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a b s t r a c t 

In this study, the reduction ways of the electricity demand for Engineering Faculty at Mu’tah University 

were investigated. The using of the available resources efficiently and effectively to reduce energy bill is 

one way to reduce the energy consumption as well as the electricity generation. On grid photovoltaic 

system considers the most promising way to achieve the target of saving. For that, the availability of 

the solar photovoltaic system as an electricity generation source for Faculty of Engineering proposed to 

design a 56.7 kW grid-connected as a solar photovoltaic power plant to cover the electricity demand. The 

analysis revealed that the Engineering Faculty at Mu’tah University consumed 96 MWh annually and by 

installing an on-grid photovoltaic system with a capacity of 56.7 KW the electricity production to the 

grid will be 97.02 MWh per year, which cover the electricity demand for Engineering Faculty at Mu’tah 

University with a capital cost of $117,0 0 0 and payback period about 5.5 years. 

© 2017 Tomsk Polytechnic University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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1. Introduction 

Energy is one of the most promising candidates, which play a

major role in the economic growth of the world’s nations. Several

factors such as urbanization, modernization and increasing of hu-

man population lead to a sharp increase in the energy demand of

the world. In the developed countries the energy consumption is

increasing at a rate of 1% per year and 5% per year for the de-

veloping countries [1–3] . The energy future trend shows that the

needed energy amount will be doubled by 2020 according to the

International Energy Agency (IEA) [4] . 

Nowadays, all the world countries’ believe that the renewable

energy is the alternative solution instead of using the traditional

energy types [5–7,35,36] . Solar energy considers one of the most

important types among all renewable energy types that for the ad-

vantages which are clean, carbon-free and the availability [8–11] . 

Jordan is one of the developing countries, which is completely

dependent on the imported oil in order to meet it needs from

the energy required for all sectors [12] . Jordan energy bill grew by

an average of 14% per year from its gross national product (GNP)

[13,14] . On the other side, Jordan considers a rich country of the
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olar energy with a high intensities of the solar radiations, along

urations of sunshine hours and open land has a gentle topograph-

cal feature in most of it. The range of the solar irradiance in Jor-

an is in between 4–8 kWh/m 

2 and the sunshine duration is more

han 300 days per year with an average sunshine hours of 9 h/day

nd about 3311 h/year, which makes Jordan is one of the richest

ountries in the world with the solar energy [15,16] . 

Solar photovoltaic (PV) energy systems is a convenient invest-

ent for Jordan, that’s because it needs a little maintenance and

t doesn’t cause a direct pollution or depletion of the resources

17,18,31] . Several researchers study the ability to use the PV sys-

ems for electricity generation in Jordan such as the design of the

reen building for the kindergarten in Amman which considers the

V systems as an alternative to cover the electricity demand for

he building [19] . 

Total PV capacity installed in Jordan was 0.5 MW in the year of

006 and 1.6 MW in 2012 and the future plan to install 100MW

ntil the end of 2020. Most of the old units have been distributed

n the remote areas of Jordan as shown in Fig. 1 , to cover the need

f the lighting and water pumping according to the National Cen-

er for Research and Development in Jordan [15] . In this study a

V system is designed in order to cover the energy demand needs

f the faculty of engineering at Mu’tah University in Jordan and a

imple economic approach is applied to calculate the payback pe-

iods for that design. 
n access article under the CC BY-NC-ND license. 
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Fig. 1. Photovoltaic installations in the remote areas of Jordan. 

Fig. 2. Mu’tah University map and Faculty of Engineering inside the yellow circle. 
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Table 1 

Average numbers of clear days and sunshine hours in Jordan. 

Month Average No. of 

Clear Days 

Average No. of 

Sunshine Hours 

January 20 232 

February 22 260 

March 24 296 

April 25 275 

May 25 348 

Jun 30 405 

July 31 380 

August 31 390 

September 29 334 

October 25 280 

November 26 264 

December 22 233 

Total 310 3697 

Fig. 3. Monthly averaged insolation incident on a horizontal surface. 

