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Abstract Saudi Arabia intends to promote solar power generation as a discipline in most of the country's universities,
as well as large solar projects and renewable energy in general. To achieve solar energy goals, the academic community
of engineers and professors is how conducting a variety of facilities, research projects and analytical studies for all
regions of the country to provide clean energy in the future. As a result, the country's latest solar improvements are
undergoing a period of development for scientific research and analytical studies. This paper is presenting the study of
the means to facilitate the work of projects in the field of solar energy in Riyadh and Jubail Regions, which is to
complete the calculation of the total cost of both stations based on our previously published study. The PVsyst 7.1
simulation software is used to simulate the installation of photovoltaic cells on Saudi Arabia different regions including
as the eastern western coast and the center region. Also, the tracker system may be used to track the sun and create
more electricity from PV systems. The paper presents the design of three-dimensional models of two solar power plants,
one in Riyadh and the other in Jubail, using Sketchup software. Design two-dimensional layouts for both stations on
AutoCAD software. Also Calculating the estimated cost of each power plant.
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solar energy has two technical strengths: one has a zero
operational cost, and the other is that it can be a good

1. Introduction

The need for electricity in Saudi Arabia continues to
increase due to the high standard of living and the growing
population. The problem, however, lies in harmful
emissions from traditional power plants that must be
established to cover that extreme energy requirement. The
current global trend has therefore become a focus on
renewable energy sources to preserve the environment,
increase energy production, and increase economic growth.
The term "green energy" refers to such energy from clean
sources. It contains no environmental damage, preserving
human health and living organisms and preserving the
environment from the damage it may do if we use
conventional energy sources with high carbon emissions
[1]. Solar power comes on top of renewable energies due
to the Saudi Arabia's location and available spaces for
constructing solar power plants, which was the greatest
motivation to perform this study.

1.1. Solar Energy

Solar energy has become an irreplaceable source for the
country that lies in the solar radiation belt because it is a
suitable and renewable alternative and does not carry any
environmental damage. Also, it cannot be forgotten that

solution for isolated areas that the utility could not reach
[2]. There are two basic types of solar energy, as shown in
figure 1, which could be considered as methods of
generation:

a. Photovoltaic (PV) panels.

b. Concentrated Solar Power (CSP).
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Figure 1. Types of solar energy techniques [5]
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1.2. Photovoltaic Panels (PV)

The idea of solar panels is primarily to convert sunlight
into electrical energy, where the energy in light (photons)
is converted into electrical energy (voltage) and is
therefore called the photovoltaic effect [2,3]. As illustrated

P-type Sillcon

in figure 2, the notion of action is very similar to that of
the optical diode. When light falls on the plates, the
energy in the light pushes the electrons in this layer to
travel to another layer, and then the electrons flow
between the two layers, which transfers the electric
current to the load.

Current
M-type Silicon
Junction

Figure 2. Solar panel diagram and the direction of electrons [6]
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Figure 3. Global horizontal irradiation map of Saudi Arabia [1]

2. Solar Energy in KSA

Saudi Arabia's geographical location and enormous
spaces have contributed to creating an environment
conducive to the establishment of solar energy projects, as
the Government of Saudi Arabia immediately turned to and
set up some solar power plants in various places and plans

to establish many plants by 2030. A review of Solar energy
in KSA and the challenges, expectations, and hopes of
Saudi Vision 2030 are presented in this section. Saudi
Arabia's map of the amount of solar radiation shows the
magnitude of the Saudi Arabia's vast wealth of sizeable
solar energy available across the country, as shown in

figure 3. Saudi Arabia is one of the most important Middle
Eastern countries, with the highest annual solar radiation
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rates available. The average annual solar radiation in the
Middle East countries is between 2,100 and 2,200 kWh/m?,

as shown in figure 3 [4]. The average yearly rate of solar
radiation is between 100-200 W/m? in most high-potential
solar regions, while it reaches about 250 W/m? in Middle
Eastern countries. In Saudi Arabia, the average sunlight
available is about 9 hours per day, and it has non-rainy
areas with an average horizontal solar radiation of 5,591
W/m? [5]. Despite the Saudi Arabia's wealth of enormous
solar power, it relies mainly on fossil fuel-based power
plants to meet energy demand. Approximately 56% of the
country's oil and 46% of natural gas are now used for
domestic consumption. To avoid the environmental and
economic damage caused by fossil fuels, Saudi Arabia
wants to use renewable and nuclear resources to produce
energy to meet a large share of the country's energy demand,
which is expected to nearly triple in the next 20 years.

