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Abstract— This paper discusses the performance 

improvement of photovoltaic water pumping system using both 

P&O and IC MPPT controllers. The efficiency of both 

proposed MPPT controller has been studied successfully using 

a DC motor-pump powered by thirty six PV modules fed by 

DC-DC boost converter controlled using both P&O as well as 

IC MPPT algorithms. Comparative study results obtained 

using Matlab/Simulink environment show that the IC 

outperforms the P&O method in term of convergence speed; 

while the P&O method presents better performance for the 

steady state oscillation in case of high level insolation. In case of 

low level insolation (point C), the steady state oscillations 

around the MPP point are less in IC compared to those in P&O 

algorithm. 

I. INTRODUCTION 

Water is the primary source of life for mankind and one of the 
most basic necessities for rural development. At the same time, 
rainfall is decreasing in many arid countries, so surface water is 

becoming scarce and no longer able to ensure the increasing 
rural demand for water for crop irrigation and domestic water 
supplies. Water pumping, which of course requires energy, is a 
basic need for a large proportion of the world‟s rural population. 
Since the majority of this rural population live in the sunny tropics 
or sub-tropics, to use the sun‟s energy is an attractive way of 
providing these vital energy needs [1]. 

Solar energy can be directly converted into electricity for 
water pumping applications with either thermoelectricity 
where the conversion of solar energy to heat can then be used 
to drive a heat engine direct conversion of solar radiation to 
electricity using photovoltaic (PV) cells and then conversion 
of electrical energy to mechanical energy using a 
motor/pump unit. The latter approach has received 
widespread attention in research institutions but so far no 
such systems have proved reliable. Consequently, the most 
suitable approach used in wide range of applications, from 
residential rooftop power generation to medium-scale utility-
level power generation [2], to feed water pumping systems 
[3], and Vehicles electrical [4]. 

In the isolated rural areas where electricity is unavailable, 
photovoltaic system is necessary to provide electrical energy; this 
energy is used to supply water pumping utilized for irrigation. 
These systems usually consist of PV generator, source of water, 
tank water and DC pump, many studies regarding for this system 
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[5-8]. However, the power generated by PV systems is an irregular 
energy source presents two major problems: low efficiency and the 
output characteristic is not linear and varies with the conditions 
atmospheric such as temperature and irradiance [9-10]. Therefore, 
in order to improve the output power of PV system, maximum 
power point tracking controller is applying to adapt constantly the 
generator through the converter used acting as an adaptive 
impedance to maximize the power transferred to the load [11]. 

In the last two decades, several MPPT techniques have 
been proposed, namely: Perturb and Observe [12], Hill 
Climbing method [13], Incremental Conductance method 
[14], Fractional short circuit current [15], Fractional open 
circuit voltage [16], Fuzzy logic [17], Neural networks [18], 
Genetic algorithm [19], Particle swarm optimization method 
[20], Ant colony optimization method [21], …etc. Among 
several techniques mentioned, the Perturb and Observe 
(P&O) method and the Incremental Conductance (IC) 
algorithms are the most commonly applied algorithms. 

This paper analyzes the performance of photovoltaic 
water pumping system using indirect coupling mode using 
both P&O and IC MPPT controllers. The efficiency of both 
proposed methods has been studied successfully using a DC 
motor-pump powered by thirty six PV modules fed by DC-
DC boost converter derived using both MPPT algorithms. 
Comparative study results obtained using Matlab/Simulink 
environment shw that the IC outperforms the P&O method in 
term of convergence speed. The IC is also slightly better in 
term of output power. While the P&O method presents better 
performance for the steady state oscillation in case of high 
level insolation (points A and B). In case of low level 
insolation (point C), the steady states oscillation around the 
MPP point are less in IC than in P&O algorithm. The 
remainder of the paper is organized as follows. In Section 2, 
the material and methods used to realize this work are 
presented. Section 3 presents the simulations results and 
discussions. While Section 4 draw the main conclusions of 
this work. 

II. MATERIAL AND METHODS 

A. PV Modeling 

The photovoltaic cell is modeling using the well know one 
diode equivalent circuit shown in Fig. 1 [22]. 

