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Abstract: Implementation of Solar PV fed Induction motor drive for water pumping system is 
demonstrated for standalone systems in this paper. The challenges encountered during the 
implementation of solar PV based pumping systems are to design a low-cost low power module for 
farmers in developing countries like India. The number of PV modules used for low power 
applications should be calculated in order to bring down the initial cost of the system. This module 
comprises of two staged process where the first stage focuses on tapping of maximum power from 
the PV module by varying the duty ratio of DC-DC converter. In order to control the duty ratio of 
the converter, Maximum power point tracking (MPPT) with an incremental conductance method 
(ICM) is used in the proposed system. The second stage comprises of an induction motor drive 
with standard frequency converter strategy across the load. The simulation and hardware 
prototype is carried for standalone system which is incorporated for water pumping system.  

Keywords: Photovoltaic; Pulse Width Modulation; Water Pumping System; Standard Frequency 
Converter; Maximum Power Point Tracking; Voltage Source Inverter; Induction Motor Drives. 

 

1. Introduction 

As per the latest census survey, almost around 700 million people across different countries face 
the does not have the basic necessity to live their lives. Every year this ratio is continuously 
increasing with increase in population. Every human need food and water for survival. Most of the 
underdeveloped countries face severe food and water scarcity. By 2025, almost 1.8 billion people 
across the world would face water scarcity. This indicates two-third of the overall population would 
face water scarcity. According to Composite Water Index (CWI) taken on 2018, India’s overall 
economic GDP would be lost by six percentages around 2050. Due to varying climatic condition, 
many parts of the world face severe drought condition due to lack of rain. Water and food demand 
in India would exceed the available resource by 2030. This condition would still worsen due to high 
population rate. The primary function is to provide the people with groundwater resources which 
need to be pumped for their daily needs and to irrigate the fields for food. With the increasing cost of 
fuel and demand for power in rural areas, farmers need to find an alternative solution to solve their 
needs. 
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Photovoltaic (PV) based water pumping systems (WPS) would be a possible solution for the 

above-mentioned problems. The farmers need not depend on the grid power to water their plants 
rather than they can provide their own developed power from PV source [1]. During the initial 
stages of PV based water pumping system, DC motors are generally used. Later DC motors are 
replaced by Induction motors due to ruggedness, high reliability and efficiency with lower 
maintenance cost. The PV fed Induction motor drive are more reliable when compared to 
conventional diesel pumps used for irrigation purpose because it requires less maintenance cost and 
low pollution level [2]. The overall staging of PV module is influenced based on the critical factors to 
maximize the output power using maximum power point tracking techniques (MPPT) such as 
nature and capacity of load used, irradiation level, cell operating temperature, shading factor [3]. 

The output of the PV system is extract to maximum power level by various MPPT techniques. 
Among various classification of MPPT algorithm, it is grouped in three major functionality methods: 
(i) First major classification uses conventional methods like Perturb and Observe method (P&O) [4], 
Constant Voltage Controller method, Incremental Conductance method (ICM) [5]. These methods 
are classified based on their speed, range of readiness and their complexity level [6]-[7]. In the 
proposed system, Incremental conductance method (IMC) is used which overcomes the problems 
faced by Perturb and Observe method and also it provides better tracking power response with 
change in irradiation [9]. (ii) Second major classification based on Artificial Intelligence (AI) based 
methods like Artificial Neural Networks (ANN), Fuzzy Logic Controller (FLC)[6] which provides 
better response time and accuracy [8]. (iii) Third major classification focuses on Hybrid methods 
which incorporate the features of first and second methods together. Few reputed techniques are 
Proportional Integral based Fuzzy Logic controller (PI-FLC), modified Perturb and Observe based 
ANN network.  

During the initial studies of solar water pumps which are designed are inefficient with very low 
efficiency of 5-7%. The main drawback is to design this low efficient converter at very high cost. 
Later researchers moved on to different techniques to improve the efficiency of the motor. The 
proposed system which operated on Induction motor drives (IMD) provided better results 
compared to other permanent magnet motor drives such as brushless DC motor. 

2. PV based Water pumping for standalone system 

The system architecture for the PV based water pumping system is designed using PV panels, 
DC-DC converter where the gating pulses were generated using MPPT algorithms, voltage source 
Inverter connected with centrifugal pump driven by Induction motor drive which is shown in 
Figure 1.  