2.1. The Present Situation of Solar Energy in
Saudi Arabia

Saudi Arabia is actively pursuing the implementation of
medium and large solar energy projects on two grounds,
aimed at overcoming the economic and environmental
problems that result from using fossil fuels as the primary
source of electricity generation. Some of these projects are
still under planning and study, and the Saudi Arabia aims
to implement them by 2030; others have already been
implemented, which we will present in this section.

2.2. Layla Solar Power Plant

In 2019, "Tagnia" Energy announced the completion of
the first phase of the Laila Solar Power Plant, which
represents 10 megawatts of the plant's total capacity and is
planned to become approximately 50 megawatts by 2030.

The first phase of the Laila plant, as shown in figure 4, is
720 thousand square meters, the world's first solar-
powered power plant directly connected to the power grid.
Located in Al-Aflaj (300 meters south of Riyadh), this
phase can cover approximately 10% of the region's
electricity requirements. The Layla plant will contribute to
increasing the overall production capacity of the Al-Aflaj
zone while reducing carbon emissions from conventional
energy sources, which will significantly contribute to
environmental protection.

Figure 4. Layla solar power station [6]

2.3. Sakaka Solar Power Plant

According to Saudi Energy Company Aqua, the Sakaka
Solar Project was completed with a total capacity of 300

MW as shown in figure 5. Initially, the terminal was
connected to the network for a pilot phase of commercial
operation. In addition, the knife station provided
substantial employment opportunities for Al-Jawf's youth.

The Renewable Energy Projects Development Office
(REPDO) commissioned the Sakaka Plant for Aqua Power
establishment after it received the contract for the tenders
offered by the Government. The station was set up in an
area of six square kilometers in the Al-Jawf area. This
project is the first of a series of projects planned by Saudi
Arabia under the Saudi National Renewable Energy
Program, which aims to produce 9.5 GW of renewable
energy by 2023 [7].

Figure 5. Sakaka power plant [7]

3. Simulation and Results

3.1. Results for Riyadh Site

The solar energy calculations in this study were made
using PV SYST software besides the Global Solar Atlas. As
a result, measures were accurately made for our study case
sites in Riyadh and Jubail. As shown in Table 1, there is
complete information about Riyadh that could be useful for
designing the solar station. Global Solar Atlas provides this
information. In addition, each piece of information in this
table has detailed information on Global Solar Atlas and
can be easily downloaded. Both the azimuth angle of the
Sun for Riyadh and its location on the map, which has
coordinates of Latitude 24.413684 °N, Longitude
47.008009 °E, and Altitude is 511 m, are shown in Figure 6.

According to the design information on the PV SYST
about Riyadh, the project information shown in Figure 7 is
the software's output. The estimated power output of the
station is 200 MW.

Figure 8 shows the azimuth and tilt angles used in the
program, which are 26° and 0°, respectively. Also, the
number of modules needed is 363636 units with 550 Wp
each to cover the 200 MWp required from the station. In
addition, the station will need 1674 inverter units with
total nominal AC power equal to 167.4 MWac.
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More details about the used inverter and modules are
provided in Figure 9, such that each inverter is Huawei
technologies type model SUN2000-100KTL-M1-400Vac
[9] with nominal power of 100 kW, the number of
inverters used is 1674 units. On the other hand, there are
363636 PV modules with little ability of 550 Wp each;
these modules are proposed by Longi Solar, model LR5-
72 HIH 550 M [10,11,12,13].

