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Abstract—Water is a vital resource in the agricultural sector, 

as most farmland relies on tubewells for irrigation. Solar 

photovoltaic pumping systems (SPVPS) have emerged as a 

promising solution for sustainable agricultural irrigation, 

providing clean and efficient alternatives to traditional energy 

sources. However, induction motors used in (SPVPS) suffer 

from problems including voltage instability, decreased 

efficiency, overheating, and mechanical stress due to the varying 

nature of PV electricity. This paper focuses on the analysis of an 

irrigation system by MATLAB/Simulink simulation 

environment to analyze the performance of  (SPVWPS), which 

consists of a 22 kW three-phase induction motor connected to a 

photovoltaic system under the climatic operating conditions of 

Mosul, Iraq. The results showed that operating the water pump 

using the solar system led to a decrease in the motor torque by 

9% and the motor efficiency decreased by 34.3% compared to 

when supplied with electrical power from the grid. The results 

showed that the system achieved its best performance at a peak 

of the solar irradiance of 860 W/m² and a temperature of 24.6°C, 

with the induction motor speed reaching 1,317 rpm and a 

maximum efficiency of 48.4%. The total harmonic distortion 

(THD) in the rotor current peaked at 184.37% at 24°C before 

decreasing to approximately 45.3% at higher temperatures. The 

increased THD is due to a combination of inverter stress, poor 

waveform quality under thermal load, and high-frequency 

disturbances caused by variable environmental conditions. It’s 

a typical challenge in solar-powered motor drives, especially in 

off-grid or remote agricultural systems. These results effectively 

contribute to supporting sustainable agricultural practices by 

ensuring the continuity and efficiency of motor operation. 

Keywords—Solar Water Pumping; PV Panels; Agricultural 

Technology; Induction Motor; Agricultural Photovoltaic; Stand-

alone PV System. 

I. INTRODUCTION  

Integrating photovoltaic (PV) systems contributes to 

enhancing the efficiency of agricultural irrigation systems by 

providing a reliable and sustainable source of energy to 

operate pumps and equipment. This integration reduces 

reliance on fossil fuels, lowering operating costs and carbon 

emissions. It also enhances the sustainability of the 

agricultural sector, especially in rural areas with poor 

electrical infrastructure [1]–[6]. Solar water pumping stations 

(SWPPs) are among the most important and promising 

applications of photovoltaic systems in all of the above areas. 

Advances in photovoltaic modules, in terms of production, 

design quality, and the technologies used in these systems, 

have made them among the most suitable and widely used 

water pumping systems [7]–[11]. 

 These systems use solar energy to lower expenses and 

increase operational efficiency in addition to offering a 

sustainable power source [12]–[16].  

Although the on-grid power supply provides the 

necessary power for an irrigation pump motor, there are still 

concerns about the availability of electricity in rural 

locations. Choosing clean and green energy is essential to 

living a self-sustainable life in light of growing worries about 

global warming and carbon [17]–[20] and water is becoming 

increasingly crucial for urban areas, agriculture, and the 

world's expanding population, especially in emerging 

nations. Securing access to water sources in rural or remote 

areas requires the provision of efficient pumping 

technologies supported by adequate and sustainable energy 

systems to ensure the continuous and reliable operation of 

water systems in light of the limitations of traditional 

infrastructure [21]–[24].  

One of the most vital components of the global food 

supply is agricultural irrigation, especially in arid regions. 

This is due to the environmental and financial challenges 

faced by irrigation systems powered by conventional energy 

sources. Clean energy generated from PV systems and 

directly from sunlight is one of the most important and largest 

clean energy sources and is considered a practical and 

environmentally friendly solution [25]–[33]. When PV 

systems are integrated into irrigation systems, farmers save 

significant energy costs. They also help save the environment 

by reducing pollution and greenhouse gases [18], [34], [35]. 

The 85% drop in the price of flat-panel solar panels over the 

past decade has led to a lower tariff, reaching €0.5/W. This 

has fueled the widespread and accelerated adoption of 

photovoltaic irrigation systems [2], [36].  

Various types of electric motors have been used in 

irrigation systems. However, with the increasing use of solar 

energy in irrigation systems, several problems have emerged 

with these types of electric motors [5], [37]–[42]. In addition, 

there are numerous techniques and methods that were used to 

achieve the optimal practical environment for these types of 

motors when used in agricultural irrigation systems. 

