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A B S T R A C T 
 

    The abundance of solar energy always coexists with the scarcity of other energy 

sources and clean water, such as in desert areas. Research articles published in peer-
reviewed journals that address the design and simulation of water-pumping systems 
using PV SYST software are in short supply. Therefore, this study was conducted to de-

sign and simulate a 101.4 kW PV underground water pumping system using PV SYST 
software, with the aim of supplying a farm facing water and energy resource shortages 

with the necessary water for agricultural facilities and the farming process. Additionally, 
by simulating the system for a full year using the PV SYST, gathered information about 

the system's losses, inappropriate components, and design errors. By addressing these 
issues before installation, time, effort, and resources can be saved. The effective solar 

radiation value on the collector plane was 2145 kWh/m2, whereas the nominal power 
was 461.46 kWh/m2. This shows the efficiency of the array, which was 21.5% under 
standard test conditions (STC). The nominal energy of the array was 217810 kWh, 

whereas the hydraulic energy was 120274 kWh. This difference is due to losses, the most 
important of which are array losses owing to high temperatures at a rate of 9.83% and 

converter losses during operation at a rate of 3.21%. The pump's operating electrical en-

ergy was 165414 kWh, and its hydraulic energy was 120274 kWh, resulting in a pump 

efficiency of 72.7 %. The pumped water volume reached 370570 m3/year, while the water 
requirement was 370475 m3/year, indicating that the system was able to meet the water 

requirements. The performance ratio was 74.1%, which is deemed satisfactory. This sig-
nifies the validity of the design and dependability of the PV-powered water pumping 
system.

 

1. Introduction 

Water is required for large-scale use such as drink-

ing, daily household tasks, irrigation, buildings, and 

hydroelectric power generation. The growth capacity of 

a country depends heavily on the amount and quality 

of water accessible within its limits. There is plenty of 

fresh water, but it is not easily available. According to 

the World Health Organization's Global Water Supply 

and Sanitation Assessment Global Report, 1.1 billion 

people around the world are unable to access safe 

drinking water, and this number is expected to increase 
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to 3 billion by 2025. To transport water from the deep 

Earth's surface to its required location, a pump is neces-

sary. Therefore, water pumps have been used for dec-

ades (Verma et al., 2021). The world's energy consump-

tion is rising significantly, due in large part to improve-

ments in living standards and industrial growth in 

many nations. The gap between the amount of energy 

generated and consumed has increased. Furthermore, 

the fuel reserves are gradually being depleted. Addi-

tionally, the use of conventional energy-producing 

technologies contributes to global environmental con-

tamination. These motivations drive scientists to find 

https://www.ekb.eg/web/guest/journals
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sustainable, renewable, and alternative energy sources 