As shown in Figure 10, the normalized production (per
installed kWp) for each month is proposed, which clarifies
the total useful power produced (Ys), the system losses
due to the components (L;), and PV losses (L). Finally, in
Figure 11, the Performance Ration (Pg) is proposed,
representing the performance of modules inside the station.

PR is the ratio between useful produced energy and the
total produced energy.

Riyadh station details are proposed in Figure 12 all over
the year.

Each unit and quantity used in the Riyadh project is
estimated in SR and demonstrated in the bill of

quantity in table 2. The total cost of the station is also
calculated in Table 2.

Finally, The CO, emission balance report is illustrated
in Figure 13 to show how many tons of CO, this station
could save and protect the environment from its harmful
damage effect.

Table 1. Map information of Riyadh [8]

Information Abbreviation  value umt
Spectfic photovoltaic power output PVOUT 498-333  kWhikWp
Direct normal irradiation DNI 545-6017  kWhim'
(Global horizontal irradiation GHI 503-650 kWhm'
Diffuse horizontal irradiation DIF 216-244 KWhim'
Global tilted tradiation at the optimum angle  GTLopta  652-698  kWhim'
Alr temperafure TEMP 253-288 °C
The optumum tilt of PV modules 0PTA 3-19 :
Terain elevation ELE 325-1119 m
PVOUT map
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Figure 6. (a) Solar azimuth at Riyadh, (b) location of Riyadh on Map
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Table 2. Total Bill of Quantity BOQ for Riyadh station

BOG
# Item Manufacturer | Product Description Quantity | Unit Unit Price Total
SAR Price SAR.
1 PV Modules
PV Modules Langi Sclar STPE45-MP-BOV 363,638 Unit BET 322 580,323
PV Modules - Spare Langi Sclar STPE45-MP-BOV 1,050 Unit BET 731452
2 Inverters
Inverters Huawei SUNZ000-100KTL-M1 1674 Unit 22177 37,125,000
(400 or
480W)
Inverters - Spare Huawei SUNZ000-100KTL-M1 50 Unit 22177 1,108,871
(400 or
480W)
3 | Mounting Structure
Mounting Structurs Ground Mounted 200,000 | kWp M43 &8, 548,387
Fixed Tilt
4 | Monitoring and Control
Datalogger Huawei Smart logger 30004 30 Unit 241% 72581
Solis
Weather Station Huawei | Meteocontrol Weather 10 Unit 50,000 500,000
Solis Station
5 BOS
51 M\ Components
Transformer Station 3200 kWA 50 Unit 478,000 24,500,000
Switchgear A3 kv 2 Unit 6,000,400 12,000,800
52 C Cables
DC Cables HIS H1Z2Z2- 1x4 mm? 2,260,500 m 4 9,042 000
MC4 MC4 40,700 Unit 11 447 700
53 AC Cables
AT Cables - LW (21200 +{1x70) 103,900 m L] 51,750,000
AC Cables - MV [3x240) 99,200 m B20 B1,344,000
4 Earthing System 3,500,000 3,500,000
L5 LV Panels
L Panels L\ Fanel 2004 1 Unit 8,000,000 8,000,000
1 Security
System
CCTV EQUIPMENT a0 umit 505 40,400
7 Civil Works
71 Fence
Perimeter Fences 39,600 m 310 12,276,000
Fence Gate 4 unit 25,000 100, 000
72 Buildings:
Control building 1 unit 170,000 100,000
Warehouse 1 unit 190,000 190,000
73 Other Civil works
Trench - LV TmXi2m 75,000 m &0 6,000,000
Trench - MV TmX1m 30,000 m 10 300,000
Waste Management 1 Unit 50,000 50,000
System
Fire alarm 1 Unit 200,000 200,000
installation 200,000 kWp 120 24,000,000
Total Price (SAR) 665,307,513
Project summary
Geographical Site Situation Project settings
Riyadh Latitude 2441°N Albedo 0.20
Saudi Arabia Longitude 47.01°E
Altitude 11m
Time zone UTC+3
Meteo data
Riyadh

