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Abstract: This research applies the suggested photovoltaic solar system design to Jordan’s Al-Balqa
Applied University. Twelve of the twenty-four college buildings are located on the main campus,
while the remaining twelve remote colleges are dispersed throughout Jordan’s many geographic
locations, ranging from the far north to the far south. Azimuth angle, irradiation effect, building size,
location, power consumption, and student population are all taken into account in the suggested
design. Additionally, in-site generation and remote-wheeling generation are two types of solar system
installation designs that are taken into consideration. A method for calculating the optimal location of
remote-wheeling generation is proposed based on the centroid mass theory. The proposed method is
applied in four scenarios. The first three scenarios are single-point, two-point, and three-point centroid
locations. The fourth scenario is based on three single points, considering the power distribution
regions in Jordan, which cover three regions. The results of the four scenarios will be discussed and
demonstrated along with a comprehensive comparison between in-site generation, single-centroid-
point remote-wheeling generation, and three-centroid-point remote-wheeling generation.

Keywords: PV solar cell energy management; renewable energy design

1. Introduction

Global population growth, political unrest, and fast economic expansion have all been
occurring in recent years. However, because of regional differences, some nations have a
bigger impact than others. In Jordan alone, the population level is growing by 3.6% [1] and
is expected to reach around 11,642,859 according to [2]. This massive increase in population
is due to the ongoing conflicts in the Middle East, where Jordan serves as a safe haven
as refugees flee from neighboring countries, such as Syria and Iraq. As a result, Jordan’s
energy security is a high-priority issue, especially with the lack of conventional energy
sources in Jordan [3]. The International Energy Agency (IEA) defines global energy security
as predicated on the availability of resources and fair prices [4], yet 96% of Jordan’s electrical
power generation is derived from the importation of fossil fuels from other nations [5].

Nevertheless, the tensions and political conflicts in the Middle East area have worsened
the energy situation in Jordan. However, as a part of the strategy plans for 2035, as
in [3], Jordan’s reliance on conventional fossil fuels should drop by 37% by increasing
its dependency on alternative renewable sources, which form 11% of Jordan’s source of
energy at present. Meanwhile, environmentally, PV solar energy has a particularly positive
impact on the environment, emissions reduction, and environmental sustainability [6-8].
By converting solar radiation energy into electrical power, PV power produces zero air
pollutants and greenhouse gases. A significant reduction in carbon footprint compared
to fossil fuel-based energy can be achieved. That is, as PV solar energy is abundant and
inexhaustible, it represents a reliable long-term source for clean energy production that can
be extended by investing in such energy conversion. In addition, PV solar power systems
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have a minimal environmental impact when installed, requiring no fuel extraction, refining,
or transportation, which helps preserve natural ecosystems and reduces the strain on finite
resources. Additionally, as technology improves, PV systems will become more efficient,
further enhancing their role in promoting environmental sustainability [9,10].

A PV generation system has three main types of installation, in-site generation (ISG),
as shown in [11,12]; remote wheeling generation (RWG), as shown in [13]; and a PV-
Generation-Only Station (GOS), as shown in [14], and all of these types are utilized in Jordan.
While the price and purpose of each type vary based on power consumption, generation
type, location, and load demands, ISG is a common setting for establishments with large
areas in one single location. In Jordan, ISG is commonly used at private universities,
such as Philadelphia University, Jerash University, and Al-Zerqa Private University. In
addition, some public universities, such as Hashemite University, Mutah University, and
Tafila Technical University, also use ISG. Other large companies, such as Al-Bashir Hospital
and Capital Bank, also use this type of on-grid connection. Meanwhile, the second type of
PV generation, RWG, is based on producing electrical energy in remote locations, while
consumption occurs somewhere else. This type of project is common in Jordan, such as
establishments with multiple locations spread across large geographical areas, and it is
common in places where it is hard to implement ISG due to area limitations [15].