Induction motors are widely used in agricultural irrigation 

systems because they are designed to operate efficiently with 

a constant power source [43]–[51].  
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Despite the advantages and benefits of PV irrigation 

systems and modern techniques, they also have drawbacks 

that can make operating water pumps and induction motors, 

commonly used in agricultural irrigation, difficult. 

Fluctuations in voltage and frequency, as well as varying 

radiation and temperature during operation.  In addition to 

increased losses and total harmonic distortion for the voltage 

and current are among the most significant challenges facing 

these systems [52]–[55].  

Undoubtedly, these variables will impact the performance 

of the induction motor, resulting in mechanical stress 

variations, decreased efficiency, increased harmonics, and 

increased temperature. Therefore, it is essential to know, 

interpret, and understand these variables between induction 

motors and solar energy systems used in irrigation systems 

[56]–[60]. However, due to the inherent characteristics of 

solar energy systems, these systems may not operate properly 

when operated and used in irrigation systems. Fluctuations in 

the aforementioned variables can lead to, first, a shortened 

motor lifespan and, second, a reduced efficiency, which can 

impact irrigation operations. Furthermore, a mismatch 

between PV output and motor operation, especially during 

critical times, can impair performance and increase energy 

losses [34], [61], [62].  

This study aims to demonstrate the importance of using 

solar energy systems in irrigation systems, as well as the 

impact of voltage and frequency fluctuations from these 

systems on induction motors used in such systems. The study 

also addresses the key elements that can affect the 

characteristics of an induction motor. Field experimental 

results were taken from field irrigation systems in Mosul, 

Iraq, to highlight these points and problems that should be 

addressed by specialists and consultants in this field. A solar 

photovoltaic water pumping system (SPVWPS) was 

designed, taking into account water requirements, solar 

radiation resources, and the optimal tilt angle and orientation 

of the panels. The MATLAB/Simulink simulation 

environment was used to analyze the performance of the 

designed system. This paper focuses on the analysis of an 

irrigation system consisting of a 22 kW three-phase induction 

motor connected to a solar photovoltaic system under the 

climatic operating conditions of Mosul, Iraq. This study will 

provide a clear, evidence-based vision to ensure improved 

performance of motors used in irrigation systems.  

II. MATERIALS AND METHODS 

In order to determine the crucial elements influencing the 

induction motor's performance, the simulation data are lastly 

examined. To evaluate the effects of temperature, motor load, 

and solar irradiation on motor behavior, parametric tests are 

carried out. The results shed light on the difficulties faced by 

PV-fed systems and aid in the suggestion of fixes to raise 

motor efficiency and stability [63]–[66]. The study gains 

from a flexible platform that can model complex systems and 

analyze their interactions in an affordable and tightly 

controlled virtual environment by relying just on 

MATLAB/Simulink [67]–[69], [69]–[73]. The proposed 

methodology in this study, dependent on the scalar control 

technique to operate a solar water pump, can be illustrated in 

the flow chart shown in Fig. 1. The water pump is controlled 

by an induction motor powered by SPWM technology. The 

motor requires controlling the voltage and frequency to 

achieve a constant flow rate. The reference speed is the input 

parameter upon which this control technique will be based, 

and it depends on the electrical power generated by the 

photovoltaic array, which in turn depends on weather 

conditions (irradiance intensity and temperature). 

 

Fig. 1. Proposed methodology flow chart 

The photovoltaic water pumping system shown in Fig. 2 

consists of a photovoltaic array followed by a boost converter 

that extracts maximum electrical power from the photovoltaic 

array using the incremental conductance method under 

various weather conditions. A V/f controller is also used to 
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control the IM. A VSI is used to provide pulse-width 

modulated voltage input to the motor and pump assembly. 

 

Fig. 2. Components of PV water pumping system 

A. Pump Water Selection 

An induction motor of 30 HP (22kW) is selected for the 

proposed system. The motor pump parameter and 

specifications are shown in Table I. 

TABLE I.  MOTOR PUMP SPECIFICATIONS 

Description Specification 

MODEL Y2-1180L-4 

Voltage (V) 380 

Number of poles 4 

Power 30 HP (22 kW) 

Speed (rpm) 1470 

Current (A) 43.2 

Efficiency % 91 

Torque  (N.m) 142.93 

Moment of Inertia (kg·m2) 0.102 

Power factor 0.85 

 

The power consumption of a water pump is directly 

proportional to the cube of its rotational speed. The pump 

proportionality constant (KPump) is derived based on the rated 

power of the motor and its rated rotational speed, as shown in 

Equation (1). 

