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Abstract—DC photovoltaic pumping system is presented in this paper. Solar DC pump needs less solar panels to run than the AC pump. 
The system is divided into three parts; photovoltaic (PV) array, boost converter and permanent magnet (PM) dc motor-pump set. Solar 
cells have nonlinear I-V characteristics, efficiency of PV module is low and output power depends on solar isolation Level and ambient 
temperature. A great loss of power is due to mismatch of source and load. So to extract the maximum power delivered to the load from PV 
array, MPPT is implemented in the boost converter circuit. Each part of the system is modelled. The system is simulated using 
Matlab/Simulink .The proposed system is studied with and without maximum power point tracking conditions. The results show a very good 
performance and efficiency of the overall system when using MPPT compared with direct coupling. The system is studied under various 
climatic conditions. 

 
Index Terms— Photovoltaic array, Boost converter, DC motor- pump, Maximum power point tracking (MPPT) of PV system. 

1 INTRODUCTION                                                                     
ater pumping is one of the most important applications 
of photovoltaic (PV) standalone systems particularly in 
rural areas [1]. The most important problems in solar 

technology are low conversion efficiency (10%to 16% efficien-
cy for commercially available amorphous silicon solar cells) 
and the presence of highly non-linear I-V characteristics which 
depend on temperature and insolation level. When a dc motor 
is directly connected to a photovoltaic array, the operating 
point of the PV is very far from its maximum power point 
(MPP)[2,3].Further, due to mismatch between the operating 
point and maximum power point (MPP) of the solar cells, the 
power available from the PV array is not fully extracted. In 
order to extract the maximum power, the PV array must be 
capable of tracking the maximum power point that varies with 
irradiance and temperature. This method is commonly named 
as a maximum power point tracking (MPPT) technique. The 
main function of MPPT technique is to achieve maximum 
power from a PV system [4]. There is a large number of algo-
rithms that are able to track MPP of a PV module have been 
proposed to solve the problem of efficiency. The most com-
mon methods are the perturb and observe (P&O) and the in-
cremental conductance (InCond). The first method is popular 
due to its hardware simplicity [5]. The second InCond method 
has a great accuracy with good flexibility to rapidly varying 
climatic conditions. But both methods have drawbacks and 
need enhancements to be more accurate [6]. Nowadays, intel-
ligent systems are progressively used such as neural network 
and fuzzy logic MPPT techniques [7]. Artificial Neural Net-
work (ANN), Fuzzy Logic Controller (FLC) and adaptive 
MPPT controllers-based neuro-fuzzy inference system (AN-
FIS) based techniques are implemented [8]. The purpose of 
this paper is to study and compare advantages, shortcomings 
and execution efficiency for the overall system of water pump-
ing with and without MPPT under varaiant climatic condi-
tions. Matlab/Simulink is used in this paper to implement the 
modeling and simulations tasks, and to compare execution 
efficiency and accuracy for the overall system and every stage 

in it. In this paper, PV array is modelled with its parameters 
extracted based on data-sheet and the boost converter is con-
trolled using ANFIS algorithm for maximum power point 
tracking. Boost converter is designed to work in CCM.  
 

This paper is organized as follows. Section 1 is the intro-
duction which includes the main motivationthe purpose of 
this paper. Section 2 views and illustrates the propsed sys-
tem configuration and its parts individually. Sections 3 sim-
ulates, analyzes and compares the performance and efficien-
cy of the photovoltaic water pumping system with and 
without MPPT. The summary and conclusion are given in 
Section 6. 

 

2 SYSTEM DESCRIPTION 
The proposed system is divided into four major parts (a) The 
Solar PVarray system (b) Power electronics DC-DC boost con-
verter (c) MPPT technique (d) PM dc motor pump set. The 
schematic diagram of the complete system is shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 

W 

 
Fig. 1. System configuration  schematic diagram. 
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2.1 Photovoltaic Array Modeling 
The voltage-current characteristic equation of a solar cell is 
given in (1). 
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Where Iph is a light-generated current or photocurrent, Is is 
the cell saturation of dark current, q= (1.6*10-19C) is an electron 
charge, k= (1.38*10-23 J/k) is a Boltzmann’s constant, Tc is the cell’s 
working temperature, A is an ideality factor, Rsh is a shunt resistance, 
and Rs is a series resistance. The electrical circuit representing a 
solar cell is shown in Fig.2. The parameters of SOLKAR 36W 
module, choosen for simulation, are tabulated in Table.1. Us-
ing series parallel combinations as follows (Ns= 5 & Np=6) 
from the module to generate power higher than 1kW at 
(Tac=25OC and R= 1kW/m2) 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