Examples of RWG in Jordan can be found in banks, such as Arab Bank; communi-
cations companies, such as Orange Communications; and hotels, such as Crowne Plaza
Jordan and Dead Sea Spa. Another example where RWG is implemented is the Applied
Science Private University (ASU), where remote generation is used due to the huge area
required in crowded locations [16]. Therefore, as the transformation of the source of energy
is increasingly moving toward renewable energy [17,18], several companies in Jordan
have invested in PV generation since 2015. Starting with a 10 MW PV station installed
by the private sector, at present, there are several high-power plants, such as the 200 MW
Baynouna Solar Power Plant and the 160 MW Shams Ma’an Solar Power Plant [19]. That
is, over the last decade, Jordanian PV on-grid connections formed around 15% of the total
power generation, as large consumers and investors consider PV generation the future
energy strategy with short payback investments [20]. In [21], the return on investment for
PV designs in Jordan was investigated, and it was concluded that the payback period was
around 3.8 to 4.6 years.

In [22,23], as solar energy forms a unique cost-effectiveness strategy compared to
conventional fossil fuels, many researchers have investigated the most efficient system
design and installation. Some have discussed PV designs in terms of sizing, grid connection,
and metering type, as in [24]. Meanwhile, numerous works have focused on PV solar cells’
location and meteorological measurements, providing an analytical approach based on the
electrical parameters of the power grid, as in [25,26]. In [27], the Genetic Reinforcement
Learning Algorithm (GRLA) and deep learning were introduced as energy management
strategies by proposing hybrid attention-enhanced GRU for correct solar predictions and
for exploring the peek output setting. Others have addressed the sharing and allocation of
energy issues based on theoretical simulations [28].

Nonetheless, other systems have been implemented based on their standards for
impartiality, even though the sharing system hasn’t been applied to real systems [29,30].
As a result, considering the works that have been conducted in this field, no study has
focused on large consumers with multiple locations scattered across different electrical
distribution regions. Thus, this work analyzes real-time consumer demands and geographic
characteristics. In addition, in this work, centroid mass theory is used to calculate the
optimal location for energy generation and to provide simple calculations with acceptable
accuracy, as it has not been used in this context before.

Meanwhile, as the load centroid algorithm is applied in IEEE 13-bus [31], IEEE 33-bus,
and IEEE 69-bus, as in [32], the load centroid algorithm is widely applied in distribution
networks to locate distribution generation (DG) with energy loss minimization, voltage
stability, and optimum power flow. The proposed location method for power generation
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and distribution was applied in earlier works with several scenarios of centroid points. Yet,
in [33], the location technique for PV solar cells was applied as a real case study in rural
regions of Australia using a data mining algorithm. In [34,35], the IEEE 33-bus case study
to locate the PV solar cell was applied using the Modified Reptile Search Algorithm (MRSA)
and Particle Swarm Optimization (PSO). As a result, it was clear that the centroid mass
algorithm technique was not used in previous PV solar cell locations as this work proposed.

One of Jordan’s largest public universities, Al-Balqa Applied University (BAU), has
twelve internal colleges and twelve external colleges distributed throughout the country;
Figure 1 depicts the approximate locations and dispersal of these colleges. This paper’s
suggested PV design is based on BAU. The location of the college’s buildings determines the
optimal design for PV on-grid ISG and RWG, taking into account the effects of temperature
and radiation.

Irbid University College
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Ajloun University-College .
Zarka University College
Princess Rahma University College ‘ ‘

'Fac Ity of Engineering Technolo
Main Campus ‘ L2y oI 9 0¥

Princess Alia University College N
W E
' Karak University College
Amman University College for S
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‘ Maan University College
Agaba University College

Kingdom of Hashemite Jordanian

Figure 1. Al-Balga Applied University—main campus and external colleges.

2. Methodology

Due to Jordan’s small and uncomplicated national grid [36], the country’s electrical
distribution businesses are split up into three regions [37]. As shown in Figure 2, these
regions consist of the North (Irbid Distribution Electrical Company (IDECO)), Middle
(Jordan Electric Power Company (JEPCO)), and South (Electricity Distribution Company
(EDCO)) [36,38]. Yet, most of the electrical power is consumed by the middle region which
contains the capital of Jordan (Amman) and covers the largest industrial plants in Jordan.
Meanwhile, with transmission lines of 400 KV and 132 KV covering the entire country,
the government of Jordan takes full responsibility for operation, security, and maintaining
efficiency through the National Electric Power Company (NEPCO). On the other hand,
BAU has a unique characteristic of scattered colleges around the country; BAU has faculties
on the three distribution networks and pays electrical bills based on the faculty location
region requirements. Therefore, since BAU is the only university in Jordan with so many
widely distributed campuses, this work intends to generalize the proposed design to a
widely affected area.
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Middel region

Southern region

Figure 2. Electrical distribution region in Jordan.