(Ardizzon et al. 2014, Elbelkemy et al., 2025). Energy 

sources significantly impact a country's economic pro-

gress. Globalization and industrialization have de-

pleted nonrenewable energy sources. All nations are 

currently searching for alternative energy sources, with 

solar energy becoming increasingly popular world-

wide. Solar energy can be intercepted at 1.8*1011 MW, 

far more than humans need. Furthermore, it is a clean 

and reliable source of energy with the ability to meet 

future demand.  It is possible to use solar energy di-

rectly to produce thermal and photovoltaic energy or 

indirectly to generate biomass, wind, waves, hydro-

power, marine currents, and ocean thermal energy (Ah-

med et al., 2020). These days, producing electricity 

through photovoltaic systems is becoming increasingly 

common. The scarcity of other energy sources, such as 

fossil fuels, is the primary cause of this increase. There-

fore, switching to dependable and sustainable resources 

is necessary, like photovoltaic systems. It turns sun-

light's limitless energy into electrical energy (Ahmed et 

al., 2023). Solar energy is a renewable, environmentally 

favorable energy source. Furthermore, photovoltaic 

systems (PV) are the most widely used method for di-

rectly converting solar energy into direct current. PV 

water pumping systems (PVWPS) are one of the most 

common applications for PV power systems, harness-

ing electricity from photovoltaic panels to power a 

pumping system, catering to various water pumping 

needs, such as drinking water and irrigation. A well-

constructed PVPS can be efficient and cost-effective in 

comparison to grid-connected or diesel generator (DG)-

based pumping frameworks, especially in rural areas 

(Muhsen et al., 2017). The bulk of affordable water 

pumps use either electricity or fuel. This presented a 

challenge for water distribution to rural areas not di-

rectly linked to a national grid station. In addition, as 

researchers grew more aware of the detrimental envi-

ronmental effects of burning fossil fuels, they became 

increasingly focused on constructing freestanding wa-

ter pumping devices driven by renewable energy 

sources. Water pumps may get their electricity from a 

number of renewable energy sources.  However, solar 

photovoltaic (PV) technology turned out to be the most 

suited. Studies have demonstrated a direct correlation 

between solar energy and water consumption, despite 

its clean and readily available nature. Solar intensity is 

ideal in many areas in which the electrical network does 

not reach, and there is a significant demand for water 

(Aliyu et al., 2018). When facing southward, or the 

equator, in the Northern Hemisphere, the solar conver-

sion mechanism operates at its finest. In the Southern 

Hemisphere, face northward (Azimuth = 180°). The 

ideal slope angle depends on the day of the week and 

your latitude. In Egypt, βopt = φ° is the ideal fixed tilt 

angle for photovoltaic modules and collectors to 

harvest solar energy (Tayel et al., 2022). A variety of fac-

tors can influence the total efficiency of a photovoltaic 

system, including the material of the solar cells, instal-

lation technique, the system orientation or tilt, photo-

voltaic cell layout, and the surrounding climate. As a 

result, it is critical to study or assess the elements that 

impact a PV system's capacity to generate power. While 

manual analysis remains possible, technological ad-

vancements have facilitated the creation of various sim-

ulation tools like Homer Pro, PV Planner, PVsyst, and 

others. These programs have demonstrated to be 

speedy and sophisticated (Samuel et al., 2021). PVsyst 

is one of the most extensively used simulation applica-

tions. Andre Mermoud & Co., Swiss scientists, invented 

and designed the software. Many engineers worldwide 

use this software due to its convenience and speedy re-

sults. It conducts extensive and detailed research on a 

wide range of aspects that affect a system's efficiency 

(Dirnberger 2017). Furthermore, it has the ability to gen-

erate reports and provide frequent estimates. The 

PVsyst software's accuracy is quite near to the actual or 

true numbers.  Other prominent features include color-

coded faults and warning messages (Gao, et al., 2016). 

The PVsyst program simulates a 100 kWp grid-con-

nected solar system, which generates 165.38 MWh 

yearly but only feeds 161.6 MWh into the grid. The in-

verter generates 4.42 kWh/kWp of usable energy per 

day, with an annual performance ratio of around 80% 

(Kumar et al., 2017). PVsyst conducts the design and 

performance evaluation of a 2-kW solar photovoltaic 

system connected to the grid. The daily energy usage is 

8.9 kWh, and the hourly load is 2340 W/h, which helps 

in selecting suitable solar PV modules, batteries, and in-

verter. The potential solar energy available is 3101.1 

kWh, while the customer receives 2962.4 kWh, and their 

energy needs amount to 3244.8 kWh. The electrical sys-

tem will gain an extra 33.23 kWh of energy. Most 

months demonstrate a performance ratio that hovers 

around 0.7 (Rout and Kulkarni, 2020). The PVsyst sim-

ulation tool was used to assess and analyze energy 

losses along with performance ratios. The plant's aver-

age annual energy demand is 1086.24 kWh. While the 

solar panels generate 1143.6 kWh, the client can only 

make use of 1068.12 kWh, which does not meet the re-

quired load. Various losses resulted in a reduction of 

the system's power output. The assessment of the per-

formance ratio shows an average PR of 72.8% for the 

year (Kumar et al., 2021). The PVSyst software was uti-

lized to plan a solar energy system for the selected sites. 

PV Syst is a well-known software program for model-

ing and creating PV systems. The photovoltaic pump-

ing system is meant to address issues faced by farmers, 

such as the need for water for irrigation in India’s cli-

mate zones, which include combined, humid and 

warm, dry and hot, moderate, and cold. The values of 

water pumped are as follows: 1466.8 m3, 1824 m3, 2206.9 
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m3, 1651.2 m3, and 1281.3 m3. This indicates that 

Jaisalmer had the highest value, whereas Itanagar had 

the lowest. In temperate climates, the lowest pump effi-

ciency was 57.10%, whereas in hot, dry, warm, and hu-

mid climates the highest pump efficiency was 58.60%. 

The PV array loss was lower in colder areas than in hot-

ter and drier ones. The system experiences losses be-

tween 0.27 and 0.37 kWh/kWp/day. Hot and arid con-

ditions lead to greater losses for the system compared 

to composite factors. Jaisalmer, characterized by its hot 

and dry climate, exhibits the highest performance ratio, 

whereas Bangalore, situated in a moderate zone, dis-

plays the lowest performance ratio. The performance 

ratio falls within the range of 0.514 to 0.739 (Yadav et 

al., 2024). 

The objective of this research was to create a 101.4 

kW solar photovoltaic water pumping system to extract 

water from a deep borehole for a farm located in the de-

sert, far from clean water supplies and the national elec-

trical grid. Conducting a system simulation with PV 

SYST to identify defects, issues, and losses before instal-

lation. Assess the dependability and effectiveness of the 

PV pumping system year-round. There are limited 

studies available in peer-reviewed journals regarding 

the design and simulation of photovoltaic (PV) water-

pumping systems using PVSYST software. This study’s 

primary contribution is to outline a simple and reliable 

method for constructing and simulating PV water-

pumping systems. Moreover, this analysis confirms the 

efficiency, dependability, and possible problems of the 

system before installation, thereby reducing the effort 

and cost and preventing the development of technical 

problems that can compromise or cause failure of the 

system after installation. 

2. Materials and methods 

A solar energy system with a capacity of 101.4 kW 

has been designed and simulated to provide power to a 

75-kW submersible pump located in Egypt, specifically 

at a latitude of 28.5 N, longitude of 30.0 E, and an eleva-

tion of around 119 m above sea level. The geographic 

location of the project is shown in Fig. 1. 

 

Fig. 1. The geographical location of the project. 

2.1. Materials 

Five major components make up the photovoltaic 

water pumping system: PV modules, an inverter, a sub-

mersible pump, a steel structure, and additional electri-

cal equipment (such as protective devices, cables, and 

MC4). 

2.1.1. Photovoltaic panels 

To energize the water pumping system, 169 photo-

voltaic modules were installed. The used JA 

(JAM78S30-600MR) depicted in Fig. 2. possesses a rated 

power of 600 watts. Table 1presents the datasheet for 

the PV module. 

 

Fig. 2. JA (JAM78S30-600MR) photovoltaic module. 