 
Figure 1.System architecture for PV based Water pumping for standalone system 
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The system architecture incorporates one DC/DC converter and voltage source Inverter (VSI) to 
achieve maximum efficiency. There could be an addition after DC-DC converter with DC-AC 
converter based on their applications needs. The pulses for voltage source inverter fed from SPWM 
generator which is processed through Voltage-frequency (V/f) control.V/f control improves the 
starting performance of motor drive and also provides smooth conduction of the motor during 
starting. Maximum power point is tracked by modifying the modulating frequency in order to 
extract maximum power from Induction motor drive (IMD) through PV arrays. The equivalent 
circuit model of PV array is shown in Figure 2(a) and a characteristic of PV curve is shown in Figure 
2(b). 

 

 

 
(a) Equivalent circuit model of PV array (b) PV curve 

Figure 2. Equivalent circuit and characteristics of solar PV array. 
 

3. Design calculation for the proposed module 

3.1. Design implementation of Solar PV array  

The calculation of PV array should be done first by keeping the specifications of the motor. The 
design should be done carefully based on the capacity of the motor. The capacity of the motor 
should be almost equivalent the capacity of the PV panel. The maximum power drawn from the 
panel for specified radiation level is denoted by Ppv which is obtained based on the number of series 
and parallel operation done during assembling. Ns denotes the number of series cell connected to 
the panel and Np denotes the number of parallel cells connected to the panel. Vmpp indicates the PV 
panel voltage at MPP and Impp indicates the PV panel current at Maximum Power Point (MPP). 

 
௣ܲ௩ = ൫ ௦ܰ × ௠ܸ௣௣൯ × ( ௣ܰ ×  ௠௣௣) (1)ܫ

 
The maximum power drawn from the panel is obtained from equation (1). The specifications of the 
solar panel are provided in Table 1.  
 

Table 1. Specifications of PV Module FTS-220P 
Parameters Specifications 
Cell type Polycrystalline 
Number of cells 60 
STCPower drawn from the Panel (Pmpp) 220 W 
Voltage at maximum power (Vmpp) 28.5 V 
Current at maximum power (Impp) 7.72 A 
Open Circuit voltage (Voc) for single module 36.8 V 
Short circuit current (Isc) for single module 8.37 A 
Panel Efficiency for single module 13.6% 
Temperature coefficient of Pmpp 46°C ± 2°C 
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Table 2. Specifications of PV Array 
Parameters Specifications 
Maximum power drawn from the Panel array (Pmp) 6kW 
Maximum voltage from panel array (Vmp) 600 V 
Array Current at maximum power (Imp) 10 A 
Open Circuit voltage from the panel array (Voc) 993.6 V 
Short circuit current from the panel array (Isc) 8.37 A 

 
The overall power drawn from the PV array is taken as 6 kW where the number of modules 

connected in series (Ns) is 27 and number of modules connected in parallel (Np) is taken as 1 which is 
indicated in Table 2.  

3.2. DC link voltage calculation 

The calculation of DC link voltage (Vdc) of voltage source inverter is obtained from the relationship 
based on the modulation index (M) and the line to line voltage across the motor terminal which is 
shown in equation (2). The calculated DC link voltage of VSI is 586.89V but in practical case it is 
taken as 600V. 

ௗܸ௖ =  
2√2

2 × ௅ܸି௅

݉ =  
2√2

2 ×
415

1 = 586.89 ܸ 
(2) 

3.3 Formulation of DC link capacitor 

DC link capacitors (Cdc) are used to store sufficient energy during the time of transient occurance 
due to sudden increase in load or change in radiation level. The value of the DC link capacitor is 
calculated based on fundamental frequency component which is formulated in equation (4) and (5). 

߱ = ߨ2 ௥݂ = 50ߨ2  =  (4) ܿ݁ݏ/݀ܽݎ 314

ௗ௖ܥ =  
ݐܫܸߙ6

( ௗܸ௖
ଶ − ௗܸ௖ଵ

ଶ ) =
6 ×  1.2 ×  239.6 × 4.17 × 0.005

(600ଶ − 586.89ଶ) =  (5) ܨߤ2311

Where α is the loading factor which is taken as 1.2, V is the phase voltage and I is the phase 
current across the motor and t is the transient duration. The value of the DC link capacitor is taken 
as 2500μF. 