With 12 internal colleges and 12 external colleges, as illustrated in Table 1, this work
proposes a practical PV design for BAU based on faculty approximated location, student
number, and power consumption per campus. With 25,430 students, around 7624 students
attend the main internal campus, forming 30% of the total number of BAU students. Based
on a previous study, back in 2019, BAU required 12 MW of PV panels using ISG [19].
However, in this work, to estimate power consumption by each faculty, a calculation of
the student percentage of each faculty will indicate the amount of power required. This
methodology is used in designing ISG and RWG, as presented in the following sub-section.

Table 1. BAU internal and external colleges.

College Number of Power PV Required
College Name Locateg d Latitude Longitude Students Consumed (M%V)
(at 2023) (%)
1 Faculty of Graduate Studies Internal 32.02515898 35.71677215 273 1.096 0.13152
2 Faculty of Medicine Internal 32.02515898 35.71677215 600 2.409 0.28908
3 Faculty of Engineering Internal 32.02515898 35.71677215 1120 4.4974 0.539688
4 Faculty of Nursing Internal 32.02515898 35.71677215 800 3.212 0.38544
5 Faculty of Science Internal 32.02515898 35.71677215 708 2.843 0.34116
6 Faculty of Business Internal 32.02515898 35.71677215 1480 5.943 0.71316
7 Faculty of Human Sciences Internal 32.02515898 35.71677215 1468 5.8949 0.707388
Prince Abdullah bin Ghazi
8 Faculty of Information and Internal 32.02515898 35.71677215 516 2.072 0.24864
Communication Technology
9 FaC““i’%Zﬁ JTechnological Internal 3202515898 3571677215 512 2.056 0.24672
10 Salt Technical College Internal 32.02515898 35.71677215 88 0.3534 0.042408
11 Artificial Intelligence College Internal 32.02515898 35.71677215 92 0.3694 0.044328
12 Law College Internal 32.02515898 35.71677215 240 0.96374 0.1156488
13 Huson University College External 32.48731073 35.88983552 1820 7.3084 0.877008
14 Irbid University College External 32.54614275 35.86205624 2688 10.7939 1.295268
15 Ajloun University Co.llege External 32.31807408 35.75208694 1924 7.726 0.92712
16 Faculty of Engineering External 3199380503 36.01731455 2940 11.8058 1.416696
_ Technology
17 Prmcessgolllfe gem"ers"ty External 31.96510614 35.89702225 1376 5.52543 0.6630516
18 Zarka University College External 32.05301501 36.09282319 1732 6.955 0.8346
19 Princess Rggﬂn;ag eUn“’erS”Y External 3211071312 35.73815459 1200 4.8187 0.578244
g9 AmmanUniversity Collegefor g0y 3p03731051  35.95663113 112 44653 0.535836
Banking and Financial Sciences

21 Karak University College External 31.16483039 35.74657866 1626 6.52933 0.7835196
22 Shobak University College External 30.49596666 35.52697523 132 0.53 0.0636
23 Ma’an University College External 30.24549202 35.68824331 488 1.9596 0.235152
24 Agaba University College External 29.56747972 35.02161724 768 3.084 0.37008




Sustainability 2024, 16, 9385

50f18

2.1. Design of In-Site Generation (ISG)

While all of the BAU faculties are connected to the main distribution networks and
national grid, Jordan’s net-metering on-grid offers a bidirectional energy meter for pro-
sumers. As the ISG depends on the in-site area and the azimuth angle of each faculty, the
approximation of annual power provided by each PV can be calculated. As a result, the
number of PV panels and the annual PV power generation can be determined. Based on
the output results, additional PV panels may be needed in selected faculties, while others
may have extra generation. In Table 2, an illustration of the area and azimuth angle of
each faculty of BAU will be presented. As shown, the main campus has sixteen isolated
buildings. Each building has a different area and azimuth angle. Due to area limitation,
the monocrystalline PV type is usually used for rooftop applications as PV location affects
PV design.

Table 2. BAU faculty building number, area, azimuth, and estimated PV annual generation.