2.1.2. Variable frequency drive (inverter) 

The photovoltaic (PV) modules produce direct 

current (DC) electricity, which the inverter then 

transforms into alternating current (AC) power to 

operate the pump motor. Additionally, it automatically 

adjusts the output frequency to align with the existing 

radiation levels. Furthermore, it employs Maximum 

Power Point Tracking (MPPT) technology to enhance 

power output across the entire spectrum (Tayel et al., 

2019; Elwakeel et al., 2021). Fig. 3 displays the 75-kW 

inverter (Veichi IS23, MPPT). Table 2 provides the spec-

ifications of the inverter. 

2.1.3. The pumping unit 

The pumping unit consists of three essential ele-

ments: a deep borehole, a multistage submersible 

pump, and a three-phase alternating current motor. Ta-

ble 3 provides the specifications for the Vansan VSM 

8/100 submersible three-phase electric motor. Table 4 

outlines the technical specifications for the Vansan VSP-

SS 08125/07 centrifugal submersible pump, and Fig. 4 

illustrates the performance curves. 
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Table 1 

JA(JAM78S30-600MR) PV module data sheet. 

Model type JA (JAM78S30-600MR) 

Max Power (P Max) 600 W 

Voltage at Max Power Point (Vmp) 45.3 V 

Current at Max. Power Point (imp) 13.25 A 

Open Circuit Voltage (Voc) 53.5 V 

Short Circuit Current (Isc) 14.03 A 

Normal Operating Temp. (NOCT) 45℃ (±2℃) 

Panel Dimension (mm) 2465 ×1134× 35 

Panel Weight (Kg)  31.1 kg (Approx.) 

Max. Series Fuse 25 A 

Max. System Voltage  1500 VDC 

Module Efficiency STC 21.5 % 

 

 

Fig. 3. Veichi IS23, 75-kW inverter. 

 

Table 2 

Veichi IS23, 75-kW inverter datasheet. 

Model Veichi IS23 T3 

Nominal Power 75 kW 

Voltage output 380 (V) 

Peak output current 150 (A) 

Peak input power 115 (KW) 

Peak input voltage 800 (VDC) 

MPPT voltage range 350-750 (VDC) 

Frequency 0-600 (Hz) 

Table 3 

The technical specifications of the 3-phase VSM 8/100 

motor 

Type VSM 8/100 

Power- kw 75 

Volt- v 380 

Current- A 150.7 

Frequency-HZ 50 

Efficiency 84 % 

Dimensions-mm Φ=192,   L =1366 

Cos φ 0.88 

Table 4 

The technical specifications for the Vansan VSP-SS 08125/07 pump. 

Type Stages Flowrate weight Revolution Dimensions (mm) 

VSP-SS 08125/07 7 100-145 m3/h 71 kg 2900 rpm 
L Φ Shaft Φ 

1620 213 30 
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Fig. 4. The Vansan VSP-SS 08125/07 pump performance curves. 

2.1.4. Aquifer and borehole specifications 

According to the Ministry of Water Resources and 

Irrigation, the groundwater in the project area is located 

in the Eocene cracked limestone aquifer, which is con-

sidered one of the largest limestone aquifers in Egypt, 

with an average thickness of approximately 400 m and 

a static water surface depth of 70–110 m. This aquifer is 

characterized by an acceptable salinity of 2–3 g/L. These 

specifications are considered beneficial for establishing 

sustainable agricultural development projects. Table 5 

displays the borehole's technical specifications. 

Table 5 

Well Specifications. 

Land level above sea level 109.52 m 

Total depth of the well 610 m 

Static level 72 m 

Pumping rate during pumping experiment 180m3/h 

Pumping experiment time 24 hr. 

Reservoir loss factor B 0.0609 h/m2 

Maximum well drawdown 35.38 m 

Safe flowrate 150 m3/h 

drawdown corresponding to safe pumping 26.4 m 

Salt concentration 2176 mg/Lit. 

Coordinates 30 ̊E, 28 ̊N 
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2.1.5. PV System Setup 

Fig. 5 gives an illustration of the primary compo-

nents of the system, as well as the linking strategy and 

the working theory, as they are read and defined by 

simulation software. The system consists of a solar ar-

ray of 169 panels (13 panels in series, 13 strings in 

parallel). The array supplies the inverter with the ap-

propriate voltage (588.9 volts) and current (172.25 

amps) to operate efficiently (MPPT). The inverter 

(Veichi IS23, 75 kW) controls a 3-phase 100 hp motor 

(VSM 8/100), which drives a 7-stage submersible pump 

(VSP 08125/07). A 6000 m3 tank stores water for use at 

night or during system maintenance stops. 

 

Fig. 5. PV system configuration 

2.2. Methodology 

Prior knowledge of the characteristics and limita-

tions of each system component facilitates the process 

of designing and simulating the system; additionally, 

pre-sizing helps to assemble and prepare most of the 

data required to create a proper simulation. Overall, it 

is preferable to create an initial design with calculations 

before initiating the design and simulation process us-

ing PV SYST software. The main advantages of this ap-

proach are the assurance of the calculations' accuracy 

and the design's efficiency. Therefore, we will develop 

a preliminary design and select suitable components of 

the system. Next, we will assess the design's validity 

and efficiency using PV SYST software and then con-

duct a year-long simulation to assess the system's relia-

bility and analyze the various technical and environ-

mental factors influencing it. 

2.2.1. Essential data for system sizing 

The dimensions of the pumping pipes, the daily 

water usage, and the static water level are essential fac-

tors to understand throughout the different stages of 

designing the solar water pumping system. The current 

specifications are as follows: an average water usage of 

1015 m³ per day, a static water level of 72 meters, a 

drawdown rate of 0.18 m/m³/h, pumping pipes that are 

150 meters long, and a diameter of 6 inches (152.4 mm). 