𝑃𝑢𝑚𝑝 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (𝐾𝑃𝑢𝑚𝑝) =  
𝑀𝑜𝑡𝑜𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 (𝑃)

(2𝜋 ∗ 𝑀𝑜𝑡𝑜𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 𝑆𝑝𝑒𝑒𝑑 /60)3
 (1) 

B. Design of Solar PV Array 

When designing a solar PV system for standalone 

operation, one important consideration is the safety factor, a 

multiplier that takes into account the size of the system 

components to accommodate sudden voltage fluctuations, 

temperature changes, and increased loads in the future.  

In addition, the array capacity must be compatible with 

the inverter size.  In this case, a PV array is selected as 38 kW 

in which 66 PV modules type (LONGi LR5-72HGD-585M) 

are used. The PV array consists of 11 series modules in the 

string with 6 strings connected in parallel. The individual 

module specifications are provided in Table II. 

TABLE II.  PV MODULE SPECIFICATIONS 

Parameter Value 

Maximum Power 585 W 

Voltage at Maximum Power 43.33 V 

Current at Maximum Power 13.51 A 

Open Circuit Voltage 51.52 V 

Short Circuit Current 14.30 A 

Temperature Coefficient of Voc -0.23 %/oC 

Temperature Coefficient of Isc +0.045 %/oC 

Cell Number 144 

 

In this study, the effect of daily weather conditions (Solar 

radiation and temperature) in the city of Mosul in Iraq during 

April was demonstrated. This irrigation system was used for 

six hours, extending from 7:00 AM to 1:00 PM, as shown in 

Fig. 3. This data was used as inputs to a signal Editor block 

that is connected to the PV array inputs. 

 

Fig. 3. Irradiance and temperature curves on 1 April in Mosul City, Iraq 

Fig. 4, shows the (I-V) and (P-V) characteristics of the 

proposed photovoltaic array model at different solar radiation 

and a temperature of 25°C. The radiation ratio and 

temperature play an important role in predicting the (I-V) 

characteristics, and the effects of both factors must be taken 

into account during the design of the photovoltaic system. 

 

Fig. 4. (I-V) and (P-V) characteristics of the designed PV array 

C. Design of DC-DC Boost Converter  

The power converter is an essential component in 

photovoltaic (PV) systems. One type is the DC/DC boost 

converter, which is fed from the photovoltaic (PV) array, as 

shown in Fig. 5. The boost converter is a highly efficient 

electrical circuit used to raise the voltage from the PV array 

to the optimal operating voltage level, with the aim of 

achieving maximum power point tracking (MPPT). This type 

of converter has several advantages, including simplicity, low 

cost, high efficiency, and high reliability compared to other 

configurations. 
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Fig. 5. Schematic of a DC-DC boost connected to a PV array 

The boost inductor duty cycle, (D) is given as (2), 

𝐷 = 1 − 
 𝑉𝑃𝑉,𝑀𝑝𝑝 

𝑉𝑂 
   (2) 

Thus, the Boost Inductance, L is calculated as (3), 

𝐿 =  
𝐷 ∗   𝑉𝑃𝑉,𝑀𝑝𝑝  

𝑓𝑠𝑤  ∗  ∆𝐼𝐿
 (3) 

Where 𝑉𝑂  is the DC-Link Voltage, 𝑉𝑃𝑉,𝑀𝑝𝑝 is the PV Array 

voltage at maximum power point,  𝑓𝑠𝑤 is the switching 

frequency, ∆𝐼𝐿  is the amount of ripple current. The value of 

the Boost Inductance L is selected as 2 mH. 

1) Control of Boost Converter:In this paper, the 

topology used is a two-stage conversion system for PV array-

fed water pumping. This system embodies a standard control 

of induction motor operation and maximum power extraction 

from the PV array using an incremental conductance (INC) 

algorithm.  The simplicity and ease of implementation of 

standard control outperform precision control algorithms, 

even if they require intensive calculations, such as vector 

control and direct torque control, the voltage and current of 

the photovoltaic array are sensed and fed into the (INC) 

algorithm. This algorithm determines the duty ratio of the 

boost converter based on changes in voltage, current, and 

power. A proportional-integral controller (PI) is used to 

maintain a constant voltage at the boost converter's output. 