 

 

 

 

 

  

Fig. 2. PV cell model. 
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The model mathematical is expressed by: 

𝐼𝑝𝑣 =  𝐼𝑝𝑕 − 𝐼𝑠 𝑒𝑥𝑝 𝜆 𝑉𝑝𝑣 + 𝐼𝑝𝑣𝑅𝑠  − 1 −
𝑉𝑝𝑣 +𝐼𝑝𝑣 𝑅𝑠

𝑅𝑠𝑕
  (1) 
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where q is coulomb constant (1.602e
-19 

C), k is the 
Boltzman‟s constant (1.381e-23 J/K), A is ideality factor, Rs 

is the PV series resistor, Rsh is the PV parallel resistor,  is the 

real solar radiation (W/m
2
), ref is solar radiation in standard 

test condition (W/m
2
), Iph,ref is photocurrent is solar radiation 

in standard test condition (A),  is temperature coefficient 
(A/K), T is the temperature of cell (K), Tref is cell absolute 
temperature is solar radiation in standard test condition (A), 
Eg is the band-gap energy of the cell (eV) and Is,ref is the 
diode saturation current in standard test condition 

B. DC Motor Modeling 

The equivalent electrical circuit of DC motor is illustrated in 
Fig. 2 [23-24].  

  

 

Fig. 2. DC motor equivalent circuit. 

 

1) Electric Equation 

The armature voltage is given by: 

 𝑢𝑎 𝑡 = 𝑅𝑎 𝑖𝑎 𝑡 + 𝐿𝑎
𝑑𝑖𝑎(𝑡)

𝑑𝑡
+ 𝑒𝑚 (𝑡) (3) 

 

where ua is armature applied voltage (V), ia is armature current (A), 
em is back electromotive force, Ra is the armature resistance (Ω) and 
La is the armature inductance (H). 

 

2) Electromagnetic Equation 

The back electromotive force can be written as: 

 𝑒𝑚  𝑡 = 𝑘𝑒𝜔(𝑡) (4) 

 

where ke is the electromotive force constant (V/rad/s), w is the 
rotational speed of motor (rad/s). 

The motor torque Tem is related to the armature current Ia  by a 
motor torque constant kt (Nm/A). 

 𝑇𝑒𝑚  𝑡 = 𝑘𝑡𝐼𝑎  (5) 

 

3) Mechanic equation  

The mechanic equation is given by: 

 𝐽𝑡
𝑑𝜔

𝑑𝑡
= 𝑇𝑒𝑚  𝑡 − 𝛽𝑚𝜔 𝑡 − 𝑇𝑟 − 𝑇𝑓  (6) 

where Jt is the moment of inertia of the rotor (Kgm2), m is the 
motor viscous friction constant (Nms), Tr is the resistant torque 
(Nm) and Tf is the friction torque (Nm). 

The state-space form is given by choosing the rotating speed 
and electric current as the state variables and the voltage as an 
input. The output is the rotating speed. 

  𝑋° =  𝐴  𝑋 +  𝐵  𝑈  (7) 

  𝑌 =  𝐶  𝑋  (8) 

 

C. MPPT Algorithms 

The output PV power has a maximum dependent on the 

atmospheric conditions. To convert the energy available 

with the best performance, it is essential to work around an 

optimal operating point corresponding to the maximum 

power delivered by the PV generator. This is possible by 

adapting constantly the generator through the converter used 

for the indirect coupling mode that acts as an adaptive 

impedance. The Perturb and Observe (P&O) and the 

Incremental Conductance (IC) MPPTs are the most used 

algorithms for their simplicity and easy implementation [25-

26]. 

 

1) P&O MPPT 

Perturb and Observe MPPT involves perturbation of the 

operating voltage or the duty cycle based on a comparison of 

the generated power to ensures maximum power point. The 

principle is very simple: in the ascending phase of the P-V 

curve and considering a positive change of the voltage, the 

tracker generates a positive voltage increasing as a 

consequence the delivered PV power and change of the 

operating point. In this case, the PV voltage and power 

increase up to a new point. Similar steps with opposite 

direction can be done in the case of a decrease in the PV 

power; the instantaneous PV voltage follows the maximum 

power point according to a predetermined PV voltage and 

power values. Under these conditions, the tracker seeks the 

MPP permanently. At specified PV voltage, the desired 

power is the solution of the nonlinear equation given by 

(dP/dV = 0) as shown in Fig. 3 [27]. 

 

2) IC MPPT 

The Incremental Conductance focuses directly on power 

variations. The output current and voltage of the 

photovoltaic panel are used to calculate the conductance and 

the incremental conductance. The basic equations of this 

method are as follows [28-32]: 

 

 
𝑑𝑃

𝑑𝑉
= 0                                                    (9) 

Equation (9) can be rewritten as: 

 
𝑑𝑃

𝑑𝑉
=

𝑑(𝐼.𝑉)

𝑑𝑉
= 𝐼 + 𝑉

𝑑𝐼

𝑑𝑉
= 0                     (10) 

 
𝑑𝐼

𝑑𝑉
= −

𝐼

𝑉
 𝑎𝑡 𝑀𝑃𝑃  (11) 
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𝑑𝐼

𝑑𝑉
> −

𝐼

𝑉
at the left of MPP  (12) 

 
𝑑𝐼

𝑑𝑉
< −

𝐼

𝑉
 at the right of MPP  (13) 

 

The flowchart of the Incremental Conductance method is 

illustrated in Fig. 4. 