2.2.2. Pump sizing and selection 

To choose the most suitable pump, it’s essential to 

accurately determine the total dynamic head (TDH) in 

meters and the flow rate (Q) in cubic meters per hour. 

The friction head (Hf) in meters indicates the pressure 

loss in the piping system caused by friction. The friction 

head was calculated using Equation 1 based on the Ha-

zen-Williams formula. 

Hf = K × l × (
Q

C
)1.852 × d−4.87 … [1] 

where d is the inner diameter of the pumping pipelines 

(mm), Q is the discharge (lit/s), l is the length of the 

pumping pipelines (m), K is the constant coefficient 

(1.22*1010), and Hf is the friction loss (m). 

hf = 1.22 × 1010 × 150 × (
40.28

150
)1.852 × 150−4.87 = 4m 

The total dynamic head (TDH) is the total equiva-

lent height to which water must be raised vertically, 

considering friction losses in the pipe. Eq. 2 expresses 

the total dynamic head TDH. 

TDH = Hst +  Hd +  Hf +  Hp … [2] 

In this context, Hf denotes friction head (m), Hd 

represents drawdown head (m), Hp signifies pressure 

head (m), and Hst indicates static head (m). 
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TDH =  72 +  26.4 +  4 +  30.6 =  133 m 

It is necessary to select the right pump from the 

pump efficiency charts utilizing TDH (133 m) and dis-

charge (145 m3/h). The efficiency chart specified a 100-

horsepower, 7-stage pump. 

2.2.3. The variable frequency drive's (VFD) sizing 

▪ The inverter is regarded as the central component of a 

solar power facility. Selecting the wrong inverter can 

result in issues or damage to the PV system or the 

devices that depend on it for energy. Therefore, the 

following factors must be considered when sizing a 

pumping inverter (Khamisani 2019; Muzaffar and Iq-

bal 2020): 

▪ Motor power ≤ inverter power. 

▪ To ensure optimal operation, the PV panel's maxi-

mum power voltage (Vmp) must be within the MPPT 

voltage range of the inverter. 

▪ The open-circuit voltage (VOC) of a solar array needs 

to be less than the maximum voltage that the inverter 

can accommodate (Usman et al., 2020; Chandel et al., 

2014). 

These parameters led to the selection of an inverter 

with the following features: Veichi SI23 75 kW, pure 

sine wave, maximum input voltage of 800 V, MPPT 

voltage range of 350-750 V, and maximum array power 

of 115 kW. The arrangement of the array's panels may 

be selected in order to ensure that its output meets the 

inverter's parameters by referring to the inverter's spec-

ifications. 

2.2.4. Sizing the photovoltaic array 

The panel's output diminished during the morning, 

overcast, and sunset phases. The power needed to run 

the pump, multiplied by 1.3, determines the capacity of 

the photovoltaic array. 

PV array power = 1.3 x pump motor power = 1.3 x 

100 hp = 130 hp = 130 hp x 746 W = 96980 Watts 

Number of solar modules = PV array power / mod-

ule power (Faiz et al.,2021) 

= 96980/ 600 = 161.6 modules  162 modules 

The way in which panels are connected (either in 

parallel or in series) is determined by the voltage and 

current requirements for the inverter to operate effi-

ciently. According to the Veichi 100 hp inverter specifi-

cations, 13 panels are connected in series to create 13 

strings. Each string has a voltage of 588.9 V (calculated 

as 13 × 45.3 V). The 13 strings are then linked in parallel 

to produce a total current of 172.25 A (which is 13 x 

13.25 A). To meet the inverter's specifications, the num-

ber of modules needs to be calculated by multiplying 

the number of modules in each string by the total 

number of strings, resulting in a total of 169 modules 

(Aghaei et al., 2020a). 

2.2.5. Sizing cables and wires 

When selecting direct current cables, it is impera-

tive to exercise caution, as the improper selection of ca-

bles and wires may lead to many issues, including over-

heating, malfunction, and, in some cases, fires, which 

may inflict significant damage to the facility or even re-

sult in human casualties. The cross-sectional area of the 

wire or cable may be determined using the voltage drop 

equation (Ameur et al., 2021). 

▪ The DC wires' cross-sectional area between the array 

and the combiner box is calculated as follows (Eq. 3): 

A =
2 × L × I × ρ

Vd × V
 

… [3] 

▪ In this equation, A represents the cross-sectional area 

of the wire (in mm²), L denotes the length of the wire 

(in meters), and ρ signifies the resistivity of the con-

ductor (0.017 Ω.mm²/m for copper and 0.028 

Ω.mm²/m for aluminum). Vd indicates the voltage 

drop (which can range from 1% to 3%), while V refers 

to the voltage across the wire (in volts). 

A =
2 × 50 × 14.03 × 0.017

0.03 × 588.9
=  1.35 mm2 

▪ Due to its unavailability in the market, the next largest 

commercially accessible value, 4 mm2, is used. 

▪ The DC wires' cross-sectional area between the com-

biner box and the inverter is calculated as follows: 

A =
2 × 15 × 182.39 × 0.017

0.03 × 588.9
=  5.3 mm2 

Because this value is unavailable in the market, the 

next larger commercially accessible value of 6 mm2 is 

used. 

▪ Sizing the DC circuit breaker (located between the 

combiner box and the inverter) (García et al., 2021; 

Aghaei et al., 2020b). 

