solar energy  is becoming one of the world’s 

fastest growing renewable energy applications, 

The World Energy Council (WEC) estimated the 

total amount of power generated by PV panels as 

being 227 gigawatts, which was only 1% of world 

power production by the end of 2016 .And because 

solar energy like other sciences we seek to develop 

it had to be linked with the (GIS) to show the sites 

that were installed solar cells in which also discuss 

the factors that affect the solar energy and choose 

the most suitable location to open new projects of 

solar energy [4, 5 and 6].  

 

2. Relation of site and factors: 

 

2.1 Solar radiation is the  major criteria Because 

it's the primary source of energy and even the cells 

types are  vary on its efficiency of solar power 

conversion  to electricity the solar radiation 

captured from sun by this land in specific period is 

the base of this energy . 

 

 

2.2 presence of Electric lines near to the land of 

project is essentially because the majority of this 
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project are grid connected project which need to be 

connected with the national grid to  work 

efficiently without electricity storage issues or  

network lines extending costs or event.  The losses 

when the project is very far from the network 

because produced electricity is distributed through 

local electricity transmission network. Thus, this 

network should be considered in PV site selection. 

 

2.3 Aspect  (the compass direction that a land slope 

faces) is another factor which is very important to 

select the land to construct photovoltaic farms 

because its playing an important role with the 

energy yield amount that the piece of land get from 

the sun in the day. 

 

2.4 Height of the land  

As height of land from the mean sea level decrease 

the particle and pollution in the atmosphere 

increase so the amount of solar radiation absorbed 

and reflected in atmosphere  increase which means 

that energy yielded from sun decreases for this 

piece of land . 

 

3. Data Collection & Layer Preparation:  

 

3.1. Global Tilted Irradiation:  

Sum of direct and diffuse solar radiation falling on 

a tilted surface of fixed-mounted PV modules 

[kWh/m2] as shown in Figure 1. Compared to the 

horizontal surface, the tilted surface also receives a 

small amount of ground-reflected solar radiation 

and this map covering the period 1999-2015 when 

get it from the global solar atlas website which is 

funded their project funded by world bank  

https://globalsolaratlas.info then we optimized this 

data and exclude the abnormal values  from the 

raster map and classify its data from low to high 

using suitable color ramp to show the difference 

efficiently [1 to 6] . 

 

3.2. Electricity Transmission Network lines:  

This were the most difficult part of data to collect 

because lack of well-formed information as a 

spatial data  firstly we took a small fragment 

transmission lines from National Electric Power 

company then ,  we used the existence published  

maps to redraw the detailed lines in the GIS 

software as a spatial data which shown on Figure 

2. 

 

3.3 Current main P.V farms that have a a 

capacity larger than 1 M.W: 

 Although lack of information available resources 

we collect these data from many of them like 

Energy & Minerals Regulatory Commission of 

Jordan and solar companies websites then we take 

these raw data and extract the accurate position of 

the farms  from Jordan department of lands and 

survey GIS online software that's located at: 

http://maps.dls.gov.jo  in an acceptable formula 

(x.y decimal wgs84 coordinates)  to represent it in 

the GIS software  and sometimes we had to convert 

the data we got from Amman explorer online GIS 

software from EPSG:7142 Palestine 1923 / 

Palestine Grid modified system to EPSG: 4326 

WGS 84 system so we can represent it in our GIS 

project correctly . 
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3.4 Height and Aspect: 

From Digital Elevation Model (DEM) of Jordan 

from satellite maps and then we derived aspect data 

from the GIS software then the two layers 

resampled and transformed to 0-100 scale using 

linear function for elevation data and trigonometric 

function (Cosine) for aspect data to be the best 

aspect is the south facing and the most bad aspect 

is the north facing.  Figure 3 shows the studied 

location, while Figure 4 shows height, aspect, and 

current main photovoltaic projects in Jordan; and 

Figure 5 shows the electricity grid presented effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                            Figure 2: Electricitylines Jordan 

             Figure 1: Solar radiation of well tilted surface 

 

 

 

.  