3.4 Specifications of DC-DC converter 

DC-DC converter used in the proposed system is Step-up converter [11]. The duty cycle ratio (D) 
and inductor (Lm) used in the step up converter is calculated from equation (6) and (7). 

ܦ =  ௗܸ௖ − ௠ܸ௣௣

ௗܸ௖
=  

600− 586.89
600 = 0.0219 (6) 

݉ܮ =  ௠ܸ௣ ܦ
ଵܫ∆ ௦݂

=  
0.0219 ݔ 586.89

0.2 ×  0.74 ×  10000 =  (7) ܪ݉ 8.68

Where ΔI1 is the ripple current and fs is switching frequency which is taken as 10KHz. Thus the 
value of inductor(Lm) for step up converter is taken as 10mH. 
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3.5 Formulation of Water pump design 

The formulation of water pump depends on the non-linear characteristics between load torque 
and motor speed. Load torque is directly proportional to the square of the rated motor speed 
(Rotor) which is shown in equation (8). The proportionality constant of the pump (K) is calculated 
based on the values of load torque and motor speed. The rated torque of the induction motor drive 
is taken as 14.69 Nm and the rated speed to the induction motor is taken as 1430 rpm. The rotional 
speed of the motor is denoted by ωr [16]. 

ܭ =  ௅ܶ

௥߱
ଶ =  

14.69

ቀଶ × గ × ଵସଷ଴
଺଴

ቁ
ଶ =  ଶ (8)(ܿ݁ݏ/݀ܽݎ)/݉ܰ 10ିସ ݔ 6.55

4. Control scheme for PV based Water pumping system 

4.1 Incremental Conductance Method (ICM) 

The proposed control scheme for PV based water pumping system is carried in two different 
stages of power conversion process. First stage of process deals with the Incremental Conductance 
Method (ICM) for maximum extraction of power from the PV modules and the next stage of 
process deals with the scalar V/f control for Induction Motor drive [10]. 
 

 

Figure 3.Flowchart of Incremental Conductance Method 
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The voltage and current from the PV array are fed to the Incremental conductance method for 
further processing which is shown in Figure 3. Due to variations in Power, voltage and current 
parameters, the algorithm chooses the best suitable duty ratio to be provided for the DC-DC 
converter. The output voltage of the DC-DC converter is kept constant by using Proportional 
Integral controller.   

 

Figure 4.FTS-220P module -I-V and P-V curves under different radiation levels 

 

Figure 5.FTS-220P module -I-V and P-V curves under different temperature levels 

The proposed system uses Incremental Conductance method to exract the maximum power from 
the PV panel. Figure 4 plots the I-V and P-V curves for FTS-220P module under different radiation 
levels and Figure 5 plots the I-V and P-V curves for FTS-220P module under different temperature 
variations. When the slope of the curve is positive, it indicates the MPP is on the left-hand side 
whereas the slope of the curve is negative when it indicates the MPP is on the right-hand side. 
When maximum power is transferred to the PV array, then the slope of the curve is taken as zero. 
Under MPP with changes in the radiation level for FTS-220P, voltage remains constant whereas 
current changes drastically. 
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௣ܲ௩ = ௠ܸ௣௣  ×   ௠௣௣ܫ

 

 

 

 

 

 

 

(9) 

Differentiating the above power equation with dVmpp 

݀ ௣ܲ௩

݀ ௠ܸ௣௣
= ௠௣௣ܫ  +   ௠ܸ௣௣

௠௣௣ܫ݀
݀ ௠ܸ௣௣

= 0 

௠ܸ௣௣
௠௣௣ܫ݀
݀ ௠ܸ௣௣

=  ௠௣௣ܫ−

௠௣௣ܫ݀
݀ ௠ܸ௣௣

=
௠௣௣ܫ−
௠ܸ௣௣

 

Equation 9 provides the basic power equation which gets differentiated with respect to Vmpp to 
find the relationship between Incremental Conductance and Conductance in analyzing the sectors 
of the slope. Equation 10 provides the different sectors of slope from ICM algorithm. 

