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Abstract  This paper presents an analytical study of PV power generation of two regions in Saudi Arabia. Saudi 
Arabia need to expand its power generation capacity to meet expected rises in electricity demand. Saudi Arabia has 
good future to use the solar energy more extensively because of the availability of high solar radiation, large rainless 
area, and long sunlight. Saudi Arabia aims to increase solar power production to meet a significant portion of 
potential energy demand in the country. To achieve its solar power goals, various installations and research works 
are being undertaken nowadays in the Saudi Arabia. Therefore, the most recent updates of the solar industry in the 
country are important for further research investigation. This paper explores the present state of Saudi Arabia and the 
potential prospects of the solar industry. It also aims to discuss the possibility of connecting the photovoltaic (PV) 
system with the grid, while calculating the amount of reducing carbon dioxide (CO2) emissions during the 
production of electricity through clean energy. In this work a simulation (PVsyst 7.1) software program to simulate 
the installation of PV cells on two regions of Saudi Arabia including Al-Shuaiba and Al-Shuqiq regions. Also, the 
possibility of using the tracker system to track the sunshine and generate more power from PV systems was 
discussed.  
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1. Introduction 

In Saudi Arabia, the electric power generating aims to 
raise generating capacity to 120 GW through 2032 by fast 
growth of the country's economy over the last decade. There 
is strategy being developed to supply consumption from 
clean resources to meet the Saudi Arabia’s increasing 
demand for electric power with a lower consumption of 
oil. The highest power demand is estimated to rise by 
2032 between 55 GW and 122 GW with a different of 61 
GW between the project output and the demand rate. The 
oil consumption in Saudi Arabia should be decreased. The 
usage of sun energy can support the electricity generation 
in Saudi Arabia and reduce the oil consumption. 

The region between 40°N and 40°S latitudes is considered 
throughout the world to be the Sunbelt, and in the middle 
of this belt. Saudi Arabia has a good position in the map 
of world (latitudes 16°& 33°N) and (longitudes 34° and 
56°E), it can use this location to generate electricity from 
sun. Solar power potential in this area is enormous because it 
is solar powered at approximately 5-9 kWh/m2/day [1]. 

Indeed, the Arabian Peninsula has an average solar 
radiation of approximately 2200 kWh/m2 per year [2] 
requiring just approximately 0.1 percent of the land [3] to 

meet the expected demand for electricity by 2050.  
Therefore, King Abdullah City for Atomic and 

Renewable Energy (KACARE) has developed the goal of 
producing 54 GW of renewable energy by 2032, the 
agency responsible for developing renewable energy in 
the country. For the medium term, 24 GW are planned  
by 2020 [4,5]. Figure 1 shows the different energy  
sources for 2032, specifically, for PV&CSP, more than 
108,900,000 Dollars are to be invested for 41 GW by 
2030, which is one third of the national consumption. 

 
Figure 1. Proposed energy mix (GW) in 2032 [6] 
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Saudi Arabia's capability to produce, transmit and 
develop renewable energy sources is numerous. It ties 
Africa to Asia with an area of 2,150,000 Km2. Saudi 
Arabia has a good area especially in GCC, also in Arab 
world it has second position of area [7]. Moreover, the 
economy of Saudi Arabia is growing up around 5.31%, 
with an average shift in real GDP. 

Consequently, Saudi Arabia will be able to invest in 
renewable energy projects under all the geo-economic 
conditions.  

In 2022 Saudi Arabia aims to introduce PV production 
with capacity of 11 GW to hit 40 GW in renewable energy 
by 2030. The rates of return for projects of renewable 
sources of energy are stepped up in capacity [8,9,10]. The 
experts suggest the most competitive production site for 
PV power can emerge in Saudi Arabia. The Institute for 
Energy of the European Commission has reported that 1/3 
percent of light from the deserts of the GCC is adequate 
for Europe as a whole. 

2. Sustainable Energy Outlook in SA 

Saudi Arabia is one of Middle East Countries’  
most likely productive areas for solar energy production 
[11].  

Saudi Arabia has an average of 8.89 hours of bright 
sunshine a day and a vast, rainless area with an average 
sun radiation of 5591 Wh/m2 [12]. Though Saudi Arabia 
has the most solar capacity in the world. 

Nearly 56% of national oil and 46% of national  
natural gas production are now consumed at homes. 
However, Saudi Arabia aims to produce energy from 
renewable resources to meet a significant part of the 
country's electricity demand, given the increase in global 
demand for oil and the impact of global warming, this 
number is predicted to nearly triple in the next 20 years 
[13]. Figure 2 shows the Sustainable energy outlook in 
Saudi Arabia. 