Meteonorm 7.3 (1998-2002), Sat=100% - Synthetic

Figure 7. Summary of Riyadh power station
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System summary
Grid-Connected System Ground Mounted Solar PV
PV Field Orientation Near Shadings User's needs
Fixed plane No Shadings Unlimited load (grid)
Titt/Azimuth 26/0°
System information
PV Array Inverters
Nb. of modules 363636 units Nb. of units 1674 units
Pnom total 200.0 MWp Pnom total 167 4 MWac
Pnom ratio 1.195

Figure 8. Summary of systems' information on PV SYST

PV Array Characteristics

PV module Inverter

Manufacturer Longi Solar Manufacturer Huawei Technologies

Model LR5-72 HIH 550 M Model SUN2000-100KTL-M1-400Vac
(Criginal PVsyst database) (Original PVsyst database)

Unit Nom. Power 550 Wp Unit Nom. Power 100 kwac

Number of PV modules 363636 units Number of inverters 1674 units

Nominal (STC) 200.0 MWp Total power 167400 kWac

Modules 25974 Strings x 14 In series Operating voltage 200-1000 Vv

At operating cond. (50°C) Max. power (=>30°C) 110 kWac

Pmpp 182.8 MWp Pnom ratio (DC:AC) 119

U mpp 527 V

I mpp 347076 A

Total PV power Total inverter power

Nominal (STC) 200000 kWp Total power 167400 kWac

Total 363636 modules Nb. of inverters 1674 units

Module area 929471 m? Pnom ratio 1.19

Cell area 843054 m?

Figure 9. Detailed PV and inverter characteristics of Riyadh project

19 | | | | | | | | T T
L Lc: Collection Loss (PV-array losses) 1 KEWhikWp/day 4
Ls: System Loss (inverter, ...) 0.23 KWh/kWp/day
8 - —]

¥ Produced useful energy  (inverter output) 5.51 KWhikWpiday

MNormalized Energy | KWh/EWp/day]

Jan  Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec

Figure 10. Normalized production for each month in Riyadh station
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PR: Performance Ratio (Y /Yr) © 0.817
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Figure 11. Performance ratio for the monthly modules at Riyadh station

GlobHor DiffHor T_Amb Globlinc GlobEff EArray E_Grid PR

kWh/m* kWh/m* °C kWh/m? kWh/m? MWh MWh ratio
January 1371 379 13.89 189.6 181.7 34292 31404 0.828
February 145.0 50.5 1718 1795 1721 31943 31210 0.869
March 184.4 727 2232 2053 196.5 35755 34922 0.851
April 203.2 83.5 27.47 2051 195.6 34928 34117 0.832
May 2323 92.4 33.85 216.3 2059 35809 34974 0.809
June 2330 104.4 3577 210.0 199.6 34443 33641 0.801
July 2316 88.0 37.51 211.3 2009 34483 28594 0.676
August 2206 90.0 37.49 215.2 205.1 35095 34287 0.797
September 203.8 517 33.49 220.0 2103 36349 35490 0.806
October 1847 429 28.64 2238 2143 37730 36835 0.823
November 139.2 384 20.88 186.2 178.6 32738 31979 0.859
December 136.9 293 15.83 196.8 188.8 35221 34416 0.874
Year 22519 7817 27.08 24592 23496 418785 401868 0.817
Legends
GlobHor Global horizontal irradiation EArray Effective energy at the output of the array
DiffHar Harizontal diffuse iradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globlnc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings

Figure 12. Main results of Riyadh station
Total: 74140214 tCO-

Generated emissions

Saved CO: Emission vs. Time

Total 358211.74 tCO-=
Source: Detailed calculation from table below:
Replaced Emissions 8000000_"“I"" rrTTrTTTTTTTTT T T T
Total: 89576384 tCO-2 7000000 |- al
System production: 401868.03 MWh/yr I E
Grid Lifecycle Emissions: 743 gCO2/kWh 6000000 B 7]
Source: |EA List 5000000 ]
Country: Saudi Arabia 3 4000000 ‘_ _‘
Lifetime: 30 years m | i
Annual degradation 1.0% % 3000000 —
= 2000000 .
1000000 - -
7
1000000 b L L L
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3.2. Results for Al-Jubail Site

Veamr

Figure 13. CO, emission balance of Riyadh station

There is a tiny difference between Al-Jubail and Riyadh
in monthly energy production as shown in Figure 16,

performance ratio as shown in figure 17, main results as

The exact Project details, PV, and inverter specs are
used for the same rating station 200 MWp in Al-Jubail.
The slight difference will be in the tilt angle and, for sure,

the station's location, as shown in Figure 14 and figure 15.

shown in Figure 18, and the Co, emission balance as
shown in Table 3. Also, there is a slight difference
between the BOQ for Riyadh and Al-Jubail as shown in
Table 4.
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Geographical Site
Al Jubayl Industrial City
Saudi Arabia

Meteo data
Al Jubayl Industrial City

Project summary
Situation Project settings
Latitude 27.09°N Albedo 0.20
Longitude 49.57 °E
Altitude 7m
Time zone UTC+3

Meteonorm 7.3 (1998-2002), Sat=100% - Synthetic

Figure 14. Summary of Al-Jubail station

PV module
Manufacturer
Model
(Criginal PVsyst database)
Unit Nom. Power
Number of PV modules
Nominal (STC)
Modules
At operating cond. (50°C)
Pmpp
U mpp

| mpp

Total PV power
Nominal (STC)
Total

Module area

Cell area

PV Array Characteristics

Inverter
Longi Solar Manufacturer
LRS-72 HIH 550 M Model

Huawei Technologies
SUN2000-100KTL-M1-400Vac

(Original PVsyst database)

550 wWp Unit Nom. Power
363636 units Number of inverters
200.0 MWp Total power

25974 Strings x 14 In series Operating voltage

Max. power (=>30°C)

182.8 MWp Pnom ratio (DC:AC)

527 V

347076 A
Total inverter power

200000 kWp Total power
363636 modules Nb. of inverters
929471 m? Pnom ratio
843054 m?

100 kWac
1674 units
167400 kWac
200-1000 V
110 kWac
1.19

167400 kWac
1674 units
1.19

Figure 15. Details of PV arrays and inverter characteristics for Al-Jubail station

Mormalized Encrgy [kWh/kWp/day]

Jan

[ | [ |
Lc: Collection Loss (PV-array losses)
Ls: System Loss (inverter, ...)
¥f: Produced useful energy (inverter output) &