 

 

Figure 3: Study Area. 
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Figure 4-b: Aspect of Jordan lands.      Figure 4-a: Height of Jordan Figure: Lands DEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-c: Current main photovoltaic farms in Jordan. 

Figure 4: Height, aspect, and current main photovoltaic projects in Jordan. 
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Figure 5: Electricity grid presence effect.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Study Scope: 

In this study, the whole land area of Jordan (~ 88788km2) was 

selected as the study area.  Jordan is a developing 

country located in a semi-arid hot zone in the 

Middle East (between 29o and 32o north and 35o 

and 39o east) (see Figure 3). Jordan’s population 

amounts to 9.5 million and experienced a relatively  

 

 

 

 

 

 

 

 

 

 

 

 

 

high growth rate of 4.2% at the end of 2015; and 

for representing the 

 current main photovoltaic farms we took farms 

bigger than 1 M.W in their capacities in different 

governorates at Jordan.  
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5. Methodology & procedure  

The methodology and procedure used is presented 

in Figure 6. Figure 6: Methodology Procedure. 

 

5.1 Grid Presence Layer  

 

After plotting the network lines as spatial points 

and lines (vector type) on the map of Jordan; 

Euclidean Distance tool has been used on the 

ArcGIS software which produce raster layer and 

calculates.  For each cell of the new raster, the 

Euclidean distance to the closest source (network 

lines in our case) and select a blue color ramp 

representing the values so we got the map shown 

in the Figure 5. 

 

5.2 Uniforming Rasters’ Values  

 

 We used the math tools from the software to 

transform those raster values and solar radiation 

values into 0-100 range scale using linear function 

for all layers except cosine function for aspect layer 

as it’s a degree layer in order to be suitable for the 

next overlaying step. 

 

5.3 Over laying layers  

 

As the last operation to get our resulted map 

shown in results section we used overlay tool 

from ArcGIS for the prepared four layers with 

weighted sum function giving the four layers 

factors as their importance increase  as this:  

25 % of height values           > 10 % 

of the Suitability. 

50 % of aspect values    > 20 % of the 

Suitability. 

75 % of electricity presence values   > 30 % 

of the Suitability. 

100% of the solar radiation values    > 40 % 

of the Suitability. 

 

6. Results:  

After overlaying the two prepared layers with 

weighted scale as the importance of these four 

main factors are increasing as mentioned in 5.3; we 

got these maps presented at Figures 7 and 8 for 

suitable areas at Jordan for Photovoltaic farms.  

We noticed that in Figure 7 as we go far from 

electric network lines the suitability decreased 

because of the high losses in electricity 

transmission and the high cost to connect the farm 

with the electric grid. 

More detailed in Figure 8 a non-linear factor that 

affect such piece of land differently which is aspect 

affect the suitability so we saw a more accurate 

suitability map than previous Figure on  lands 

level. 
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  Figure 7: Photovoltaic farms areas using solar        

Figure 8: Photovoltaic farms areas using all studied factors. radiation and grid presence. 

 7. Conclusions:  

 

We realized that Jordan has huge capabilities in 

Photovoltaic and solar power sector and as we can 

see in Figures 7 and 8 current Photovoltaic farms 

studied in this article were located at moderate to 

high suitable areas but no photovoltaic farms were 

constructed on the non-suitable areas and the 

biggest farms “ shams ma'an “ where located in 

the most suitable areas of Jordan .  

Furthermore , even within the electric lines 

presence area the suitability of areas  are varying 

as the other important factors “solar radiation , 

aspect , height “ are changing dynamically 

according to the previous criteria maps of Jordan. 

8. Recommendations:  

Despite the findings of this study, it is still 

recommended to: 

1. Include another factors may affect the 

suitability such as   price of the lands, land uses, 

etc. 

2. Collect more spatial data about the current 

Photovoltaic farms and represent it on the map. 
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