Fig. 4. Monthly averaged insolation incident on tilted angle (30 °). 
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. Site overview 

Engineering Faculty at Mu’tah University located in Al-Karak

overnorate with a distance of 152 km to the south of Amman

apital of Jordan (31 °05 ′ N, 35 °43 ′ E, and elevation 1153 m). The fac-

lty building consists of three floors with basement, classrooms,

cademic staff offices, administration rooms and public facilities.

u’tah University and faculty of engineering topography illustrated

n Fig. 2 . The proposed PV power plant site located on the faculty

uilding roof to cover the electricity demand for it. 

. Electrical load 

The electrical consumption as a monthly average for the En-

ineering Faculty at Mu’tah University is about 8 MWh (96 MWh

nnually) [20] . Thus monthly energy bill cost is about 1280 JD

$1800). 

. Solar radiation analysis 

Jordan is blessed with a plenty of solar energy which is appar-

nt from the annual daily average insolation intensity on a hor-

zontal surface range between 4–8 kWh/m 

2 . Table. 1 shows clear

ays and average sunshine hours in Jordan [15] . 
Solar radiation data is the key point for the planning and sizing

f the PV systems, which is extracted through the calculation of

he amount of the solar radiation for each square meter per day in

he selected area. Fig. 3 shows the monthly average of daily solar

adiation for different months, while the monthly solar radiation

t tilted surface south-orientation (yearly optimum tilt-angle equal

o 30 °, approximately equal to the latitude of the selected site) is

hown in Fig. 4 [21] . 

Generally, the solar radiation data measured on a horizon-

al plane. PV panels fixed with a tilt angle ( β) relatively to the

orizontal in order to get the maximum possible solar radiation

hrough making the panels faced to the sun. Tilt angle has the ma-

or effect on the solar radiation incident on a surface. The maxi-
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Fig. 5. Grid-tied PV system. 
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mum power output can achieve when the tilt angle is equal to the

latitude of the location. However, the adjustable tilt angle can help

to maximize the achievement of the solar radiation over the whole

year [22,32–34] . 

For the selected site, it is clear that the solar irradiance for 30 °
tilted surface are higher than solar irradiance on the horizontal

surface during winter season (October - March), while during the

summer season the opposite is true. The annual average solar radi-

ations for the horizontal and tilted surface are 5.15 and 5.4 kW/m 

2 .

As a result, the preferred PV plane at 30 ° tilt angle with annual

average solar radiation 5.4 kW/m 

2 and peak sun hours (PSH) about

6 hours at standard test conditions (STC) for the selected PV mod-

ule. Consequently, Two benefits can be accomplished through this

selection, which are reducing the investment cost and reducing the

area used to install the system on the selected site. 

5. On-grid PV system design 

The design of the PV system is the only tool that helps in a

proper selection of the system relative equipment’s for an on grid

or off grid connections [22] . The system sizing mean to calculate

the number and type of solar panels needed to capture the solar

energy, the battery capacity that will store and save the energy for

the days of a little or no sunshine, and to be able also to determine

the required characteristics for the rest of the elements related to

the system such as: regulators, inverters, cables, etc., finally to en-

sure the maximum performance of the installation [23,24] . 

PV module produces power when it’s uncovered to the sun-

light. For that, there is a number of the components are required to

properly conduct, control, convert, distribute, and store the energy

produced by the PV arrays. For this research, an on-grid system

will design as shown in Fig. 5 . 

5.1. Panel type and inverter selection 

The solar cells usually fabricated from the silicon crystalline.

Mono-crystalline cells having the highest efficiency compared to

the Poly-crystalline cells and amorphous silicon cells. The selec-

tion of the cell type depends on the required application, as an ex-

ample the small consumer products used generally the amorphous

silicon cell. Several aspects characterize the solar panel type selec-

tion [22,25] , and it can be summarized as cell type, system cost,

the warranty and the size and watts. 

For the intended system, the selected panel made from Mono-

crystalline, Sun-Power 315-SOLAR PANEL , with an efficiency of
9.3% and 315 W as maximum power. Table. 2 lists some main

haracteristics of this type at Standard Test Conditions STC [26] . 