DC CB capacity amp. = 1.56 × ISC = 1.56 × 182.39 = 

284.5 A 

Due to its unavailability in the market, the next 

larger commercially accessible value, 300 A, is used. 

▪ Sizing the DC string fuses within the combiner box:  

   Fuse capacity amp. = 1.56 × ISC = 1.56 * 14.03 = 21.9 A 

    Because this value is unavailable in the market, the 

next largest commercially accessible value, 25 A, is 

used. 

2.2.6. Simulation software and the design process 

The simulation was conducted with the renowned 

PV SYST 7.4 software. This program enables the design 

of a variety of solar energy systems, including on-grid, 

off-grid, and pumping systems. A notable benefit of 
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using the PV SYST software is its ability to notify the 

designer of any errors, including minor ones, in the de-

sign or selection of system components. It additionally 

provides essential information regarding the perfor-

mance and efficiency of the system over the course of 

the year. A key function of this program is to perform a 

year-long performance simulation of the system (Rout 

and Kulkarni, 2020; Kumar et al., 2021). Fig. 6 illus-

trates the steps involved in utilizing the PVSYST soft-

ware for the PVWPS design. The design process begins 

by selecting the geographical site and then defining the 

collector array orientation. Select the "Water needs" but-

ton on the "Pumping Hydraulic Circuit" page to define 

the pumping circuit, specifically the " pumping water 

from a deep well to a storage tank" system. On the "Wa-

ter needs and head definitions" page, specify the water 

needs in m3/day and the pumping static depth. In the 

"System" dialog, on the "Pump definition" page, select 

the pump model. On the "Sub Array Design" page, 

choose the photovoltaic (PV) module along with an ap-

propriate configuration for the PV array, and establish 

the number of modules arranged in series or parallel for 

the design of the PV array. Additionally, you need to 

select the control mode and controller device. You 

should open the controller device and check its param-

eters. No red errors mean you can run your first system 

simulation. Fig. 7 illustrates the main software interface 

throughout the design and simulation of PVWPS. 

3. Results and discussions 

3.1. Sun trajectory and horizon 

The azimuth and solar altitude for an annual cycle 

are represented in degrees by the solar path. The 

azimuth, measured in degrees clockwise from true 

north, denotes the horizontal angle of the sun's position. 

Conversely, the sun's altitude denotes the angle at 

which it is raised above the horizon. The sun path 

diagram depicts overlapping lines that represent the 

sun's trajectories in relation to specific shading 

conditions (Ramoliya, 2015). The tangential boundaries 

of the plane, or the locations where the sun's rays are 

parallel to it, are denoted by blue lines. This illustration 

provides a simulated assessment of the distribution of 

shade based on the season and the time of day (Serat et 

al., 2023). Because the photovoltaic system is located in 

the Northern Hemisphere, its PV modules should be 

oriented southerly. The sun path diagram in Fig. 8 

clearly indicates that the PV array is appropriately po-

sitioned and that the sun maintains a high height above 

the horizon for most of the year. During the morning, 

afternoon, and winter, the solar elevation angle is below 

35 degrees, and the azimuth angle exceeds 60 degrees. 

This may cause shade from objects on the horizon. 

3.2. The inclination and orientation of the PV array 

 To achieve optimal production, the tilt angle of the 

panels is set to align with the local latitude, while the 

panels face south in the northern hemisphere. PV SYST 

generates a table containing 475 annual transposition 

factor calculations for varying tilt angles and azimuth 

orientations. Subsequently, the tool provides curves for 

different transposition factors, showcasing "iso-

transposition" orientations alongside the best 

orientation. Each curve also indicates the extent of loss 

compared to the ideal orientation (El Abagy et al., 2021). 

The transposition factor refers to the proportion of radi-

ation received on the plane (GlobInc) compared to the 

horizontal radiation (GlobHor). It indicates a gain (or 

reduction) when the collector plane is tilted. Fig. 9 

demonstrates that the optimal tilt and orientation an-

gles are 28 degrees and 0 degrees, respectively. Further-

more, it indicates that the loss associated with tilt and 

orientation relative to the optimum is zero. 

3.3. Reference Energy Received in the Collector Plane 

GlobInc [kWh/m²/day] 

In the collector plan, the reference incident energy 

Yr GlobInc (kWh/m2/day) is equal to the ideal array 

yield based on Pnom as specified by the manufacturer, 

assuming no losses occur (Yr Normalized Reference 

nominal energy at STC kWh/kWp/day). To put it an-

other way, the normalized reference nominal energy Yr 

[kWh/kWp] indicates the electrical energy produced by 

the reference incident energy on the collector plane un-

der standard test conditions (kWh/m2). There is fre-

quently ambiguity surrounding the units of the quan-

tity Yr, which can be interpreted as either the incident 

energy presented in units of [kWh/m2/day], or the ideal 

array yield based on Pnom, measured in units of 

[kWh/KWp/day]. This numerical equivalence is based 

on the STC definition: one kWh/m2 of irradiance should 

result in one kWh/kWp of produced electricity. The 

confusion arises from the fact that the kWh in these two 

units refer to different concepts; in the first case, 

[kWh/m2/day], the kWh signifies incident irradiance en-

ergy (light flux), whereas in the second case, 

[kWh/kWp/day], the kWh indicates generated electrical 

energy (El Abagy et al., 2021; Elsaadawi et al., 2025). 

Fig. 10 illustrates the reference incident energy 

measured on the collection plane. In August, the 

estimated incident energy for the collection plane 

reached its peak at 6.67 kWh/m2/day, while in 

December, it fell to its lowest point of 4.79 kWh/m2/day. 