 

 

Fig. 3. P&O flowchart. 

 

 
Fig. 4. IC algorithm flowchart. 

 

III. RESULTS AND DISCUSSIONS 

Before you begin to format your paper, first write and 
save the content as a separate text file. Keep your text and 
graphic files separate until after the text has been formatted 
and styled. Do not use hard tabs, and limit use of hard returns 
to only one return at the end of a paragraph. Do not add any 
kind of pagination anywhere in the paper. Do not number text 
heads-the template will do that for you. 

The comparative study of the indirect coupling mode of 
the proposed PV pumping system is investigated by 
implementing the model of the entire system using 
Matlab/Simulink software, composed of 36 Solarex MSX-
60W PV panel operating at variable atmospheric conditions  
(Table I) and DC-DC boost converter drived using both P&O 
and IC MPPT controllers. The load is a motor-pump DC 
motor (Table II).. 

Fig. 5 shows the output power using both MPPT 
controllers. While Fig. 6.gives the corresponding duty cycle. 

Table III. summarizes the obtained results. 

 

Table I. Electrical Characteristics of Solarex MSX -60[33].   

Description MSX-60 

Maximum Power (PMPP)   60W 

Voltage  Pmax (VMPP)   17.1V 

Current at  Pmax (IMPP)   3.5A 

Short Circuit current (Isc)   3.8A 

Open Circuit voltage (Voc)   21.1V 

Temperature coeff of Voc -(80±10)mV/°C 

Temperature co-eff of Isc (0.065±0.01)%°C 

Temperature co-eff of power    (-0.5 0.05)%°C 

NOCT 47 2°C 

 

 

Table II. DC motor parameters[34]. 

DCMotor Parameters Value UN 

Nominal Armature Voltage 24 Volt 

Armature Nominal Current 12 Amp 

Nominal Speed 3750 rpm 

Moment of inertia of the rotor 0.000476 Kgm2 

Armature resistance 1.072 Ω 

Armature inductance 0.055 H 

Electromotive force constant 0.0317  V/rad/s 

Friction 0.0008814 Nms 

 

 

Table III. Summarized results. 

 Response 

time (ms) 

Steady State 

Osc. (W) 

Avg. Final value 

(W) 

 P&O IC P&O IC P&O IC 

Point A 225 16 51 71 1453.5 1453.5 

Point B 136 15 31.9 39.2 864.5 964.9 

Point C 134 8 41 27 1159.5 1160.5 
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Fig. 5. Output power. 
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Fig. 6. Output power. 
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Fig. 7. Point A: response time. 

 

0.3 0.305 0.31 0.315 0.32 0.325 0.33 0.335 0.34 0.345 0.35
1300

1350

1400

1450

1500

1550

1600

Times (s)

P
o
w

e
r 

(W
)

 

 

PO D=0.01

IC D=0.01

Avg = 1453.5W

Ripp = 51W
Avg = 1453.5W

Ripp = 71W

Point A - Steady state oscillations

 

Fig. 8. Point A: steady state oscillations. 
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Fig. 9. Point B: response time. 
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Fig. 10. Point B: steady state oscillations. 
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Fig. 11. Point C: response time. 
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Fig. 12. Point C: steady state oscillations. 
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From figures 5 to 12 and summarized results in Table III, 
we can clearly see that the IC outperforms the P&O method 
in term of convergence speed. The IC is also slightly better in 
term of output power. While the P&O method presents better 
performance for the steady state oscillation in case of high 
level insolation (points A and B). In case of low level 
insolation (point C), the steady states oscillation around the 
MPP point are less in IC than in P&O algorithm. 

IV. CONCLUSION 

In this paper, the performance of photovoltaic water 
pumping system using indirect coupling has been 
investigated using both P&O and IC MPPT controller. The 
efficiency of both proposed methods has been studied 
successfully using a DC motor-pump powered by thirty six 
PV modules fed by DC-DC boost converter derived using 
both MPPT algorithms. Comparative study results obtained 
using Matlab/Simulink environment show that the IC 
outperforms the P&O method in term of convergence speed. 
The IC is also slightly better in term of output power. While 
the P&O method presents better performance for the steady 
state oscillation in case of high level insolation (points A and 
B). In case of low level insolation (point C), the steady states 
oscillation around the MPP point are less in IC than in P&O 
algorithm. 