Feb Mar Apr May Jun Jul

1.2 KWh/kWp/day 1
0.27 kWh/EWp/day _
A h/kWp/day

Aug Sep Oct Nov Dec

Figure 16. Normalized production per installed kWp for Al-Jubail station monthly
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Figure 17. Performance Ratio of Al-Jubail station for each month
Table 3. Main results for Al-Jubail station
GlobHor DiffHor T_Amb Globlnc GlobEff EArray E_Grid PR
kWh/m? kWh/m? °C kWh/m? kWh/m? MWh MWh ratio
January 1236 399 14.54 2246 2171 39941 36329 0.820
February 116.2 622 16.77 163.9 157.9 29134 28489 0.869
March 1562 842 2140 2023 194 9 35208 34409 0.850
April 180.3 929 2647 2218 2137 37709 36341 0.831
May 199 6 1038 3277 2407 2320 39905 38996 0810
June 2004 107 3 3542 2370 2284 38861 37980 0.801
July 2273 103.2 37.23 278.8 269.1 44996 37620 0.675
August 2139 99.5 36.56 2657 2563 43028 42031 0791
September 195.3 572 32.59 2757 266.5 45091 44009 0.798
October 1651 56.3 28.92 2541 2455 42447 41443 0.816
November 1296 403 2207 2223 21438 38207 37287 0.839
December 116.5 382 16.85 2141 206.9 37732 36843 0.860
Year 2023.9 885.1 26.86 2801.0 27031 472261 452776 0.808
Legends
GlobHor  Global horizantal irradiation EArray Effective energy at the output of the array
DiffHor Honzontal diffuse iradiation E_Gnd Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globlne Glabal incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
Total: 7116156.9 tCO2
Generated emissions Saved CO: Emission vs. Time
Total: 35821174 tCO2
Source Detailed calculation from table below:
Replaced Emissions 8000000 (=TT T T T T
Total: 8410314.2 tCO2 7000000
System production: 452776.00 MWh/iyr
Grid Lifecycle Emissions: 743 gCO/KWh 6000000
Source IEA List _ 5000000
Country: Saudi Arabia 3
o Z. 4000000
Lifetime: 25 years -
Annual degradation: 1.0 % = 3000000
= 2000000
1000000
0
.1000000 L 1 L L ‘ Ll L L I L L L L | L 1 L L ‘ L L 1 L

5 10 15 20 25
Year

Figure 18. CO, emission balance caused by the Al-Jubail station
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Table 4. Bill of Quantity for Al-Jubail station

BOO
¢ Item Manufacturer Product Description ouantity | uni [ UMEPrice [ Total Price
SAR S4R
1 PV Modules
PV Modules Longi Solar STP345-MP-BDV 363,636 Unit BET 322,580,323
P nodules - Spare Longi Solar STP345-MP-BDV 1,050 Unit BET 931,452
2 Inverters
Inverters Huawai SUNZ000-100KTL-M1 (400 or 1674 Unit 22177 37,125,000
480v)
Inwerters - Spare Huawai SUNZ000-100KTL-M1 (400 or 50 Unit 22177 1,108,871
480)
3 Mounting
Structure
Duel Axis Tracker (120/-120) EW , [ 0/BO) tilt 36,364 | kwp E98 32,654,672
Structure angle
4 Monitoring and
Control
Datalogger Huawei smart logger 30008 30 Unit 2,419 72,581
Solis
Wieather Station Huawei Meteocontrol Weather 10 unit 50,000 500,000
Solis Station
5 BOS
51 MV Components
Transformer Station 3200 kva 50 Unit AGCE, 000 24,000, 000
Switchgear 33 kv 2 Unit 5,000,400 12,000,800
5.2 DC Cables
bC Cables HIS H1Z2Z2- 1x4 mm® 2,760,500 m 4 11,042 000
mMCca raca 40,700 unit 11 447,700
53 AcC Cables
AC Cables - Ly {3x120}+ 1x70) 103,500 m 500 51,950,000
AC Cables - BV [3x240] 99,200 m 820 E1,344, 000
5.4 Earthing System 3,500,000 3,500,000
55 LV Panels
L Fanels L Panel BO0& 1 Uit £/000,000 8. 000,000
[ Security
cln:r'.f EQUIPMENT B0 unit 505 40,400
7 Ciil
Wiorks
71 Fence
Perimater Fence 39,500 m 310 12,375,000
Fence Gate 1 unit 25,000 100, 000
7.2 Buildings
control building 1 unit 150, 000 150, 008
wareghouse 1 unit 100,000 190,000
7.3 Cther Civil
waorks
Trench - LW 1mX1.2m 75,000 m 80 6,000,000
Trench - MV imxXim 30,000 m 10 300 00
Waste Management 1 unit 50, 000 50,000
System
Fire alarm 1 Unit 200, 000 200, 000
installation 204,000 kwp 120 24 000,000
Total Price | SAR) 626,103 099

4. 2D and 3D Layouts of Both Stations

It was vital to design the solar power station on any
three-dimensional software like 3D-MAX or SketchUp to
imagine the total layout of the station and search for the
availability of applying this design in real life. This
chapter will show the 3D design of both stations, Riyadh
and Al-Jubail. Because of the large number of PV panels
for each station, the 3D simulation was hard to execute as
many details will be fuzzy and hard to detect. So, in the
3D model, we will represent only 10MW, and a total of
200MW will be represented by a 2D model using
AutoCAD software.