Over the course of the year, the average reference 

incident energy on the collection plane was calculated 

to be 6.029 kWh/m2/day. 
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Fig. 6. The process of using PV SYST software [15] 

 

Fig. 7. PV SYST 7.4 during PVWPS design. 

 

Fig. 8. Sun trajectory and horizon. 
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Fig. 9. PV Array tilt and orientation. 

 

Fig. 10. Reference Incident Energy in the Collector Plane GlobInc. 

3.4. Normalized output and reduction factors 

The yield of an array, expressed as kWh/kWp/day, 

is known as daily energy production (Ya). The daily us-

able energy output of the system, also called system 

yield (Yf), is measured in kWh/kWp/day. The collection 

loss (Lc) is defined as the gap between the reference en-

ergy incidence on the collector plane (Yr) and the array 

yield (Ya). This loss encompasses factors such as wiring, 

thermal properties, module quality, IAM losses, mis-

match, dirt, shading, regulation losses, MPP, and addi-

tional inefficiencies. System losses (Ls) represent the 

difference between the array yield (Ya) and the system's 

daily usable energy, or system yield (Yf). Examples of 

Ls are inverter losses in photovoltaic water pumping 

systems and battery inefficiencies in stand-alone sys-

tems. Unused energy (Lu) is the hypothetically availa-

ble energy at the array output that remains unutilized 

due to system saturation, such as a fully charged bat-

tery, restricted load in a DC grid system, or a full tank 

in a photovoltaic water pumping system (PVWPS). The 

collection loss (Lc) occurs only when the system con-

sumes the generated energy (Kumar et al., 2017; Espina 

et al., 2022). The unused energy (Lu) (tank full) reached 

0.46 kWh/kWp/day. The collection losses (Lc) or PV ar-

ray losses of the array were 0.81 kWh/kWp/day. The 

system losses (Ls) were 0.26 kWh/kWp/day. The un-

used energy (Lu) with a full tank reached 0.46 

kWh/kWp/day. The collection losses (Lc), which are 
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also referred to as PV array losses, totaled 0.81 

kWh/kWp/day. System losses (Ls) were recorded at 0.26 

kWh/kWp/day. The final yield (Yf) is defined as the 

daily useful output energy of the system, indicated in 

nominal power (kWh/KWp/day) (Nag and Gan-

gopadhyay, 2022). The final yield (Yf) of this system 

was 4.47 kWh/kWp/day (Fig. 11). Fig. 12 illustrates the 

normalized production and loss factors represented as 

percentages. 

3.5. Performance Ratio (PR) 

The global system efficiency is characterized by the 

performance ratio (PR), which indicates the ratio of the 

actual energy produced (Yf) to the energy that would 

be generated if the system operated continuously at its 

standard test conditions (STC) efficiency (ideal array 

yield Yr) (Nag and Gangopadhyay, 2022). In the context 

of autonomous systems, this pertains to the photovol-

taic energy that is delivered efficiently to the pump. The 

PR accounts for various losses, including optical (such 

as shading, incident angle modification, and soiling), 

array losses (like PV conversion, aging, module quality, 

mismatch, wiring, etc.), and system losses (inverter ef-

ficiency in both grid-connected and pumping applica-

tions, as well as storage/battery/unused losses in off-

grid systems). This indicator functions on its own, un-

like the "Specific energy production" indicator that de-

pends on the orientation of the plane and meteorologi-

cal data, measured in [kWh/kWp/year]. This allows for 

the evaluation of the quality of systems in installations 

with various orientations and locations. The PR indi-

cates the availability of solar energy for end-use appli-

cations (Kumar et al., 2021; Cosgun and Demir, 2024). 

Fig. 13 shows the PV pumping system performance ra-

tio (PR) of 0.74. 

3.6. Distribution of Incident Irradiation 

Fig. 14 shows how global incident irradiance is dis-

tributed on the PV system’s collector. The histogram 

represents the distribution of the total global incident 

energy (kWh per 20 W/m² class) based on the global in-

cident at the collection plane (W/m²). The accumu-

lated global incident energy in the collecting plane 

(kWh/class of 20 W/m2) is organized into "bins" (bars or 

classes) based on certain operational circumstances de-

fined along the abscissa (global incident irradiance in 

the collection plane (W/m2)). A bin or class represents 

the aggregation of energy for each simulation time step 

when the global incidence on the collecting plane 

(W/m2) falls within a specified range, such as between 

400 and 420. In this instance, the "bin" ranges from 400 

to 420 W/m2. The height signifies the cumulative energy 

received on the collecting plane during the year, during 

which the global incident energy on the collection plane 

ranged from 400 to 420 W/m2. 

3.7. Effective Irradiance and array temperature 

The variation in the array's temperature in response 

to variations in effective irradiance is illustrated in Fig. 

15. The average temperature of the array fluctuated be-

tween 25°C in winter and almost 60°C in summer, 

which significantly deviates from the STC values (25°C 

at 1000 W/m2) (Nag and Gangopadhyay, 2022). Elevated 

temperatures are unequivocally a significant factor det-

rimentally impacting solar panel efficiency, with ther-

mal losses constituting 9.83% of the array's nominal 

output at Standard Test Conditions (STC). 

 

Fig. 11. Normalized productions (kWh/KWp/day). 
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Fig. 12. Normalized production and loss factors, expressed as percentages 

 

Fig. 13. Performance Ratio PR 

 

Fig. 14. Incident Irradiation Distribution 
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Fig. 15. Array temperature vs. effective irradiance. 