The converter device, which is used to convert the produced

C power from the PV panels to AC power is the inverter. Several

nverters types are available in the market. However, an appropri-

te inverter selection depends on three main factors, that should

e considered, which are: its output AC power, the DC-AC conver-

ion efficiency and the capital cost. After an intensive search for

 proper inverter choice, GermanPV TRIO-27.6-TL-OUTD-S2X man-

factured by GermanPV Inc., the leading German company in this

eld, seems to be a good candidate, as it has a high value of CEC

fficiency that equals to 98. And the price was relatively low com-

ared with other brands. Several characteristics of this inverter are

isted next in Table. 3 [27] . 

.2. On-grid PV array sizing 

The simplest PV installation system model is the on-grid model.

n the on grid model the load is specified by the user and the sug-

ested inverter is simply equal to the nominal array power. The

nergy available to the grid is what is produced by the array? And

t can be expressed by the [22] : 

 grid = E A ηin v (1)

Where, 

ηin v : The inverter efficiency 

E A : The array energy available to the load. 

Depending on the grid configuration not all this energy may be

bsorbed by the grid. The energy actually delivered is: 

 dlv d = E grid ηabs (2)

Where, 

ηabs : The grid absorption rate. 

Total peak power of the PV generator required to supply a spe-

ific load depends on the total load needed, several factors taken

nto the account to indemnity for losses and temperature effect

uch as solar radiation, ambient temperature, power temperature

oefficient, efficiencies of the inverter and on the safety factor. The

umbers of PV panels required is obtained as follows: 

o. of P V P anels = 

P in v ,in,kW h 

P max ,actual 

(3)

Where, 

P in v ,in,kW h : Given by the following equation: 

P in v ,in,kW h = 

P d emand , max 

ηin v 
(4)

Where, 

ηin v : The inverter efficiency 

P d emand , max : The maximum demand load. 

P max ,actual The power produced by the module at each day given

y the following equation: 

 max ,actual = [ (1 − L T ) × (1 − L C ) × (1 − L M 

) ] × P max × P SH (5)

here, 

 T : The temperature losses coefficients 

 C : The cable losses coefficients 

 M 

: The module losses coefficients 

 max : The module peak power at maximum irradiance. 

The annual energy available to the grid is 94.08 MWh and

he actually energy delivered annually is 97.02 MWh by using

qs. (1 and 2) , with inverter efficiency equal to 98% and grid ab-

orption rate is 99%. 
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Table 2 

Selected PV module specifications. 

Electrical Data 

Measured at STC: irradiance of 10 0 0/m ², air mass 1.5 g, and cell temp. 25 °C 

Peak Power P max 315 W 

Rated Voltage V mp 54.7 V 

Rated Current I mp 5.76 A 

Open Circuit Voltage V oc 64.6 V 

Short Circuit Current I sc 6.14 A 

Efficiency ɳ 19.30% 

Maximum System Voltage IEC, UL 10 0 0 V, 60 0 V 

Temperature Coefficients 

Power −0.38% / °C 
Voltage (Voc −176.6 mV/ °C 
Current (Isc) 3.5 mA/ °C 
NOCT 45 °C + /– 2 °C 

Mechanical Data 

Solar Cells 96 SunPower all-back contact mono-crystalline 

Weight 24 kg, 53 lbs 

Dimensions 1046 ∗ 1559 ∗ 46 

Warranty and Certifications 

Warranty 25 year limited power warranty 

5 year limited product warranty 

Certifications IEC 61,215, Safety tested IEC 61,730; 

UL listed (UL 1703), Class C Fire Rating 

Table 3 

Selected inverter specifications. 