Case 1: When slope is positive ݀ܫ௠௣௣
݀ ௠ܸ௣௣

>
௠௣௣ܫ−
௠ܸ௣௣

 ,   ܲܲܯ ݂݋ ݁݀݅ݏ ݐ݂݈݁

 

 

 

 

(10) 
Case 2: When slope is zero ݀ܫ௠௣௣

݀ ௠ܸ௣௣
=
௠௣௣ܫ−
௠ܸ௣௣

 

Case 3: When slope is negative ݀ܫ௠௣௣
݀ ௠ܸ௣௣

<
௠௣௣ܫ−
௠ܸ௣௣

 ,  ܲܲܯ ݂݋ ݁݀݅ݏ ݐℎ݃݅ݎ

4.2 Scalar V/f control stratergy 

Scalar V/f control is easy to implement but complexity level is high while designing vector control 
method and Direct Torque Control (DTC). Implementation through V/f control improves the 
starting performance of motor drive even during low solar irradiation. Therefore, smooth 
conduction during starting of the motor is achieved even without providing high starting current 
using V/f control technique. The reference speed to the motor drive is provided from V/f control 
technique [12]. Figure 6 provides the information regarding the frequency control strategy which is 
incorporated in VSI fed induction motor [13],[14],[15],[16].  
 

 
Figure 6.Scalar V/f control strategy for VSI fed Induction motor 
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5. Simulation Results 

The proposed PV based water pumping for standalone systems is modelled and simulated using 
MATLAB/Simulink 2017b. The overall system is created into small subsystems in order to show the 
overview the simulation circuit. 

 

Figure 7.Simulink model of PV based water pumping system using MATLAB/Simulink 

 

Figure 8.Subsystem model of PV array connected to DC-DC converter and VSI 

 

Figure 9. Subsystem model of scalar V/f control strategy using MATLAB/Simulink 
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The overall Simulink diagram for the proposed PV based water pumping system is shown in 
Figure 7. Figure 8 illustrates the output parameters of the PV array is connected to input of the 
DC-DC converter (Step-up) block which is again fed power to the VSI to drive the Induction motor.  

  

(a) At 1000W/m2 and 25C (b)At 800 W/m2 and 25C 

Figure 10. Simulation result of PV power and Induction motor power for different irradiance 
(W/m2) and temperature (C) 

  

(a) At 1000W/m2 and 25C (b)At 800 W/m2 and 25C 

Figure 11. Simulation result of Induction motor speed, torque and power for different irradiance 
(W/m2) and temperature (C) 
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Figure 9 provides the subsystem modelling of frequency control strategy implemented in 
MATLAB/Simulink. The equations are fed directly into the functional block. Figure 10 illustrates the 
simulation results obtained from PV power and Induction motor power for different irradiance and 
temperature conditions. Figure 11 illustrates the simulation results obtained from Induction motor 
such as speed, torque and power for different irradiance and temperature conditions. Figure 10(a) 
and Figure 11(a) is taken for irradiance 1000W/m2 and temperature of 25C and Figure 10(b) and 
Figure 11(b) is taken for irradiance 800W/m2 and temperature of 25C. From the above simulation 
results, Incremental Conductance method is provide better results when compared to other 
conventional methods. The hardware feasibility can be done for the proposed system using 
Incremental Conductance method.  

6. Conclusions 

The proposed PV based water pumping for standalone system is applicable in rural areas to satisfy 
their daily needs and irrigation purpose. The proposed system uses Incremental conductance 
method (ICM) to extract the maximum power from the PV panel and it drive the induction motor 
drive through DC-DC converter and Voltage source Inverter. The design calculation was done for 6 
KW PV panel array for FTS-220P module. The control scheme was staged into two parts: 
Incremental Conductance method and Scalar V/f control strategy. Incremental Conductance method 
is used to find the location of MPP based on the slope. Duty ratio of the DC-DC converter is varied 
based on the ICM. Scalar V/f control method is used to smoothen the starting of the motor. The 
reference speed of the motor drive is obtained from incremental conductance MPPT. The supply 
frequency and switching frequency decides the nature of the PWM technique used to gate the pulses 
of VSI which in turn controls the speed of the Induction motor drive. The performance of the 
proposed system is analyzed using simulation modelling using MATLAB software. Simulation 
results were taken for different irradiance and temperature across PV panel and Motor drive to 
verify its feasibility.  
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