PV Max
ColegeName Rilding  Arsy Asimuth - Avnusl Building
(kWhy)
1 723 15 216,552
2 815 0 289,879
3 471 0 167,525
4 2120 0 754,041
5 967 0 343,942
6 2458 45 460,137
7 680 0 127,296
i Main Campus 8 680 0 127,296
9 500 21 138,528
10 460 0 163,612
11 1141 15 341,752
12 1342 35 301,466
13 975 7 321,235
14 2711 31 649,599
15 1796 31 430,350
16 1872 9 602,754
Al-Huson
2 University 1 4180 5 1,408,492
College
1 2136 8.8 689,357
3 Irbidcglrl‘é‘;r“fy 2 518 8.8 167,175

3 635 8.8 204,935
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Table 2. Cont.

PV Max
Building Area Azimuth Annual 1.
College Name Number (m?) (Degree) Generation Building
(kWhy)
1 714 23 192,471
Ajloun
4 University
College
2 557 115 174,131
1 1353 0 481,235
2 424 2 147,633
Faculty of 3 2731 24 725,965
5 Engineering
Technology 4 1059 42 210,139
5 740 8.4 239,930
6 4905 3 1,689,517
1 1352 15 404,951
Princess Alia
6 University
College
2 672 15 201,277
1 511 37 110,964
2 1650 37 358,300
Zarka
7 University
College
3 1430 37 310,527
4 1104 37 239,735
1 717 3 246,969
2 1158 3 398,870
Princess Rahma 3 483 3 166,368
8 University
College 4 295 3 101,612
5 400 3 137,779
6 353 3 121,590
1 456 0 162,190
A
Univereity 2 785 0 279,208
9 College for
Banking and 3 357 0 126,977
Fir}ancial
Sciences 4 498 177,128
5 1123 399,428
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Table 2. Cont.

PV Max
Building Area Azimuth Annual 1.
College Name Number (m?) (Degree) Generation Building
(KWhy)
1 1696 7 558,784
2 786 7 258,964
Karak 3 340 7 112,020
10 University
College 4 794 7 261,600
5 339 7 116,961
6 552 7 181,868
7 558 7 183,845
1 250 0 88,920
2 266 0 94,610
3 400 0 142,272
Shobak
11 University
College 4 1052 0 374,175
5 1715 0 609,991
6 372 0 132,312
7 665 0 236,527
1 2172 15 650,557
Ma’an
12 University
College
2 621 15 186,001
1 441 6 146,948
Aqaba
13 University 2 357 6 118,958
College
3 1588 6 529,147

Building numbers are from left to right; all figures from Google were north orientation to the upside.

In PV design, the daily hours per year at STC are found to be around 5.5 h. Yet, with
a typical climate of 310 sunny days, Jordan averages a minimum of 6.5 h of irradiation
in the worst case as of December and a maximum of 13 h of irradiation in July [39]. In
addition, with the common efficiency (1py) of the PV monocrystalline at approximately
18%, and the effective azimuth angle, from true south to 90 degrees deviation, between
5% and 20% [40], the proposed design is set for a maximum azimuth angle of 45 degrees.
As a result, the maximum power generation of each college can be determined using the
following formula:
E = A ITqverage * 1pv * P.F 1
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Azimuthgpge + 5

100 @
where E is the annual energy, A is the available area, I74verage is the average irradiation
depending on the country (in Jordan: 2200 kWh/m?2.y), 17py is the efficiency of solar panels
depending on the Azimuth,, 4, and the effect of the Azimuth angle on the solar cell, and
PR. is the PV performance ratio (default value: 0.8).

npy = 0.18 %

2.2. Remote Wheeling PV Design

In RWG, the PV generation of the total demands of BAU is produced in a single
location. The optimum location of PV is calculated using the centroid of mass theory. The
method of centroid two demands is between two demands, where the weight (W) of both
demands is affected. On the other hand, the PV generation location effect negatively affects
the final centroid location. Figure 3 presents three demands, and single generations are
located separately. The centroid of two points, 50% and 30% of demands, is located in the
same line between two points closer to two high demands.

Figure 3. Centroid mass theory of three demands and one generation location.