Input (DC) 

Max. recommended PV power 30 kW 

Max. DC voltage 10 0 0 V 

Rated MPPT voltage range 252- 970 V 

Nominal DC rated power 28.6 kW 

Number of MPP tracker inputs 2 

Max. input current / per MPP tracker input 64 A / 32 A 

Number of DC input pairs (parallel connection) 5 

Output (AC) 

Nominal AC rated power 27.6 kW 

Maximum AC output power 30 kW 

Nominal AC rated line voltage 400 V 

AC voltage rang 320–480 V 

AC maximum output current 45 A 

Nominal output frequency 50 Hz 

Other Parameter 

Maximum efficiency 98.20% 

Weighted efficiency 98.00% 
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Fig. 6. Four zones area at the top of Engineering Faculty at Mu’tah University. 
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The numbers of PV panels, P in v ,in,kW h and the annual power pro-

uced by the module can be calculated by using Eqs. (3–5) as fol-

ow: 

 in v = 97 . 96 MW h 

 max , actual = 544 . 7 ( k W p h ) 
o. of P V P anels = 180 P anels 

.3. PV model arrangements 

.3.1. PV connections 

From solar panel data sheet and Table. 2 , the rated voltage for

ach panel is 54.7 V and the rated current is 5.76A while the max-

mum system voltage is 10 0 0 V at standard test conditions. The

umber of the panels in series orientation can calculate by di-

ided the maximum system voltage to panel rated voltage; that’s

ean 18 panels in series line, so 10 parallel lines we need. Ten

arallel lines, each line have 18 Panel connected together in series

5.67 kW, 984.6 V, 5.76A) as shown in Fig. 6 . The panel area ac-

ording to the panel data sheet as mentioned in Table. 2 is 1.63

 

2 with its frame. So the required area is 293.4 m 

2 in order to in-
tall PV panels, but shading effects must take in consideration for

hat row spacing was studied. 

.3.2. Row spacing 

Shading can reduce the production of the PV arrays. For that, PV

rrays should be installed in a shade-free location. However, grid-

onnected systems are usually found in urban areas and the mod-

les are usually installed on roofs, where some shading is some-

imes inescapable. To maximize the performance of the solar in-

tallation and to have the capability to install as many as possible

anels in a given area. Two main factors which often considered

re Orientation and Row Spacing or the Shading Distance [28] . 

To calculate the shading distance which is illustrated in Fig. 7 .

q. (6) [29] , can be used; 

 = Y 
Cosγ

tan ∅ (6) 

Where; 

X: Shading Distance (m). 

Y: Height of Titled PV Panel (m). 

γ : Azimuth Angle (Degree). 

α : Solar Altitude at Certain Solar Time (Degree). 

Using the 315-SunPower solar panels with a length of 1.56 m

ake the value of Y at 31 ° solar altitude angle and at 30 ° tilt an-

le is equal to 1.3 m and The space length used for each panel is
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Fig. 7. Illustration of the values related to Eq. 6 for the shading distance calcula- 

tions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 

PV system costs and system payback period. 

Item Cost 

PV panels $90,0 0 0 (63,0 0 0 JD) 

Inverters (2 spices) $80 0 0 (560 0 JD) 

Cables $30 0 0 (210 0 JD) 

Balance of plant $30 0 0 (210 0 JD) 

Engineering $10,0 0 0 (70 0 0 JD) 

Miscellaneous $30 0 0 (210 0 JD) 

Total PV cost $117,0 0 0 (81,90 0 JD) 

Electricity bill cost/ Year $21,600 (15,336) 

Payback period 5.5 Years 
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1.35 m ( 1 . 56 ∗ cos 30 ), so according to building roof we divided the

available roof surface into four zones as shown in Fig. 6 . After mea-

suring the roof space, the results were; 

• The available roof area for the faculty of engineering (after re-

moving 1.3 m from borders) is 657 m 

2 , site located on the west

side as shown in Fig. 6 . 

• Both zones 1 and 2 are equal in area = 170 m 

2 for each. 

• Zone 3 = 210 m 

2 . 

• Zone 4 area = 107 m 

2 . 

After measuring the used roof space, the roof space which can

use for the PV system installation as: 

• The area which can use in zones 1 and 2 to install PV system

are equal = 127 m 

2 for each. 

• The area which can use in zone 3 = 188 m 

2 . 

• Totally used PV area = 442 m 

2 . 

• The residual area (215 m 

2 ) can use for other equipment such

as spare parts (Panels, Cables, washing tools, mechanical tools.

etc.). 