2) MPPT ALGORITHM:  Due to the low operational 

efficiency of photovoltaic (PV) arrays, a maximum power 

point tracker (MPPT) is employed to enhance their 

effectiveness under variable irradiance and temperature 

conditions.  

The incremental conductance algorithm is one of the most 

widely used in this field, due to its high accuracy and ability 

to adapt to year-round weather fluctuations [74]–[77]. This 

algorithm relies on measuring both the array's output voltage 

and current using voltage and current sensors, then 

calculating the instantaneous conductance and incremental 

conductance at two consecutive time points (k-1). The array 

terminal voltage is adjusted to meet the maximum power 

point tracking condition, which is expressed by the 

mathematical equation: 

∆ 𝐼𝑃𝑉

∆ 𝑉𝑃𝑉

=  
− 𝐼𝑃𝑉

𝑉𝑃𝑉

,   𝑎𝑡 𝑀𝑃𝑃 (4) 

∆ 𝐼𝑃𝑉

∆ 𝑉𝑃𝑉

>  
− 𝐼𝑃𝑉

𝑉𝑃𝑉

,   𝑎𝑡 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 𝑜𝑓 𝑀𝑃𝑃 

∆ 𝐼𝑃𝑉

∆ 𝑉𝑃𝑉

<  
− 𝐼𝑃𝑉

𝑉𝑃𝑉

,   𝑎𝑡 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 𝑜𝑓 𝑀𝑃𝑃 

The duty ratio of the boost converter is adjusted by the 

algorithm as shown in Fig. 6, 

The operation of the INC algorithm works by gradually 

connecting (∆I/∆V) of the P-V characteristics, detecting the 

slope of the P-V characteristics curve (∆P/∆V). The value of 

this slope is equal to zero at the MPP point. If the slope value 

is greater than zero, then it is on the left side of the MPP, and 

when it is less than zero, it is on the right side.   

If the encountered slope is negative, the controller shifts 

the operating point to the left by decreasing the PV array 

voltage, and vice versa. This process continues until the slope 

becomes zero, indicating that the MPP has been reached. 

 

Fig. 6. Flowchart of (Incremental Conductance Algorithm)  

D. Scalar (V/F) Control of Pump Water Motor  

Scalar control of three-phase induction motors is the most 

common type of control by far due to its simplicity. Induction 

motors are typically powered by a 50 Hz voltage source. To 

control the motor and maintain a constant flux, the voltage 

must be proportional to the frequency [78]–[80]. When the 

motor is operating at a lower speed, the voltage must be 

reduced. Therefore, the reference speed can be considered the 

input to the control mechanism of V/f as shown in Fig. 7. 

According to the centrifugal characteristics of the pump, load 

torque is related to the speed according to the (5), 

𝑇𝐿 =  𝐾𝑃𝑢𝑚𝑝 ∗ 𝜔2   (5) 

Where TL represent is the load torque of the water pump, 

𝐾𝑝𝑢𝑚𝑝 is the pump constant, and ω is the rotor rotational 

speed measure in rad/s. 
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So, the absorbed pump power 𝑃𝐿  and its speed are directly 

related as mentioned in (6). 

𝑃𝐿 =  𝐾𝑃𝑢𝑚𝑝 ∗  𝜔3 (6) 

The power generated by the photovoltaic array is used to 

calculate the speed feed forward limit, in order to perfect the 

system dynamic performance. 

𝜔∗ =  √
𝑃𝑃𝑉

𝐾𝑃𝑢𝑚𝑝

3

 (7) 

Then used this reference speed 𝜔∗ to estimate the required 

reference operating 𝑓 frequency. 

𝑓 = 𝑝
 𝜔∗

2𝜋
 (8) 

Where 𝑝 is the number of the pole-pairs of the motor. The 

reference frequency 𝑓∗ can be calculated from (9), 

𝑓∗ = 𝑓 −  ∆𝑓 (9) 

∆𝑓, obtained from the DC-link voltage error using PI 

controller. The term ∆𝑓 compensates for the motor losses to 

ensure a power balance over the DC-link capacitor. 

The induction motor is controlled using the Scalar V/f 

control algorithm, which generates control pulses in VSI. 

  

Fig. 7. The control scheme  of the PV water pumping system 

III. RESULTS AND DISCUSSIONS 

The response to the suggested PV water pumping system 

is analyzed in MATLAB/SIMULINK as shown in Fig. 8. The 

IM operation is analyzed under various weather conditions to 

evaluate the dynamic response of the PV water pump. 