3.8. The array's daily input/output 

The daily input/output diagram shown in Fig. 16 il-

lustrates the global incident irradiance on the collection 

surface in kWh/m2/day and the overall effective energy 

production from the array in kWh/day (Serat et al., 

2023). The average global incident irradiance on the 

collecting surface was measured at 6.03 kWh/m2/day, 

while the mean effective energy output from the array 

was 519.20 kWh/day (Abbood Al-Khazzar, 2018). The 

effective energy production of the array recorded mini-

mum and maximum values of 435.66 kWh/day in De-

cember and 559.55 kWh/day in April, respectively, as 

seen in Fig. 17. 

 

Fig. 16. Daily Input/Output of the array. 

 

Fig. 17. Daily array output effective Energy. 
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3.9. Effective array's power distribution 

The effective power distribution of the PV array is 

shown in Fig. 18. The histogram demonstrates how ef-

fective energy production from the array is distributed 

(kWh/class of 1 kW) in relation to the effective power 

output from the array (W). The total effective energy at 

the output of the array (kWh/class of 1 kW) is catego-

rized into "bins" (bars or classes) according to a defined 

operating state illustrated on the horizontal axis 

(effective output power of the array, kW) (Nag and 

Gangopadhyay, 2022; Ali et al., 2023). A bin or class 

represents the aggregation of energy at every simula-

tion step of time when the effective power at the array's 

output (kW) falls within a specified range, such as be-

tween 30 and 31. In this instance, the "bin" ranges from 

30 to 31 kW. Its height signifies the total effective energy 

production of the array (kWh per class of 1 kW) during 

the year, while the effective power output of the array 

(kW) ranged from 30 to 31 kW. 

 

Fig. 18. Array effective power distribution. 

3.10. Efficiency, I-V, and P-V of PV panels 

 The I-V and P-V charts depict the various voltage-

current and voltage-power values for a specific module. 

These curves are key indicators of the module's 

performance. From the I-V and P-V graphs, crucial 

values can be determined, such as the open-circuit 

voltage (VOC), short-circuit current (ISC), and 

maximum power point (Pmax). Open-circuit voltage 

(Voc) is defined as the maximum voltage when no 

current is being drawn from the module. The short-

circuit current (ISC) represents the current that flows 

through the solar module when the voltage is at zero or 

when the solar cell is shorted. The maximum power 

point (MPP) is identified as the point at which the 

product of voltage and current reaches its highest 

values (Elsaadawi et al., 2023). Fig. 19 shows the I-V 

curves as a function of different irradiance levels: the 

VOC and ISC equal 50.28 V and 14.17 A, respectively, 

at 1000 W/m2 and 45 °C. Fig. 20 illustrates the P-V 

curves, where Pmax and Vmax equal 558.7 W and 41.5 

V, respectively, at 1000 W/m2 and 45 °C. Fig. 21 

illustrates the efficiency curves at various levels of solar 

radiation and temperature. Elevated temperatures have 

an adverse effect on solar panels; thus, when solar 

radiation reaches 1000 watts/m2 and the temperature 

rises to 70 °C, the efficiency drops to 18%. In contrast, at 

a temperature of 40 °C, the efficiency improves to 

20.4%, highlighting the considerable negative influence 

of high temperatures on solar energy systems. The 

maximum power and panel efficiency values were 600 

W and 21.5%, respectively, at 1000 w/m2 solar radiation 

and 25 °C. 

3.11. Variable frequency drive efficiency 

The inverter is considered an essential element of 

the system, acting as a critical connection between other 

components and frequently described as its core. It 

converts direct current to alternating current and 

operates at a variable frequency to optimize the yield of 

fluctuating solar radiation, particularly during the 

morning, evening, and winter. The efficiency of the in-

verter directly influences the energy output of the sys-

tem in a linear manner. Thus, optimal system perfor-

mance necessitates great efficiency over the whole 

power spectrum. The inverter's efficiency, representing 

the proportion of input power converted to output, is 

contingent upon the input voltage, input power, and 

the load fraction imposed on the equipment. Fig. 22 il-

lustrates the inverter efficiency, which attained 96%, 

signifying that the inverter was subjected to suitable in-

puts and outputs from the panels and loads (Ramoliya, 

2015). 
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Fig. 19. JA (JAM78S30-600MR) photovoltaic module current-voltage characteristics at various levels of 

irradiance. 

 

Fig. 20. The P-V curves of the JA (JAM78S30-600MR) photovoltaic module at various levels of irradiance. 

 

Fig. 21. JA PV module performance graphs at various irradiance and temperature conditions. 
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Fig. 22. Veichi IS23, 75-kW Inverter efficiency. 

3.12. Flow rate and quantity of water being pumped 

The average flow rate of the pump is 116 m3/h, as 

illustrated in Fig. 23. The monthly average volume of 

water pumped was 30,880.8 m3, leading to an overall 

yearly volume of water pumped totaling 370,571 m3. 

Considering the total monthly requirement of 30,872.9 

m3, it is evident that the system adequately meets the 

water demand with a slight surplus in water produc-

tion. This provides a favorable buffer in the event of fu-

ture increases in water requirements or a reduction in 

well flow. 

 

Fig. 23. Submersible Pump flow rate. 