By adding another demand point such as another faculty of BAU, 20% of total demand
will occur. In addition, the final centroid point may move toward new demand. Suppose
a PV generation station covers 20% of total demand and is connected. In that case, the
centroid point moves toward the opposite direction of the PV generation point; note
that the generation point should be in a negative sign. The centroid of mass theory uses
two-dimension equations, x-axes and y-axes, as the following equations:

n
Z Wn Ln,x
Ly = 1,17 ©)
L Wau
1
n
L WLy
L, = 4)
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where L, and L, are the x-axes and y-axes of the final location of the centroid of mass

theory, Wy, is the demand percentage based on the total demands, and L, x and Ly, y are the
x-axes and y-axes’ nth demands. It is worth mentioning that the x-axes and y-axes are the
longitude and latitude of each faculty. Based on this, the multi-location of BAU faculties
is used in Table 1 with its power percentage, and the program’s flowchart is presented in
Figure 4. The final results of Table 1 data used in the Figure 4 methods are 31.9644° latitude

and 35.8072° longitude, where 12 MW PV power is required.

Insert first faculty data
(longitude, latitude, power

Initiation
percentage)

Use the following library
<iostream>, <vector>

\

!

Insert another faculty data
(longitude, latitude, power
percentage)

t No
-

Figure 4. Flow chart for centroid mass theory of multi demands and generations.

Calculate the final location Finished all faculty
(Lx, Ly)

After the centroid of a single point is located and weighted as presented previously,
the centroid design using two points or more can be determined. The methodology of two
points and more is focused on a single point (centroid), whereas in centroid mass theory,

the center point provides an equilibrium weight result. Figure 5 illustrates centroid power
generation, showing two-point and three-point configurations, providing half and one-
third power, respectively. These points are positioned opposite one another, corresponding

to the location and magnitude of a single centroid’s demand.

D1: Distance of centroid two point

H

D2: Distance of centroid three point
D2
l: I’
D1
Centroid
oint
D2 ...\ P
- ~D1 ~.D2

Figure 5. Division of the centroid point of PV into two or three locations.
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As a result, by applying two or three centroid points, the transmission line of 400 KV
and 132 KV in Jordan is illustrated in Figure 6. Meanwhile, if the centroid point has
difficulty installing the PV station due to price effects, limited area, rough terrain, or long
distance from the transmission line, a multi-location design is proposed to divide the
centroid point into two or more points. The new points can be equal, and the distance
between the centroid and the latest points can be changed.

/@ Centroid three point
/ © Centroid two point
\y / (© Centroid single point
& == 400KV transmission line

\/ 132KV transmission line

Figure 6. The transmission lines of 400 KV and 132 KV in Jordan are also the single-, two-, and
three-centroid points of the proposed RWG PV design [38].

Figure 6 presents an approximate two opposite generation point that could be used
and connected to 400 KV. The two points are equal in demand and distance. Several
two-point designs can be connected in 400 KV or 132 KV. Meanwhile, a three-centroid
points design is presented by connecting to a 132 KV transmission line. That is, while the
connecting of the three centroid points design in 400 KV is limited due to the transmission
line zone, the proposed three centroid points should be equal to the one-point centroid in
the 132 KV transmission line. The proposed three- and two-centroid points are calculated
without considering the regional electrical distribution limitations and challenges.

The following section presents the optimizing case study of ISG and RWG. In addition,
a brief discussion of the effect of the proposed design on temperature, irradiation, and the
national grid will be presented.

3. Case Study Results
3.1. ISG Design

As all available BAU buildings were used, the total generation of ISG was found to be
around 19,272 MW, as presented in Table 2 for the rooftop design. However, 30,196 MWh
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is BAU’s annual electrical power demand, and the PV design in several faculties cannot
meet the demand, as presented in Table 3. As covered and uncovered faculty rooftops
present challenges in PV design, an additional area may be required for each faculty due to
a covered rooftop and lack of roof space. Area sizing was determined using Equation (1),
and the results are illustrated in Table 3.

Table 3. PV generation of each faculty of BAU.