2.2 Boost Converter Design 
The maximum power point tracking is basically a load match-
ing problem. In order to change the input resistance of the 
panel to match the load resistance, a DC-DC converter is re-
quired (by varying its duty cycle). The boost converter is ca-
pable of producing a dc output voltage (Vo) greater in magni-
tude than the dc input voltage (Vs). The circuit topology for a 
boost converter is as shown in Fig.3. The conversion ratio is 
given in (2). 

d)-1/(1 = /II = /VV opvpvo      (2) 

Where Ipv  is the input current of the converter, duty cycle d = 

Ton /T and T=Ton+Toff , with its range  (0 ≤ d ≤ 1). 
The designed boost converter parameters are as follows (L=5mH, 

Ci=100µF, Co=100µF and Fs=10 kHz) 

 

2.3 DC Water Pump Modeling 
DC pump motor is modeled. SIMULINK is chosen for this pur-
pose because it offers a tool called “SimPowerSystems” which 
facilitates modeling of DC motors with its DC machine tool box. 
PM dc motor can be described in (3),(4),(5) and (6). Also centrif-
ugal pump is described in (7). 

baaaaa E+)/dt(di  L+R i=V                                           (3) 

mbb  wK=E                                                                           (4) 

1mme T+Bw+)/dt(dw J=T                                              (5) 

aee i K=T                                                                                (6) 
2
mP1 wK=T                                                                              (7) 

Where:  
Va armature voltage 
ia armature current 
Ra armature resistance 
La armature inductance 
Eb motor back-emf 
Kb back-emf constant(V.sec/rad) 
wm motor speed(rad/s) 
Te electromagnetic torque(N.m)  
J  moment of inertia(Kg/m2) 
B  viscous friction coefficient (N.m.sec/rad) 
T1 load torque(N.m) 
Ke torque constant(N.m/A)  
Kp the pump constant (N.m. (sec/rad)2) 

Parameters of motor-pump set used in the study are tabu-
lated in Table 2. 

TABLE 1 
PARAMETERS OF SOLKAR 36W MODULE 

 TABLE 3 
PARAMETERS OF MOTOR PUMP 

 

 
Fig. 3. Boost Converter. 

 

 

 
Fig. 2. Equivalent circuit of photovoltaic cell. 
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3 PERFORMANCE STUDY OF PM DC MOTOR PUMP 
To model a permanent magnet DC motor, the SIMULINK mod-
el applies a constant field, as shown in Fig. 4. Since the water 
pump is a centrifugal type, the load torque is a function of the 
motor speed. The voltage source applies a 0-200V ramp at the 
rate of 1V per second. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.1 Direct Coupling between PV Array and Motor-Pump  
At direct coupling, the system operates at the intersection 
point between the I-V curves of the PV array and the load-line 
as seen in Fig.5 and Fig.6. It is obvious from the curves that the 
system operates far from maximum power points which led to 
lower energy utilization and efficiency.These operating points 
obtained from curves are called the expected points and tabu-
lated in Table 4. The results under actual direct coupling 
match approximately the expected values from I-V curves un-
der various climatic conditions. These actual values are tabu-
lated in tha same table in order to compare the actual values 
with the expected ones as a comparative study for realizing 
the model and showing how it runs accurately.  

 
 
Under fixed radiation, the following parameters, PV array 
output power and voltage, armature current ,motor speed and 
the electro-magnetic torque, are simulated and seen in the 
Figs. 7,8,9,10,11. The same simulations repeated under con-
stant temperature in Figs.12,13,14,15 and 16 respectively. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 

TABLE 4 
COMPARISON BETWEEN THE ACTUAL AND EXPECTED OPERATING 

POINTS AT DIRECT COUPLING  

 

 

Fig. 5. Array I-V curves with constant radiation and varying tem-
perature. 
 