3.13. System balance and losses (loss diagram) 

The loss diagram for the PV water pumping system 
is presented in Fig. 24. The sequential illustration of 
losses in the solar energy system can be seen in the loss 

diagram. Solar PV systems undergo several types of 
losses, which encompass module mismatch loss, ohmic 
wiring loss, module quality loss, threshold power loss 
in the converter, operational converter loss, charge/dis-
charge current efficiency loss, battery efficiency loss, 
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and threshold power loss in the inverter (Rout and 

Kulkarni, 2020; Agyekum et al., 2022). The most sig-
nificant system losses were array losses from heat 
(9.83%), mismatch losses (2.15%), unused energy (tank 
full) (7.80%), operational converter losses (3.21%), 

drawdown head losses (17.91%), and friction head 
losses (3.38%). Following the assessment of the losses, 
the quantity of water pumped was calculated. The vol-
ume of water pumped amounted to 370,570 m3, while 
the necessary volume was 370,475 m3. 

 

Fig. 24. loss diagram. 
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4. Conclusions 

This study was conducted to design and simulate a 

101.4 kW photovoltaic water pumping system using 

PVsyst 7.4 software to supply clean water to a farm ex-

periencing power and water shortages. The findings of 

this study culminate in the following conclusions:  

▪ The errors in the design and component selection 

were corrected using PV SYST software, leading to 

the creation of an optimal design for the solar water 

pumping system. 

▪ Based on the results of the simulation, it was possible 

to verify the efficiency, reliability, and ability of the 

system to meet water requirements. 

▪ The effective solar radiation on the collector plane was 

2145 kWh/m², whereas the nominal power output of 

the array was 461.46 kWh/m², indicating an efficiency 

value of 21.5% for the array. 

▪ Inverter efficiency reached 96%, signifying that it en-

countered appropriate inputs and outputs from pan-

els and loads. 

▪ The electrical energy consumed by the pumping unit 

was 165,414 kWh, whereas its hydraulic energy was 

120,274 kWh, yielding a pump efficiency of 72.7%. 

▪ The volume of pumped water was 370,570 m3, and the 

required volume was 370,475 m3. It is evident that the 

system adequately meets the water demand with a 

slight surplus in water production. This provides a fa-

vorable buffer in the event of future increases in water 

requirements or reductions in well flow. 

▪ Furthermore, the performance ratio for the majority of 

the year was approximately 74%, which is satisfac-

tory. 
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   PV SYSTتطوير ومحاكاة نظام طاقة شمسية باستخدام برمجية 

 1 علوان علي درويش، 2  إيناس لقمان عبد اللطيف سالم ،1 محمد محمد ممدوح جعيصه  ،1 يوسف فايز السعداوي

 . ، مص القاهرة جامعة الأزهر، الهندسة الزراعية،قسم هندسة تصنيع المنتجات الزراعية، كلية  1
 مص.  ة،يالزراع مركز البحوثالهندسة الزراعية،  معهد بحوث 2
 

ي    الملخص العرب 

 
 
    وفرة الطاقة الشمسية غالبا

ّ
عد

ُ
ي المناطق الصحراوية. وت

تصاحبها ندرة مصادر الطاقة الأخرى والمياه النظيفة، كما هو الحال ف 

مجية  ي مجلات محكمة تتناول تصميم ومحاكاة أنظمة الطاقة الشمسية باستخدام الحزمة البر
نادرة.    PV SYST الأوراق البحثية المنشورة ف 

كيلوواط باستخدام برمجية   101.4لذلك، تم إجراء هذه الدراسة لتصميم ومحاكاة نظام ضخ مياه جوفية يعمل بالطاقة الشمسية بقدرة  

PV SYST  ،ي موارد المياه والطاقة
ي من نقص ف 

بالمياه اللازمة للمرافق والعمليات الزراعية. بالإضافة إلى ذلك، ومن    ،بهدف تزويد مزرعة تعان 

، تم جمع معلومات حول خسائر النظام، ومكوناته غبر المناسبة، وأخطاء  PV SYSTخلال محاكاة النظام لمدة عام كامل باستخدام برنامج  

كيب، يُمكن توفبر الوقت والجهد والموارد. بلغ قيمة الإشعاع الشمسي الفعال على   التصميم. ومن خلال معالجة هذه المشكلات قبل البر

. وهذا يوضح كفاءة  2كيلوواط ساعة/م  461.46سمية  ، بينما سجلت الطاقة الإ 2كيلوواط ساعة/م  2145سطح مصفوفة الألواح الشمسية  

ي بلغت  
ي ظل ظروف الاختبار    %21.5المصفوفة، والتر

كيلوواط ساعة، كانت   217810ة  سمية للمصفوفوعندما وصلت الطاقة الإ  . (STC)ف 

كيلوواط ساعة. ويعود هذا الاختلاف إلى الخسائر، وأهمها خسائر المصفوفة بسبب ارتفاع درجات   120274قيمة الطاقة الهيدروليكية  

لوواط كي  165414. سجلت الطاقة الكهربائية التشغيلية للمضخة  %3.21وخسائر العاكس أثناء التشغيل بمعدل    %9.83الحرارة بمعدل  

ي تم ضخها %72.7كيلوواط ساعة، ما نتج عنه كفاءة مضخة بنسبة    120274ساعة، وبلغت طاقتها الهيدروليكية  
. وبلغ حجم المياه التر

ي الوقت الذي كانت فيه متطلبات المياه    370570
ا على تلبية    370475مبر مكعب/سنة، ف  مبر مكعب/سنة، مما يشبر إلى أن النظام كان قادر 

 . ، وهي نسبة مُرضية. وهذا يدل على صحة وكفاءة تصميم نظام الطاقة الكهروضوئية وموثوقيته%74.1لمياه. بلغت نسبة الأداء  متطلبات ا
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