REFERENCES 

[1] N. Argaw, R. Foster and A. Ellis, Renewable Energy for Water 
Pumping Applications in Rural Villages, National Renewable Energy 
Laboratory Report, July 2003, NREL/SR-500-30361 

[2] Mark Z. Jacobson, Mark A. Delucchi „‟Providing all global energy 
with wind, water, and solar power, Part I: Technologies, energy 
sources, quantities and areas of infrastructure, and materials‟‟ Energy 
Policy 39 (2011) 1154–1169. 

[3] Vishal Verma,  Dhruv Bhardwaj,  Amritesh Kumar‟‟ Power Equalized 
Hybrid Control of PV Fed Induction Motor Pump‟‟ 2012 IEEE 
International Conference on Power Electronics, Drives and Energy 
Systems. 

[4] A. Djerdir, D. Bouquain, H. Gualous, A. Berthon, Y. Ayad, 
I.Rasoanarivo, S. Rael et B. Davat,„Utilisation des 
Supercondensateurs dans la Chaîne de Motorisation des Véhicules à 
Pile à Combustible‟,Colloque sur les Piles à Combustibles et 
Interfaces pour les Transports, pp. 117 – 124, Belfort, 8-9novembre 
2000. 

[5] ImeneYahyaoui, Sana Charfi and Fernando Tadeo „‟MPPT Technique 
for a Photovoltaic Pumping System‟‟ 2015 6th International 
Renewable Energy Congress (IREC)-978-1-4799-7947-9/15/$31.00 
©2015 IEEE 

[6] P.E. Campana, H. Li, J; Zhang, R. Zhang, J. Liu, J. Yan „‟Economic 
optimization of photovoltaic water pumping systems for irrigation, 
Energy Conversion and Management 95 (2015) 32–41. 

[7] PietroElia Campana, Hailang Li and Jinyue Yan „‟Dynamic modeling 
of a PV pumping system with special consideration on water demand, 
Applied Energy xxx (2013) xxx–xxx. 

[8] Louai Nabila, FouadKhaldi and MounirAksas „‟Design of 
photovoltaic pumping system using water tank storage for a remote 
area in Algeria, The fifth International Renewable Energy Congress 
IREC 2014-978-1-4799-2195-9/14/$31.00 ©2014 IEEE. 

[9] K.S.S. Tey, S. Mekhilef, Modified incremental conductance MPPT 
algorithm to mitigate inaccurate responses under fast-changing solar 
irradiance level‟‟ ELSEVIER Solar Energy 101 (2014) 333–342. 

[10] [10] Behzad Azizian Isaldo,  Parviz Amiri, Improved variable step 
size incremental conductance MPPT method with high convergence 
speed for PV systems, Journal of Eng. Scien. and Tech. Vol. XX, No. 
Y (Year) PPP – QQQ. 

[11] Saleh Elkelani Babaa, Matthew Armstrong, Volker  Pickert, Overview 
of Maximum Power Point Tracking Control Methods for PV Systems, 
Journal of Power and Energy Engineering, 2014, 2, 59-72. 

[12] G.N. Femia, G. Petrone, G. Spagnuolo, M. Vitelli, Optimization of 
perturb and observe maximum power point tracking method, IEEE 
Trans Power Electron20 (2005) 963–973. 

[13] W. Xiao and W. G. Dunford, A modified adaptive hill climbing 
MPPT method for photovoltaic power systems, in Proc. 35th Annu. 
IEEE Power Electron. Spec. Conf (2004) 1957–1963. 

[14] K. S. Tey, S. Mekhilef, Modified incremental conductance MPPT 
algorithm to mitigate inaccurate responses under fast-changing solar 
irradiation level, Solar Energy 101 (2014) 333–342. 

[15] H. Ahmed Sher, A. Faisal Murtaza, A. Noman, K.E. Addoweesh, A 
New Sensorless Hybrid MPPT Algorithm Based on Fractional Short-
Circuit Current Measurement and P&O MPPT, IEEE Transaction on 
Sustainable Energy, 6(4),2015:1426-1434. 

[16] T. Noguchi, S. Togashi and R. Nakamoto, Short-current pulse based 
adaptive maximum power point tracking for photovoltaic power 
generation system.In: IEEE Int Symp Indust Electron; 2000. p. 157–
62. 

[17] R. Boukenoui1, R. Bradai2,3, A. Mellit4, M. Ghanes5 and H. Salhi, 
Comparative Analysis of P&O, Modified Hill Climbing-FLC, and 
Adaptive P&O-FLC MPPTs for Microgrid Standalone PV System, 4th 
International Conference on Renewable Energy Research and 
Application (ICRERA), Palermo, Italy, 22-25 Nov, 2015, pp. 1095-
1099. 