The results were based on operating data in the computer 

simulation when the pump was powered directly from the 

electrical grid. The other part of the results, which is more 

important, is when the pump was powered by solar cells.  To 

demonstrate the effect of photovoltaic systems on induction 

motor performance in agricultural irrigation applications, 

results were taken for both stator and rotor voltages and 

currents, as well as torque and speed. In addition, the results 

for efficiency and the resulting harmonics were analyzed, and 

their impact on the performance of these systems was 

demonstrated. 

First, the motor's performance was demonstrated when 

powered by a photovoltaic (PV) system under standard test 

conditions (STC) (solar radiation of 1,000 W/m² and 

temperature of 25°C) compared to a conventional electrical 

grid, as shown below. 

In Fig. 9, It is noticeable that the motor, when powered by 

the solar system, exhibits significant power fluctuations 

during the first seconds of operation, reflecting the difficulty 

in providing stable and responsive power. This behavior often 

results from the solar system's slow response to load changes 

or from fluctuating solar radiation, especially in the absence 

of backup batteries. Although the power stabilizes relatively 

at 1.9 kW after about two seconds, there are some momentary 

power drops at times 5, 6, and 7 seconds, indicating limited 

instantaneous power supply or a temporary deficit in the PV 

output. 

 

 

Fig. 8. Modeling the PV water pump system in MATLAB/SIMULINK 
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Fig. 9. IM power output in PV system and Grid system 

In contrast, when powered by the electrical grid, the 

motor exhibits an immediate and stable response from the 

first moment, with nearly constant power at 22 kW 

throughout the entire operation period without any 

fluctuations. This reflects the high reliability of the grid in 

supplying dynamic loads. Therefore, powering motors from 

a solar system often requires additional support via energy 

storage systems or hybrid configurations such as PV-Grid to 

ensure operational stability, especially in applications that 

require high reliability when starting and withstanding 

sudden load changes. 

While in Fig. 10, shows the motor speed in rpm versus 

time (in seconds), comparing the motor's performance when 

powered by a solar PV system versus the grid. It clearly 

shows a significant difference in speed behavior between the 

two systems.  

 

Fig. 10. IM speed output in PV system and Grid system 

When the motor is powered by the solar system, it is noted 

that the motor speed initially (from 0 to approximately 2 

seconds) experiences sharp fluctuations and significant 

instability due to insufficient instantaneous power or 

instability in the solar system's input voltage. Although the 

speed subsequently stabilizes at the nominal value 

(approximately 1450 rpm), there is a clear, temporary drop in 

speed at moments 5, 6, and 7 seconds, indicating fluctuations 

in the power supplied by the solar cell due to changes in 

irradiance or a delayed response from the power regulator 

(MPPT or inverter). 

In dissimilarity, the grid exhibits remarkably stable 

performance, with the motor speed reaching the desired value 

immediately without fluctuations and remaining constant 

throughout the entire operating period (0–10 seconds). This 

reflects the grid's ability to supply the motor with stable and 

sufficient power, ensuring stable speed and high operational 

reliability.  

Therefore, it can be argued that a solar system requires 

additional support (such as batteries or advanced regulation 

technologies) to ensure stable speed and reduce fluctuations, 

especially when operating dynamic loads such as motors. The 

electrical grid, however, remains the most stable option for 

operating motors in environments that require high 

reliability. 

Fig. 11, compares the performance of an induction motor 

when powered by the grid versus when powered by a solar 

PV system. It is clear that when powered by the grid (red 

line), the motor maintains a nearly constant torque throughout 

its operation, indicating stable and consistent power supply 

from the grid without fluctuations that would affect the 

motor's performance. Looking at the graph from the 

perspective of system response and dynamic control, a clear 

difference can be observed between operating an induction 

motor from the grid and operating it from a solar PV system. 

When powered by the grid, the torque appears nearly constant 

from the moment of take-off, indicating an immediate 

response and a high ability to maintain the required torque 

without fluctuations, thanks to the high stability in voltage 

and frequency provided by the grid. 

 

Fig. 11. IM Torque output in PV system and Grid system 

In difference, when powered by a solar PV system, there 

are clear fluctuations at the start of operation and a gradual 

stabilization after a few seconds. This fluctuation may be due 

to the slow response of the power converters connected to the 

solar cells or to fluctuations in solar radiation that affect the 

continuity of the power supply. Some momentary drops in 

torque during operation also indicate that the solar system 

needs improved control or additional support through energy 

storage units. Therefore, it can be argued that operating the 

motor from the grid is more reliable and dynamically stable, 

while operating from solar cells requires supporting technical 

solutions to achieve a similar level of performance. 