 
Figure 2. Sustainable energy outlook in Saudi Arabia [13] 

3. Study of PV Energy Production in SA 
In 2030, the expected studies indicate that the emissions 

will rise in Saudi Arabia, also these studies show that the 
emissions grow up four times between 1990 and 2015 

(276%). GHG emissions per capita in Saudi Arabia is  
20 tone CO2e/capita which is a one of highest numbers  
for the G20 countries. Also, one of the highest effects  
on environment is the energy generation by fossil fuel  
[14]. 

 

Figure 3. Saudi Arabia emissions [14] 
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Figure 4. Saudi Arabia CO2 emissions [14] 

Saudi Arabia is working on reducing the GHG 
emissions, because of the bad effect on the climate.  
The CO2 emissions which result from generating power  
is the largest contributor for overall GHG emissions  
[15]. Power generation and heat and industries are the 
biggest sources of emissions that grow up 22% between 
2012 -2017 [14]. Figure 3 shows the Saudi Arabia 
emissions. 

The solution of reducing the high CO2 emissions  
is by using the PV energy. In this part the possibility  
of connecting the PV system with the grid is  
discussed.  Moreover, calculating the amount of reducing 
CO2 emissions during the production of electricity 
through clean energy using a simulation (PVsyst 7.1) 
program. A simulation of the installation of PV  
on two regions of the Saudi Arabia is discussed and 
presented. Also, the possibility to use the tracker system to 
track the sunshine and generate more power from PV 
systems. 

3.2. Simulation of PV system in Saudi Arabia 
and results  

The simulation was done on two locations which  
is near the power plants of Saudi Electricity Company. 
The reason of choosing these two locations is the ease  
to connect PV systems directly to the grid and with  
short distance of distribution lines. These two locations 
are in Al-Shuaiba and Al-Shuqiq. The calculations  
and simulation were accomplished by PVsyst 7.1 program 
and GLOBAL SOLAR ATLAS. Moreover, the reduction 
of the CO2 emissions is shown. The estimated  
power generation for each site is 200 MWp. The first site 
in this study was Al-Shuaiba, the Coordinates are 
(Latitude 20.63°N, Longitude, 39.58°E) and Altitude  
is 8 m. Figure 5 shows the location map of Al-Shuaiba site 
[16] 

 

Figure 5. Location map of Al-Shuaiba site [16] 

For Al-Shuaiba site, the best tilt angle is 21.2 degree 
with zero-degree Azimuth that give maximum power from 
PV panels. The data of sun path were collected from 
Metronome program, it is an unparalleled combination of 
reliable data and advanced calculation materials. From this 
data can be access to exact historical and information’s for 
all time of year. In this system will use around (363636) 
PV modules with unit nominal power (550wp) that 
generate 200MWp, also the design connection of modules 
will be (25974 strings) *(14 series). Figure 6 shows the 
Daily input/output diagram (kwh/m2/day) & Daily system 
output Energy (kwh/day) of Al-Shuaiba PV project. 

According of International Energy Agency (IEA) 
studies of CO2 emission country factors, the CO2 
emissions saved from Al-Shuaiba project equal 
(234119.183) tCO2 per year. The lifetime of photovoltaic 
system is between 25 to 30 years. For 25 years of lifetime 
the project can save around 5.85 million tons of CO2 
emissions as shown in Figure 7. Table 1 shows the total 
power generation of Al-Shuaiba project is 376488 MWh 
with performance ratio (81.8%). 
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Figure 6. Daily input/output diagram (kwh/m2/day) & Daily system output Energy (kwh/day) of Al-Shuaiba PV project 
Table 1. Total power generation of Al-Shuaiba project 

 

 
Figure 7. CO2 emissions saved at Al-Shuaiba project 

- Al-Shuaiba site with two axis tracking system. 
This system will show the total energy production  

from the same amount or size photovoltaic farm by  
using the two-tracking axis of sun light and how much 
CO2 emission saved. The best tilt and Azimuth angle for  
Al-Shuaiba site, the best tilt angle limits are (0/80) degree 

and Azimuth limits is (-120/120) degree that give 
maximum power from PV panels.  