PV Annual = by pequired Additional 4 gitional
College Name Generation (MW) State PV Area(m2)
(MWhly) (MW)

1 Main Campus 6373 3.8052 Uncovered 1.349 9368

2 Al-Huson University College 1584 0.877 Uncovered 0.2678 1859

3 Irbid University College 1194 1.295268 Uncovered 0.8359 5805

4 Ajloun University College 412 0.92712 Uncovered 0.7686 5337

5 _ Faculty of 3931 14167 Covered : -

Engineering Technology

6 Princess Alia University College 7344 0.663 Covered - -

7 Zarka University College 1146 0.8346 Uncovered 0.0938 651

8 Princess Rahma 1319 0.578244 Uncovered 0.071 493

University College
9 Amman University College for 1288 0.535836 Uncovered 0.04 278
Banking and Financial Sciences

10 Karak University College 1674 0.7835 Uncovered 0.1396 969

11 Shobak University College 1678 0.0636 Covered - -

12 Ma’an University College 836 0.235 Covered - -

13 Aqaba University College 795 0.37 Uncovered 0.06423 446

As a result, an extra area of 25,206 m? is required for PV solar cells based on the calcu-
lation as the azimuth angle is truth south. It is worth mentioning that more than 80% of the
required area is located between three faculties, the main campus, Irbid University College,
and Ajloun University College, and these faculties are located in the north distribution
network. Two design techniques can be considered to cover all faculties. While the first
technique adds an extra area per building for each faculty, the second adds a centroid area
of all of the uncovered roof faculties based on power demand, location, and solar angle.

If the distribution region is considered, the faculty should be classified north, middle,
and south, as presented in the following sub-section where three single-point centroids
are found.

3.2. RWG Based on Three Regions

As the power distribution in Jordan is divided into three regions, Huson University
College, Irbid University College, and Ajloun University College are connected to the
north region area. Meanwhile, Karak University College, Shobak University College,
Ma’an University College, and Aqaba University College are connected to the south region.
The rest of the faculties are linked to the middle region. The centroid point of the north
region is located at 32.46127358 latitude and 35.83702166 longitude, respectively, where
the total power is 3.099369 MW. In the same way, the centroid point of the middle and
south regions is presented in Table 4, where the total power of each region is 7.8336084 and
1.4523516, respectively.
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Table 4. BAU colleges. Based on north, middle, and south regional electrical distribution.

College Name Latitude Longitude PV I;ic‘l;“ed Dli:nb.utwn Centroid
( ) eglon Latitude Longitude
1 Huson University 5, ya731073  35.88983552 0.877008
College
Irbid University
2 College 32.54614275  35.86205624 1.295268 North 3046127358 35.83702166
3 Ajloun University 5, 51007408 3575008694 0.92712
College
4 Main Campus 32.02515898  35.71677215 3.8051808
Faculty of
5 Engineering 31.99380503  36.01731455 1.416696
Technology
Princess Alia
6 L rna 3196510614  35.89702225 0.6630516
University College
- Zarka University 55 (=0q1201 3¢ 09989319 0.8346 Middle 32.02451992  35.84443157
College ' ' '
8 Princess Rahma 3211071312 35.73815459 0.578244
University College
Amman University
College for Banking
9 or bar 32.03731051  35.95663113 0.535836
and Financial
Sciences
10 Karak University ) 10103039 3574657866 0.7835196
College
11 Shobak University 5 19596066 35.50607523 0.0636
College
Ma'am Universit South 3057966112  35.54278629
12 aan LIVersity 3094549202 35.68824331 0.235152
College
13 Aqaba University g 5omimg70 3500161724 0.37008
College

3.3. Effect of Irradiation and Temprature

In general, Jordan has a higher irradiation value than other countries with moderate
temperature values. Thus, PV solar cells are one of Jordan’s most common renewable
energy resources [20]. Based on this, it is efficient to install PV farms in the southern part of
Jordan, with high irradiation records, for all BAU facilities, as presented in Figure 7.

In 2023, as shown in Figure 8, the annual sun irradiation data in Jordan, registered
by the NASA Surface Meteorology and Solar Energy database, showed a high and recom-
mended recorded irradiation of 1000 Wh/m? for the summertime. In winter, an acceptable
irradiation value was recorded, reaching 600 Wh/ m?2 [41].
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arN
30°N
Long term average of DNI, period 1999-2018 L S0Em
Daily totals: 56 6.0 6.4 6.8 72 76 8.0
KWh/m®
Yearly totals: 2045 2191 2337 2483 2629 2775 2922

Figure 7. Jordan’s horizontal irradiation [20].
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Figure 8. Annual irradiation in Jordan per hour in 2023 (latitude: 31.95; longitude: 35.91).