Fig. 12, shows the rotor currents of the induction motor 

quickly reaching a steady state after a short period of 

operation without significant fluctuations. This indicates that 

the electrical power supplied to this motor had a clear impact 

on performance due to the availability of constant voltage and 

current. This performance contributes to the stability of the 

irrigation system from the moment of startup. 
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Fig. 12. Rotor current of IM in Grid system 

The induction motor currents (three-phase rotor currents) 

can be seen in Fig. 13.  It is clear that the fluctuations are high 

and that these currents are unstable during the first moment 

of startup. This situation is practically undesirable in such 

systems due to the difficulty of controlling the starting current 

of the three-phase induction motor. This indicates the 

difficulty the PV system is having providing a stable current 

during startup due to a delay in the stabilization of the output 

voltage or the response of the power converter. After this 

period, the current fluctuations begin to gradually decrease 

and stabilize significantly, while the natural fluctuations 

associated with motor operation under variable load 

conditions persist. This indicates that the solar array is 

capable of operating the motor efficiently after passing the 

startup phase.  However, this requires a longer time to reach 

steady state compared to conventional sources, reflecting the 

need to improve control and rapid response technologies in 

PV systems to ensure more stable motor performance. 

 

Fig. 13. Rotor current of IM in PV system 

Fig. 14 and Fig. 15, show a comparison of the harmonic 

content of the rotor current of an induction motor when 

powered by the mains and a photovoltaic (PV) system, using 

frequency spectrum analysis and total harmonic distortion 

(THD) measurements. In the Fig. 14, the fundamental 

component at 50 Hz is clearly dominant, reaching a high 

value (350), while the amplitude of the higher harmonics 

gradually decreases in a systematic manner. The total 

harmonic distortion (THD) value at STC is approximately 

21.91%, which is considered moderate and acceptable in 

many industrial applications and indicates relatively good 

motor current quality due to the stability of the voltage 

supplied from the mains. 

 

Fig. 14. THD in rotor current of IM in Grid system 

While Fig. 15, the fundamental component is very weak 

(0.1289), while the harmonics are much more prominent and 

spread across a wide frequency range. The total harmonic 

distortion value is very high, reaching 132.63%, indicating a 

high percentage of harmonics and distortions in the current, 

which can negatively impact the motor's efficiency and 

operational life. This high distortion is often due to the 

characteristics of the power converters associated with the PV 

system, such as pulse modulation techniques or fluctuations 

in solar radiation, which lead to impure and irregular current. 

 

Fig. 15. THD in rotor current of IM in PV system 

By comparison, it is clear that the electrical grid provides 

a purer current in terms of the frequency spectrum, which 

enhances the stable performance of the motor, while PV 

systems require improvements in filtering and control 

techniques to reduce harmonics and ensure better operation 

of the motors connected to them. Fig. 16 and Fig. 17 show a 

comparison of the frequency spectrum analysis of the stator 

current in an induction motor when operated from two 

different sources: the power grid and a photovoltaic (PV) 

system. In the Fig. 16 (the power grid), we notice that the 

fundamental frequency (50 Hz) is clearly visible and very 

high (377.6), reflecting the regularity and balance of the 

voltage and current supplied from the grid. The total 

harmonic distortion (THD) is 12.80%, a relatively low 

percentage that indicates that the current contains a small 

percentage of harmonics, which indicates high electrical 

quality and stable motor operation. 
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Fig. 16. THD in stator current of IM in Grid system 

Fig. 17 (the PV system), we notice a significant 

difference. The fundamental frequency is very low (0.131), 

while the harmonics appear large and are distributed across a 

wide frequency range, indicating an irregularity in the 

resulting current. The total harmonic distortion (THD) in this 

case reaches 132.63%, a very high value indicating a high 

level of distortion in the stator current. This distortion may be 

due to the power conversion technologies associated with 

solar systems, such as inverters, which produce non-ideal 

waveforms. 

 

Fig. 17. THD in stator current of IM in PV system 

In solar water pumping systems, the inverter introduces 

harmonics because it generates a non-sinusoidal waveform 

using PWM (Pulse Width Modulation). as well, Erratic 

switching due to rapid MPP tracking or unstable voltage 

causes more harmonic content in the stator voltage. As it is 

the rotor current (in a squirrel cage is especially sensitive to 

harmonics in the stator voltage/current. 