Figure 8 shows Daily input/output diagram (kwh/m2/day) 
& Daily system output Energy (kwh/day) of Al-Shuaiba 
PV project with two axis tracking system. Table 2 shows 
the total power generation of Al-Shuaiba project is 473437 
MWh with performance ratio (80.4%). 
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Figure 8. Daily input/output diagram & Daily system output Energy of Al-Shuaiba PV project 

Table 2. Total power generation of Al-Shuaiba project 

 

 

Figure 9. CO2 emissions saved from Al-Shuaiba site with two axis tracking system. 

The CO2 emissions saved from this project equal 
298136.843 tCO2 per year, and the lifetime of PV system 
is between 25 to 30 years. For 25 years of lifetime the 
project can save around 7.45 million tons of CO2 
emissions as shown in Figure 9. 

- Al-Shuqiq site was the second location in the western 
coast, it is in the Jizan region. The coordinates are 
(Latitude 17.6339 °N, Longitude, 42.1382 °E) and 
Altitude is 8 m.  
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Figure 9. Location map of Al-Shuqiq site [16]. 

The best tilt and Azimuth angle for Al-Shuqiq site, the 
best tilt angle is 21 degrees with zero-degree Azimuth that 
give maximum power from PV panels.  The data of sun 
path are collected from Metronome program, it is an 
unparalleled combination of reliable data and advanced 

calculation materials. From this data can be access to 
exact historical and information’s for all time of year. 

In this system will use around (363636) PV modules 
with unit nominal power (550 wp) that generate 200 MWp, 
also the design connection of modules will be (25974 
strings) *(14 series). Figure 9 shows the daily input and 
output diagram, which is on x-axis is global incident coll. 
plan (kilowatt hour per meter square per day) and on  
Y-axis is energy injected into grid (kilowatt hour per day. 

Table 3 shows the total power generation of Al-Shuqiq 
project is 387820 MWh with performance ratio (81.4%). 

According of International Energy Agency (IEA) 
studies of CO2 emission country factors, the carbon 
dioxide CO2 emissions saved from Al-Shuqiq project 
equal (241600.928) tCO2 per year, and the lifetime of PV 
system is between 25 to 30 years. For 25 years of lifetime 
the project can save around 6.04 million tons of CO2 
emissions as shown in Figure 10. The CO2 emissions 
saved from Al-Shuqiq project is shown in Figure 11. 

 

Figure 10. Daily input/output diagram & Daily system output Energy of Al-Shuqiq PV project 

Table 3. Total power generation of Al-Shuqiq project 
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Figure 11. CO2 emissions saved from Al-Shuqiq project 

- Al-Shuqiq site with two axis tracking system. 
This system will show the total energy production from 

the same amount or size PV System using the two-
tracking axis of sun light and how much CO2 emission 
saved. Figure 12 shows the best tilt and Azimuth angle for 

Al-Shuqiq site, the best tilt angle limits is (0/80) degree 
and Azimuth limits is (-120/120) degree that give 
maximum power from PV panels.  Figure 13 shows the 
reference incident energy in collector plane of Al-Shuqiq 
site with two axis tracking system. 

 

Figure 12. Tilt angle limits degree and Azimuth limits. 

 

Figure 13. Reference energy in collector plane 
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Table 4. Total power generation of Al-Shuqiq project 

 

 

Figure 14. CO2 emissions saved from Al-Shuqiq site with two axis tracking system 

Table 4 shows the total power generation of Al-Shuqiq 
project is 487311 MWh with performance ratio (80.0%). 

The CO2 emissions saved from this project equal 
307296.752 tCO2 per year, and the lifetime of 
photovoltaic system is between 25 to 30 years. For 25 
years of lifetime the project can save around 7.68 million 
tons of CO2 emissions as shown in Figure 14. Ethe CO2 
emissions was determined to be decreased with an 
estimated power generation for each site is 200 MWp. 

4. Conclusion 

In this work, an analytical study of using PV system 
energy in two sites of Saudi Arabia was presented. The 
work discussed the possibility of connecting the PV 
system with the grid, while calculating the amount of 
reducing carbon dioxide emissions during the production 
of electricity through clean energy. a simulation program 
was used to simulate the installation of PV cells on two 
regions in Saudi Arabia. The possibility to use the tracker 
system to track the sunshine and generate more power 
from PV systems was discussed. The results of this study 
showed that the use of PV systems near the power plants  
 

in two locations in Saudi Ariba will be save the 
dependence of the oil. Moreover, it will reduce the CO2 
emissions. The expected total generated power from Al-
Shuaiba PV station is 368 GW/h without the tracking 
system and 473 GW/h for the tracking system. The 
expected total generated power from Al-Shuqiq PV station 
is 388 GW/h without the tracking system and 488 GW/h 
for the tracking system. 
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