According to Fig. 8 , the panels (109 to 126) are connected to-

gether by using the series connection also panels (127 to 144),

(145 to 162) and (163 to 180). Group A in zone 3 consists of

36 panels (18 panels distributed in 2 lines connected together by

using the series connection, and the two lines connected by us-

ing the parallel connection with another 2 lines). Group B have
Fig. 8. Photovoltaic pan
he same connection like group A. We used two inverters, each

nverter connected with 5 parallel lines (90 PV-Panels, 28.35 kW,

84.6 V, 28.8A). 

. PV system economics 

Nowadays and as a result of the technology improvements and

conomies of volume and scale the investment cost of the PV sys-

ems started to decrease. Investment costs, or total system costs,

epresent the most important barrier to the PV deployment today.

otal system costs consist of the sum of module costs including

ounting structures, inverters, cabling and power management de-

ices. 

Total system costs are sensitive to economies of scale and can

ary substantially depending on the type of the application. For the

roposed PV system cost and payback period with 4% of interest

ate are illustrated in Table. 4 [30] . 

. Conclusions 

Jordan has 1.6 MW installed PV capacity in 2012, installed in

he remote areas; the savings in the primary energy is equivalent

o 399 toes. Solar irradiance with 30 ° tilted surface is higher than

he horizontal surface during winter season while during the sum-

er season the opposite is true. The annual solar average radiation

y the horizontal and tilted-surface (30 °) are 5.15 and 5.4 kW/m 

2 
els arrangement. 
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espectively. The average sunshine duration is more than 300 days

nd daily sunshine duration between 9 and 12 hours. 

The faculty building consumes 96 MWh per year with a cost of

ore than 15,0 0 0 JD. On-grid PV system was fully designed with

otal capacity 56.7 kW for 25 operation years. PV system annual

roduction delivered to the electric grid was 97.02 MWh by using

42 m 

2 out of the available area which is 657m 

2 . 

Economic costs for the proposed system was $117,0 0 0. While

he electricity bill cost was $21,600. So the payback period for pro-

osed system was 5.5 years and the system will lead to mitigation

f about 85 tons of GHG emissions annually. 

eferences 

[1] E.H. Borgstein , R. Lamberts , J.L.M. Hensen , Energy Build. 128 (2016) 734–755 . 

[2] E. Panos , M. Densing , K. Volkart , Energy Strategy Rev. 9 (2016) 28–49 . 
[3] J.R. Fanchi , Chapter one - introduction, in: Energy Technology and Directions

for the Future (First), Academic Press, Boston, 2004, pp. 1–27 . 

[4] I.E.A. (IEA), in. 
[5] A.M. Gormally , J.D. Whyatt , R.J. Timmis , C.G. Pooley , Appl. Geogr. 74 (2016)

73–83 . 
[6] H.D. Ammari , S.S. Al-Rwashdeh , M.I. Al-Najideen , Sustain. Cities Soc. 15 (2015)

135–143 . 
[7] S. Salehin , M.T. Ferdaous , R.M. Chowdhury , S.S. Shithi , M.S.R.B. Rofi, M.A. Mo-

hammed , Energy 112 (2016) 729–741 . 

[8] A. Vlachokostas , N. Madamopoulos , Energy Build. 122 (2016) 140–149 . 
[9] M. Horváth , D. Kassai-Szoó, T. Csoknyai , Energy Build. 111 (2016) 278–289 . 

[10] R. Ciriminna , F. Meneguzzo , M. Pecoraino , M. Pagliaro , Renew. Sustain. Energy
Rev. 63 (2016) 13–18 . 

[11] S.K. Kar , A. Sharma , B. Roy , Renew. Sustain. Energy Rev. 62 (2016) 121–133 . 
[12] J.O. Jaber , O.O. Badran , N. Abu-Shikhah , Clean Technol. Environ. Policy 6 (2004)

174–186 . 
[13] Y. Anagreh , A. Bataineh , Renew. Sustain. Energy Rev. 15 (2011) 2232–2239 . 
[14] F.Z. El-Karmi , N.M. Abu-Shikhah , Renew. Energy 57 (2013) 620–625 . 

[15] R.S.S. National Energy Research Center, in, Amman, Jordan. 
[16] E.S. Hrayshat , Renew. Energy 34 (2009) 2133–2140 . 