Lead to distorted magnetic fields, especially at the air gap. 

This reflects in a distorted rotor current. May increase 

resistance, affecting current waveform shape and filtering, 

making harmonics worse. During peak radiation, irradiance 

can reach 1000 W/m². 

Scientifically, this variation in current quality reflects the 

extent to which the power supply affects the performance of 

induction motors. Currents with high harmonics lead to 

additional losses in iron and copper and cause vibrations and 

excessive heat, reducing the efficiency and lifespan of the 

motor. Therefore, operating motors from the conventional 

grid is more suitable in terms of stability and accuracy, while 

operating them from PV systems requires the use of effective 

filters or advanced control technologies to reduce harmonics 

and improve the quality of the supplied power. 

Fig. 18 illustrates the relationship between temperature, 

solar radiation, and the load power generated by a solar power 

system. Solar radiation primarily controls the power available 

to the motor—higher radiation improves output, while lower 

radiation reduces it. We observe that the load power gradually 

increases with increasing solar radiation, reaching a peak of 

approximately 15.8 kW at an irradiance of approximately 860 

W/m². This behavior reflects the direct relationship between 

increased solar radiation and improved output, as long as the 

temperature remains within the appropriate limits. 

 

Fig. 18. IM power with variable weather conditions in PV system 

It is well known that the efficiency of solar panels begins 

to decline with increasing temperatures. This occurs when 

temperatures exceed 25°C. However, when temperatures 

reached 25.5°C, a significant drop in power was observed, 

reaching 5,623 kW. Therefore, this highlights the importance 

of thermal control and optimizing ventilation systems in solar 

power systems to achieve optimal performance. 

Fig.  19 shows that motor torque gradually increases with 

a significant increase in temperature. When the temperature 

rises from 20°C to 24°C, the maximum torque reaches 114.0 

Nm. This behavior indicates that increasing solar radiation 

and rising temperature within the above range enhances the 

system's energy production. Consequently, motor power 

increases and overall efficiency improves. 

 

Fig. 19. IM Torque with variable weather conditions in PV system 

However, after the decline of the irradiance and 

exceeding 24°C, motor torque gradually decreases despite the 

continued increase in temperature, reaching 57.67 Nm at 

25.5°C.  This behavior demonstrates that decreasing the 

irradiance leads to a decrease in the electrical output, and 
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excessively high temperatures negatively impact the 

performance of the photovoltaic system and consequently a 

reduction in the torque generated, this is attributed to thermal 

losses and increased resistance in the electrical system 

components, highlighting the importance of controlling the 

operating temperature to maintain consistent motor 

performance.  

Fig.  20 shows the relationship between temperature (°C) 

and solar radiation intensity (W/m2), with motor speed (rpm) 

indicated at each data point. The curve shows a nonlinear 

relationship between temperature and radiation, with 

radiation intensity increasing as temperature rises up to a 

certain point, then decreasing as the temperature continues to 

rise. It is noted that the highest radiation value (approximately 

860 W/m2) occurs at a temperature of approximately 24°C, 

where the engine speed reaches its highest value (1317 rpm). 

Beyond this point, as the temperature continues to increase to 

25.8°C, both radiation intensity and engine speed decline, 

indicating an optimal temperature threshold for optimizing 

system efficiency (or engine performance in this context). 

 

Fig. 20. IM Speed with variable weather conditions in PV system 

From this figure, it can be concluded that optimal engine 

performance, in terms of rotational speed, is linked to a 

certain level of solar radiation, which in turn is affected by 

temperature. Beyond this level, environmental conditions 

begin to negatively impact performance, which may indicate 

a need for cooling or improved thermal management to 

maintain high performance. 

Fig.  21 shows the relationship between temperature (°C) 

and system efficiency, with irradiance (W/m²) as the 

influencing environmental component. The curve shows that 

efficiency gradually increases with increasing solar 

irradiance and temperature until it reaches its highest value 

(48.4%) at approximately 860 W/m² solar irradiance, 24°C. 

Beyond this point, efficiency begins to decline significantly 

despite the continued increase in temperature, due to thermal 

losses. In crystalline silicon panels, power decreases by 0.4-

0.5% for every degree Celsius above 25°C. Consequently, 

this indicates that there is a thermal threshold beyond which 

efficiency begins to decline due to negative thermal effects 

such as heat loss or reduced conversion efficiency in the 

system. 