 

 

0 20 40 60 80 100 120
0

5

10

15

20

 

 

Array Voltage (Volt)

A
rr

ay
 O

ut
pu

t 
C

ur
re

nt
 (

A
m

pe
re

)

Photovoltaic Array I-V Curves

Tac=15OC
Tac=25OC
Tac=50OC
Tac=75OC
Motor Load Line

Motor-Pump Load Line 

R = 1kW/m2

 

Fig. 4. SIMULINK model of permanent magnet DC pump motor. 
 
 

 

 

Fig. 6. Array I-V curves with constant temperature and varying 
radiation. 
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Fig. 7. Array output voltage (armature voltage). 
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Fig. 8. Array power. 
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Fig. 9. Armature current. 
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Fig. 10. Motor speed. 
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Fig. 11. Electromagnetic Torque. 
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Fig. 12. Armature voltage (Array voltage). 
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Fig. 13. Array power. 
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Fig. 14. Armature current. 
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Fig. 15. Motor speed. 
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The efficiency of the motor pump, under direct coupling (i.e 
without MPPT), is calculated in Table 5. The Table shows that 
the efficiency is very poor without using MPPT. 

3.2 MPPT Coupling between PV Array and Motor-Pump  
The presence of MPPT converter is needed essentially for load 
matching between the load and the PV array. So the power 
converter is always used for load matching case in MPPT 
techniques. The proposed model using MPPT is shown in 
Fig.17. The used MPPT is ANFIS algorithm used to generate 
reference VMPP and from which the duty cycle is obtained. 

In order to locate the appropriate operating points, they are 
the intersection points between the motor pump load line and 
the constant maximum power line as seen in Figs.18 and 19. 
Ideally the power line should be the maximum power point of 
the array under the same condition according to (8); 

boostboostMPPMPPoi I V=I V=P =P                                     (8) 
 
 
 
 
 

 
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similarly comparative study between expected values from 

intersections and actual values of the operating points are tab-
ulated in Table 6. Under fixed radiation, the following param-
eters, PV array output power and voltage, armature voltage, 
power and current, motor speed and the electro-magnetic 
torque, are simulated and seen in the Figs. 20,21,22,23,24,25 
and 26 respectively. The same simulations repeated under 
constant temperature in Figs.26, 27, 28, 29,30,31,32 and 33 re-
spectively. The efficiency of the motor pump, under MPPT 
coupling, is calculated in Table 7. The Table shows that the 
efficiency of the overall system is much higher with using 
MPPT.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 5 
THE EFFICIENCY OF THE MOTOR PUMP WITHOUT MPPT. 

 

 

Fig. 16. Electromagnetic torque. 
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Fig. 17. The SIMULINK model at MPPT coupling between the PV array and the motor pump. 
 
 

 

Fig. 19.  Array I-V curves with constant power lines at R=1kW/m2 
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Fig. 18.  Array I-V curves with constant power lines at Tac=25OC 
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TABLE 6 
COMPARISON BETWEEN THE ACTUAL AND EXPECTED OPERATING 

POINTS AT MPPT COUPLING  

 

TABLE 7 
THE EFFICIENCY OF THE MOTOR PUMP WITH MPPT. 

 

 

Fig. 20. Array voltage. 
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Fig. 21. Array power. 
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Fig. 22. Armature voltage (Boost output voltage). 
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Fig. 23. Boost power. 
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Fig. 24. Armature current. 
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Fig. 25. Motor speed. 
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Fig. 26. Electromagnetic torque. 
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Fig. 27. Array voltage. 
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Fig. 28. Array power. 
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Fig. 29. Boost output power. 
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Fig. 30. Boost output voltage (Armature Voltage) 
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Fig. 31. Armature current 
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Fig. 32. Motor speed. 
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4 CONCLUSION 
In this thesis, an accurate model for photovoltaic water pump-
ing system is proposed; consisting of PV array, boost convert-
er and PM dc motor-pump set. The system is studied under 
direct coupling and MPPT conditions. The system perfor-
mance with different atmospheric conditions of temperature 
and radiation is analyzed. The Overall system efficiency under 
direct coupling is very low compared with that using MPPT. 
MPPT technique used in this thesis was ANFIS which proves 
how it controls the duty cycle effectively. Simulation results 
show a very good performance, and match approximately 
system solution obtained using expected points under differ-
ent atmospheric conditions. 
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Fig. 33. Electromagnetic torque. 
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