Although Jordan is known for its generally pleasant climate, summer temperatures,
as shown in Figure 9, can reach as high as 45 °C [42]. In the southern region, particularly
in Aqgaba, temperatures are typically 5-10 °C higher than in northern areas like Irbid and
Ajloun. As elevated temperatures negatively impact the power generation efficiency of PV
solar cells [43], the temperature elevation in Jordan is minimal with minor effects besides
the high irradiation.
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Figure 9. Annual temperature in north and south Jordan per hour in 2023.

3.4. Effect of the Proposed Design on the National Grid

When ISG is utilized, the suggested design tends to reduce power flow in the national
electric grid. The majority of the PV power is produced during the day while the university
is open and classes are in session. As previously mentioned, in the design of ISG, certain
facilities called for additional spaces for PV generation, like parking lots and open spaces,
if they could be located nearby. However, in comparison to direct electricity use, covering
the additional PV remotely also restricts the power flow in the national grid.

Using the RWG design also partially supports the national grid. In Jordan’s national
grid, as most of the electrical generation is located on the southern side of Jordan, nearest
to the Port of Aqaba, most PV generation farms are located in the southern part as well.
Concentrating electrical generation in the southern part while the demand is in the north
and middle, where the three major cities are located with 75% of the Jordanian population,
leads to high power flow and losses, as shown in [2]. Table 5 is a presentation of all PV
projects initiated in Jordan as of 2023 [3].

Table 5. Installed PV projects in Jordan [3].

Distribution Number of PV Total Capacity

State Region Projects (MW)
1 Aqaba South 2 102
2 Ma’an South 15 522
3 Mafraq South 9 308
4 Amman Middle 3 280

4. Comparison and Discussion
4.1. Comparison Between the Proposed Designs

A comprehensive comparison of proposed designs of ISG and RWG in both designs
involving single and three points can be found in Table 6. The comparison of financial
analysis contains a discussion of new land, area preparation, implementation, and main-
tenance. In addition, grid and distribution effect consideration is included to contain
electrical bills and the network advantage. Below each discussion, an evaluation form
using a five-star scale is used to illustrate effectiveness or quality and to give a resulting
quantity interpretation of the comparison discussion.
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Table 6. Comprehensive comparison between ISG and RWG.
Desien T Financial Analysis Grid and Distribution Effect
esign Type
g P New Land Pregar:aation Implementation| Maintenance Network Electricity Bill
Easy to prepare Easy to reach The system
and supported location with approximately cover
No need, but with electricity Should be full civil the Each faculty pays
building out suitable for services. electricity for each for the consumed
Points strength in some locations ur}l\{ersuy Alarge faculty and ower after
ISG & activity and number of supports p
per should be obstacles fund students faculties makes electricit}l:/)l‘:!))esides the substitute the
faculty considered sutcal}liss; ;\r/:(ajter education. hard annual university which is local generation.
chillers. PV usually crowded
maintenance. demands.
It is difficult to
Single land is The system track power
needed that supplies generation and
may SE;;grigg \?v(i)tth Should be Hard to reach electricity to pay for the
Single located in a electricity but suitable for location areas far from most consumed
centrgoi d crowded area withoi]l ¢ neighborhoods without civil faculties and also electricity when
oint or far from obstacles if available. services. sometimes to three different
p transmission ’ regions with low distribution
line. demands companies need
to be satisfied.
RWG Yokdokok | Yolokokok | Yolololok | olokokk | Yoiolokok Forokkok
The system Power generation
Three lands are . -
needed that Easy to prepare, Should be supplies at each point and
can be supported with suitable for Solft to reach electricity to payments for each
Three balanced with lectricity, and neighborhoods location | areas around faculty are
centroid weight to find ¢ ecwriltcgf)};ta n & if w1thoqt civil several faculties and managed by their
points optimum obstacles. available. services. ialso near to respective
location. regions with high distribution
demands companies.

Extra new land is required in RWG, where three points of RWG are usually located
closer to several faculties. Also, the land of three points of RWG can be modified and
controlled to the optimal location. The PV location should not be crowded with tall
buildings and should provide easy access to the transmission network. On the other hand,
ISG does not need new land expansion where a rooftop is sufficient with building levels
and strength considerations in mind.