Scientifically, this behavior is consistent with the 

principles of thermal physics, which indicate that most 

photovoltaic or thermodynamic systems have an optimal 

temperature range within which they operate at their highest 

efficiency. Beyond this range, excess heat begins to cause 

system losses such as increased resistance or thermal stress 

on components. Thus, the figure provides clear evidence that 

performance efficiency is not only related to increasing 

temperature but is also affected by the system's ability to 

adapt to that increase or dissipate the excess heat.  

 

Fig. 21. PV water Pump system efficiency with variable weather conditions  

Induction motors are also affected by this, as higher 

ambient temperatures and winding temperatures increase the 

resistance of the motor windings. This leads to higher thermal 

losses, which reduces motor efficiency. 

Fig.  22 shows the relationship between temperature (°C) 

and the total harmonic distortion (THD) of the rotor current, 

with solar radiation considered as an associated 

environmental factor. From the values shown, a significant 

and sudden increase in the THD value is observed at 

approximately 23.5°C, reaching 168.74% and then 184.37% 

at 24°C, before returning to its near-initial value 

(approximately 45%) at higher temperatures. This sudden 

and irregular increase is an indication of a disturbance in the 

electrical system's performance. 

 

Fig. 22. THD in rotor current of IM with variable weather conditions 

High solar radiation increases the inverter switching 

frequency and power fluctuations, thus leading to higher 

THD. Similarly, radiation fluctuations (clouds, tracking 

mismatch) lead to dynamic instability, which increases the 

THD value. And with PV temperature rising rapidly, 

reducing voltage is reduced. This causes the inverter to 

operate near its minimum voltage limit, leading to Poor 

waveform generation. Unstable operation near PWM limits. 

High switching noise and voltage harmonics are causing high 

THD. 
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 A significant increase in THD indicates that the current 

contains unwanted frequency components that negatively 

affect the system's efficiency and lifespan and may lead to 

overheating, unwanted vibrations, or even equipment failure. 

Here, should highlight the potential impact of external 

disturbances, such as dust accumulation, partial shading, and 

atmospheric fluctuations, on the realistic performance of 

photovoltaic systems. This is a necessary step to enhance the 

credibility of the study and link its findings to practical 

applications. However, these factors were not included in the 

current modeling due to the research's focus on analyzing 

theoretical performance or under certain ideal conditions, 

allowing for the isolation of the influence of the main 

variables under study. This approach is common in 

preliminary or analytical studies, where it is preferable to 

simplify the model to understand the behavior of the 

underlying system before incorporating environmental 

complexities. This also opens up future prospects for later 

model expansion to include the influence of these factors 

within a more comprehensive simulation framework. 

IV. CONCLUSIONS 

A solar photovoltaic water pumping system (SPVWPS) 

was designed, taking into account water requirements, solar 

radiation resources, and the optimal tilt angle and orientation 

of the panels. The MATLAB/Simulink simulation 

environment was used to analyze the performance of the 

designed system. This paper focuses on the analysis of an 

irrigation system consisting of a 22 kW three-phase induction 

motor connected to a solar photovoltaic system under the 

climatic operating conditions of Mosul, Iraq. The results 

showed that operating the water pump using the solar system 

led to a decrease in the motor torque by 9% and the motor 

efficiency decreased by 34.3% compared to when supplied 

with electrical power from the grid. Also, The results shown 

that the system's best performance is achieved at 24°C, with 

a motor speed of 1,317 rpm, peak efficiency of 48.4%, and an 

irradiance of approximately 860 W/m². Prior to this point, the 

values gradually increased with increasing temperature; for 

example, at 22°C, the speed was 1,098 rpm and the efficiency 

were 36.1%. After 24°C, the values began to decline: at 

25.3°C, the speed dropped to 933.9 rpm and the efficiency to 

27.37%. As for the harmonic distortion (THD) in the rotor 

current, it spiked sharply at 23.5°C, reaching a THD of 

168.74%. It then peaked at 24°C at 184.37% before returning 

to normal (approximately 45.3%) at higher temperatures. The 

importance of this study is to provide a more reproducible 

and in-depth interpretation of the simulation results, which 

represents a valuable study for both technical personnel and 

engineers working in the field of photovoltaic integration, as 

well as for machinery engineers. 
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