4.1. Riyadh Station

As shown in Figure 19, the panels have a fixed-tilt
mounting structure, and the array pitch N-S is 12 meters.
In addition, the total number of modules is 363636, with
550 Wp for each module. Each module weighs 27 kg, and
its dimensions are 2256x1133x35 mm. The number of
transformers used in this station is 50 units with a capacity
of 3200 KVA and an energy yield of 401868 MWh, as

shown in figure 20. The solar panel manufacturer is Longi
Solar, and the model’s name is LR5-72550M with an
efficiency of 21.5%. It should be highlighted that
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the inverter model name is SUN200-100KTL-M1, and its
type is Smart String Inverter supplied by Huawei
Technologies, shown in Figure 21. The other dimensions
are 1035x700x365 mm, it weighs 90 kg, and the nominal
power of each inverter is 100 KW shown in Figure 22.

Figure 19. Riyadh PV station view 1

Figure 20. Riyadh PV station view 2 - Transformer

Figure 21. Riyadh PV station view 3 - Inverter

Figure 22. Riyadh PV station view 4

For a complete design, a 2D layout design of the
whole station 200 MWp is done on AutoCAD as shown
in Figure 23.

TP

Figure 23. 2D layout of Riyadh PV station

4.2. Al-Jubail Station

Al-Jubail station maybe is like Riyadh station in many
specs, but the main difference between them in 3D
simulation is that Al-Jubail station has a dual-axis tracker
structure, as shown in Figure 24. The number of tracker
units is 25974, the number of PV modules is 363636 with
25974 strings, and the distance between trackers is
30 x 30 m. Inverter with same specs of Riyadh station is
used here as shown in Figure 25. Solar panels with the
same specs of Riyadh station are used here as in Figure 26.

Figure 24. Al-Jubail PV station view 1

Figure 25. Al-Jubail PV station view 2 - Inverter
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Figure 26. Al-Jubail PV station view 3 - Panels

A comparison between the fixed-tilt option and dual
tracker is shown in Figure 27. It could be demonstrated
from this comparison that using a dual-axis tracker is
more expensive by 32% than the single tracker for only a
15% increase in energy output. Although the area of the
dual axis is 14 times larger than the single tracker area, the
dual tracker's maintenance cost is very high.

COMPARISON BETWEEN SINGLE AND
DUAL TRACKER STATIONS

W Fixed Tilt Option Dual Axis Option

2,500,000
COST [SAR) ENERGY YIELD MAINTENANCE
[MWH) [SAR/YEAR)

Figure 27. Comparison between single and dual tracker stations

5. Conclusion

There are enormous non-rainy spaces in Saudi Arabia,
which with intense solar radiation inside Saudi Arabia that
exists all the time, represent a national wealth. In addition,
this wealth represents the Saudi Arabia's economic safety
in the challenging future. Therefore, Saudi Vision 2030 is
a crucial step on the road to renewable energy within
Saudi Arabia. The search for the most suitable places to
construct solar power plants is a burden for scientific
research teams within Saudi Arabia, which must continue
to work tirelessly to help the Government implement its
plan in 2030. Riyadh and Jubail are vital areas where solar
power plants can quickly be built to cover these areas'

electricity needs and provide clean energy, reducing
environmental and economic damage that can be done
with traditional power plants. The establishment of
stations elsewhere could contribute to more research
enrichment that could result in implementing one of those
projects on the ground. In addition, it is possible to study
the establishment of medium or small stations and
research the feasibility of linking them to the grid or their
isolated presence to cover a remote part and provide it
with the necessary electrical power. The subject of solar
energy is a new topic in Saudi Arabia. However, it can be
studied on a broader scale as it contributes to the country's
energy supply and job creation for young people.
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