In ISG, several obstacles were found, such as water tanks and chillers, thus giving two
stars similar to RWG of single points, where a single location could be hard to prepare the
area and not supported with electricity. The PV design should be implemented based on
the university’s desire and privacy. A limited time of implementation is required in ISG
design, where outside faculties do not allow implementation, especially for three-point
RWG when the optimal location is determined.

In general, maintenance is limited in PV solar cell generation, where an increase in the
number of locations makes maintenance more sophisticated compared to single or three
points of RWG. RWG locations for both types of design could not be supported with roads
and communication, where ISG maintenance is scheduled based on university education,
which is why the maintenance scale has a maximum of three stars.

The comparison of the proposed design on the national grid and distribution network
is briefly discussed, and the comparison focuses on power flow and the electrical bill
effect. In ISG, the areas near the majority of BAU and international faculties experience
significantly higher consumer demand compared to agricultural or desert regions; thus,
the full mark on the scale of the stars is graded. In the RWG single-centroid point, the
calculated location may occur in expensive properties, crowded buildings, or far away
regions. Therefore, two stars on the scale are graded. In three-centroid point RWG, extra
limited places can be found. Thus, four stars on the scale are graded.
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In Jordan, three private distribution companies control the entire electrical distribu-
tion network. These companies act as intermediaries between the generation companies
and consumers. Managing power flow across multiple buildings connected to different
distribution networks can be challenging, especially when electricity is both consumed and
generated at a single point within the network. Therefore, a system with a single control
point is rated two stars, while a system with three control points (RWG) is rated four stars,
as billing and payments are directly tied to the distribution network, with considerations
for distance and voltage connections. In the ISG region, a five-star rating is given due to
the use of net metering PV implementation. During weekdays, most of the PV-generated
electricity is consumed by the faculties, while on weekends, it is used by the faculty area,
which is typically crowded with consumers.

The highest number of stars is graded in three-centroid point RWG, with twenty-five
stars. The minimum number of stars is graded in single-centroid point RWG, with a total of
fifteen stars, and the total number of stars of ISG design is twenty stars. This means that the
RWG design of a single centroid point is not recommended as the design needs an intensive
study of several point locations to obtain the optimum location features. Otherwise, the
ISG design could be used.

4.2. The Proposed Approach Generalization

The proposed design assumes that the BAU faculties are the only ones connected to the
national grid for generating and consuming power. This would logically reduce the overall
electrical power flow when non-BAU consumers are considered and partially reduce the
overall electrical power flow. As a result, the stability of the power system is maintained
due to the limited electrical power flow. In addition, the proposed theory design can be
generalized to several applications of large or middle consumers with multi-locations
scattered along certain sectors such as banks, malls, gas stations, and restaurants. The
proposed design supports the national grid partially with stability and reduces power flow.
Likewise, this proposed design can be further generalized by including several electrical
generations of conventional and renewable energy. The generation points of any country
can be centroid by one or more points; then, the centroid demand points can be calculated.
Therefore, approximation results can be handled, and the calculation complexity can be
controlled by reducing the centroid points of generations and demands.

5. Conclusions

This paper presents the ISG and RWG of PV electrical power generation designs using
centroid mass theory at Al-Balqa Applied University. The design considered the faculty
demand, location, building rooftop area, and azimuth angle. The results of both designs
were discussed, and the effect of irradiation and temperature on the designs is illustrated.
A general view of the effect of PV on the national grid of Jordan’s electricity is presented.
In addition, a comprehensive comparison among ISG, single-centroid point RWG, and
three-centroid point RWG is presented, where the proposed design of multi-centroid points
of RWG is preferable based on intensive design. The ISG design showed a better star scale,
twenty out of thirty stars. Meanwhile, single-centroid point RWG has a lower star scale,
fifteen out of thirty, due to design limitations. However, as a rare study of mass theory in PV
location design, the proposed approach cannot be compared with other similar approaches
since there has been no other case study with a high level of similarity characteristics in PV
solar cell design. Since other works have used the load centroid method in power supply
to determine the location of the power source, this work investigated the ability to use
centroid mass theory methods to determine the location of PV solar systems and allows for
future work using this method.
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