[18] S. Messalti, A. Harrag and A. Loukriz, A New Neural Networks 
MPPT controller for PV Systems, 2015 6th International Renewable 
Energy Congress (IREC), 2015, Sousse, Tunisia, pp. 1-6. 

[19] A. Harrag and S. Messalti,  Variable step size modified P&O MPPT 
algorithm using GA-based hybrid offline/online PID controller, 
Renewable and Sustainable Energy Reviews 49 (2015) 1247–1260. 

[20] S.Z. Mirbagheri, M. Aldeen, S. Saha, A PSO-based MPPT Re-
initialised by Incremental Conductance Method for a Standalone PV 
 System,  2015 23rd Mediterranean Conference on Control and 
Automation (MED), June 16-19, 2015. Torremolinos, Spain, pp. 293-
303. 

[21] A.S. Oshaba, E.S. Ali a,d S.M. Abd Elazim, PI controller design using 
ABC algorithm for MPPT of PV system supplying DC motor pump 
load, Neural Comput & Applic DOI 10.1007/s00521-015-2067-9. 

[22] W. Shockley, “The theory of p-n junctions in semiconductors and p-n 
junction transistors,” Bell System Technical Journal , vol. 28, pp. 
435–89, 1949. 

[23] A.M.Kassem, MPPT control design and performance improvements 
of a PV generator powered DC motor-pump system based on artificial 
neural net-works. Int. J Elect Pow Energ Syst 43-12012:90–8. 

[24] A. Terki, A. Moussi, A. Betka, N. Terki, An improved efficiency  of 
fuzzy logic control of PMBLDC for PV pumping system. Appl Math 
Model 36-3 2012:934–44. 

[25] B. Bendib, H. Belmil and F. Krim, A Survey of the Most Used MPPT 
Methods: Conventional and Advanced Algorithms Applied for 
Photovoltaic Systems.” Renewable and Sustainable Energy Reviews 
45, 2015: 637-48. 

[26] M. Seyedmahmoudian, R. Rahmani, S. Mekhilef, A. Maung Than Oo, 
A. Stojcevski, T. Kok Soon and A. Safdari Ghandhari, Simulation and 
hardware implementation of new maximum power point tracking 
technique for partially shaded PV system using hybrid DEPSO 
method," IEEE Transactions on Sustainable Energy, vol. 6, pp. 850-
862, 2015. 

[27] K. Ishaque, Z. Salam, G. Lauss, The performance of perturb and 
 observe and incremental conductance maximum power point tracking 
 method under dynamic weather conditions, Applied Energy 119 
(2014)  228–236. 

[28] K. Ishaque, Z. Salam, M. Amjad and S. Mekhilef, An Improved 
Particle Swarm Optimization (PSO) Based MPPT for PV With 
Reduced Steady-State Oscillation, IEEE Transactions on Power 
Electronics, vol. 27, pp. 3627- 3638, 2012. 

[29] T. Radjaia, L. Rahmania, S. Mekhilefb, J.P. Gaubert, Implementation 
of a modified incremental conductance MPPT algorithm with direct 
control based on a fuzzy duty cycle change estimator using dSPACE, 
Solar Energy, vol. 110, pp. 325-337, 2014. 

978-1-5090-3960-9/17/$31.00 ©2017 IEEE 224



  

[30] T. Kok Soon and S. Mekhilef, A Fast-converging MPPT Technique 
for Photovoltaic System under Fast Varying Solar Irradiation and 
Load Resistance, IEEE Transactions on Industrial Informatics, Vol.11, 
Issue 1, pp. 176- 186, 2015 

[31] T. Kok Soon and S. Mekhilef, Modified incremental conductance 
MPPT algorithm to mitigate inaccurate responses under fast-changing 
solar irradiation level, Solar Energy, vol. 101, pp. 333-342, 2014. 

[32] R.I. Putria, S. Wibowo and M. Rifai, Maximum power point tracking 
for photovoltaic using incremental conductance method, Energy 
Procedia 68 (2015) 22–30. 

[33] https://www.solarelectricsupply.com/media/custom/upload/Solarex-
MSX64.pdf. 

[34] A. Hessien, K. Hirasawa, J. Hu and J. Murat, The dynamic 
performance of photovoltaic supplied DC motor Fed from DC-DC 
converter and controller by neuronal network," International Joint 
Conference, 1(2), 2002:607-612. 

 

978-1-5090-3960-9/17/$31.00 ©2017 IEEE 225