[17] M. Missoum , A. Hamidat , K. Imessad , S. Bensalem , A. Khoudja , Energy Build.
128 (2016) 370–383 . 

[18] M. Farshchimonfared , J.I. Bilbao , A.B. Sproul , Sol. Energy 136 (2016) 15–22 . 
[19] M. Hammad , M.S.Y. Ebaid , L. Al-Hyari , Energy Build. 76 (2014) 524–537 . 

20] E.D. Company Al-Karak, Jordan. 

[21] A. Atmospheric Science Data Center, NASA Langley Research Center, in, USA. 
22] W.A . Beckman. , J.A . Duffie , Solar Engineering of Thermal Processes, Wiley, USA,

2013 . 
23] T. Markvart , Practical Handbook of photovoltaics: Fundamentals and Applica-

tions, Elsevier Science Ltd, Oxford: UK, 2003 . 
24] B. Sorensen , Renewable Energy: Its Physics, Engineering, Use, Environmental

Impacts, Economy and Planning Aspects, Elsevier Science, UK, 2004 . 

25] S.H. Antonio Luque , Handbook of Photovoltaic Science and Engineering, Wiley,
2011 . 

26] S. Company pp. 315 Solar Panel Data Sheet. 
[27] G. Company Solar Inverter Dara sheet. 

28] C.B.L. Co. , Solar Power Panel Orientation: Landscape vs. Portrait, 2010 . 
29] Clean Energy Council Australia, 2010. 

30] CleanTechnical Cleantech News and Commentary to Help the World. 

[31] F. Sehar , M. Pipattanasomporn , S. Rahman , Appl. Energy 173 (2016) 406–417 . 
32] T.O. Kaddoura , M.A.M. Ramli , Y.A. Al-Turki , Renew. Sustain. Energy Rev. 65

(2016) 626–634 . 
33] M. Tripathy , S. Yadav , P.K. Sadhu , S.K. Panda , Renew. Energy 104 (2017)

211–223 . 
34] H. Wada , F. Yamamoto , K. Ueta , T. Yamaguchi , Sol. Energy Mater. Sol. Cells 95

(2011) 382–385 . 

35] S.S. Alrwashdeh , H. Markötter , J. Haußmann , T. Arlt , M. Klages , J. Scholta ,
J. Banhart , I. Manke , Energy 102 (2016) 161–165 . 

36] Saad S. Alrwashdeh , H. Markötter , Jan Haußmann , Joachim Scholta , An-
dré Hilger , Ingo Mank J. Electrochem. Soc 72 (2016) 99–106 . 

http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0001
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0001
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0001
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0001
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0002
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0002
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0002
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0002
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0003
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0003
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0004
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0004
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0004
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0004
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0004
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0005
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0005
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0005
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0005
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0006
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0007
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0007
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0007
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0008
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0008
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0008
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0008
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0009
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0009
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0009
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0009
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0009
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0010
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0010
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0010
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0010
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0011
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0011
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0011
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0011
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0012
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0012
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0012
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0013
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0013
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0013
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0014
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0014
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0015
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0015
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0015
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0015
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0015
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0015
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0016
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0016
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0016
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0016
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0017
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0017
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0017
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0017
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0018
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0018
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0018
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0019
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0019
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0020
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0020
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0021
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0021
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0022
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0022
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0023
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0023
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0023
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0023
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0024
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0024
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0024
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0024
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0025
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0025
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0025
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0025
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0025
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0026
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0026
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0026
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0026
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0026
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0027
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0028
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0028
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0028
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0028
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0028
http://refhub.elsevier.com/S2405-6537(17)30035-0/sbref0028

	Design of a solar photovoltaic system to cover the electricity demand for the faculty of Engineering- Mu'tah University in Jordan
	1 Introduction
	2 Site overview
	3 Electrical load
	4 Solar radiation analysis
	5 On-grid PV system design
	5.1 Panel type and inverter selection
	5.2 On-grid PV array sizing
	5.3 PV model arrangements
	5.3.1 PV connections
	5.3.2 Row spacing


	6 PV system economics
	7 Conclusions
	 References


