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Abstract - In this work, each components of the photovoltaic water pumping system have 

been modeled in the Matlab/Simulink platform using meteorological data obtained from 

the field for the specific month corresponding to the hottest one of the year and for 

different total heads or pump loads. Optimization is done using the incremental 

conductance MPPT techniques which help to track the maximum power available in the 

photovoltaic module at each time and then feed the pump with optimal power. The results 

of this simulations show the effectiveness of the optimized system compare to the direct-

coupled one. For the considered water pumps, daily flow rates are predicted and permit 

to calculate monthly total volume of water which is in the range of 122 m3 to 200 m3 for 

the total heads in the range of 60 m to 24 m with optimization and in the range of 12 m3 to 

43 m3 for the same range of total heads without optimization. This study also shows the 

relevance of the optimized system compare to the direct-coupled system for providing 

water in rural areas of soudano-sahelian zone of Cameroon.  

Résumé - Dans ce travail, chaque composant du système de pompage d'eau 

photovoltaïque a été modélisé dans la plate-forme Matlab/Simulink à partir de données 

météorologiques obtenues sur le terrain pour le mois spécifique correspondant au mois le 

plus chaud de l'année et pour différentes hauteurs manométriques totales ou charges des 

pompes. L'optimisation s'effectue à l'aide des techniques de conductivité incrémentale 

MPPT qui permettent de suivre la puissance maximale disponible dans le module 

photovoltaïque à chaque instant et d'alimenter la pompe avec la puissance optimale. Les 

résultats de ces simulations montrent l'efficacité du système optimisé par rapport au 

système à couplage direct. Pour les pompes à eau considérées, des débits journaliers sont 

prévus et permettent de calculer des débits mensuels totaux d'eau qui sont de l'ordre de 

122 m3 à 200 m3 pour des hauteurs totales de 60 m à 24 m avec optimisation et de 12 m3 à 

43 m3 pour la même hauteur totale sans optimisation. Cette étude montre également la 

pertinence du système optimisé par rapport au système à couplage direct pour 

l'approvisionnement en eau dans les zones rurales de la zone soudano-sahélienne du 

Cameroun. 

Keywords: PV water pumping systems - Soudano-sahelian zone - Optimization - 

Modeling - Prediction. 

1. INTRODUCTION

Given the increase in the greenhouse gas emission rate, resulting in climate change 

and significant natural disasters, the use of non-polluting energies has emerged as an 

appropriate solution. Climate change driven by the use of fossil fuels is also the cause of 

scarcity of water resources [1, 2]. Surface water is becoming increasingly scarce and of 
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poor quality, limiting their use to rural areas and is most of the time the c use of several 

diseases and death in low and middle income nations[3, 4]. 

Groundwater seems to be the best alternative to this dilemma [5, 6]. Photovoltaic 

solar power has grown significantly during this decade and is positioned as the best 

alternative for pumping water. This rapid growth is due to its significant potential as a 

renewable energy source. In the last ten years, cumulative installed capacity has grown 

at an average rate of 49%  per year. 

In 2013, about 37 GW of new PV capacity was installed in about 30 countries or 

100 MW per day bringing total global capacity to over 135 GW [7, 9]. Crystalline 

silicon (c-Si) modules, currently dominate the PV market with around 90 % share [9]. 

Depending on their efficiency and cost-efficiency rate, PV water pumping systems are 

becoming very popular.  

They have been developed to appear in these following categories [10]: Directly 

coupled PVWPS which pump water only when the photovoltaic modules capture the 

solar radiation; Maximum Power Point PVWPS which include MPP trackers to enhance 

the panels efficiency and thus increase the pumped water volume; Batteries PVWPS 

which  include batteries to supply pumps when the panels power generation is not 

sufficient. 

And Sun trackers PVWPS which include sun trackers to maximize the solar energy 

received. They are considered expensive and complicated to implement [11]. Over the 

past decades several algorithms for MPPT have been developed and validated [12, 13], 

namely, the Look-up table MPPT [14], the Neuro-Fuzzy [15], the Incremental 

Conductance [15]  and the Perturbation and Observation (P&O) algorithms [16].  

These techniques differ in many aspects such as required sensors, complexity, cost, 

range of effectiveness, convergence speed, correct tracking when irradiation and/or 

temperature change, hardware needed for the implementation or popularity, their 

advantages and their necessity  to control the operating point to extract the maximum 

power from the PV array but they all require the sensing of the PV current and voltage 

using the off-the–shelf hardware to generate the duty cycle   used to control 

converters, such as choppers. [17, 27].  

Among the most used we distinguish, the Incremental Conductance algorithm which 

does not fail during its execution and cannot therefore result in a decrease in power 

during the operation of the system it appear as a most precise method [28, 30]. This 

paper focus on the study of the incremental conductance MPPT techniques which is the 

most precise technique for extracting power from PV [10] using measured climatic data 

of the target area. 

The relevance of using such technique in gaining energy, for a specific application 

(water pumping installation in a rural area), is detailed by comparing their efficiencies 

with a similar installation that is not equipped with MPPT (direct coupled system) into 

the Matlab/Simulink platform. 

2. STUDY AREA AND DATA 

Soudano-sahelian zone of Cameroun is a Tropical area, It is located between the 

latitude 6˚N and 13˚N and between longitude 11˚E and 16˚E, and covers three 

administrative regions (Far North, North and Adamaoua). It shares its boundaries with 

Nigeria, Central African Republic and Chad Republic [31]. 

The mean annual rainfall ranges between 400 mm to 1800 mm. The mean annual 

temperature during the period 1960-2010 ranges between 24 °C and 27.9 °C in the 

Adamaoua region and from 28 °C to 34 °C in the North and Far-North regions [32].  
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Rainfall is scarce and dry seasons are more arid as one move away from the equator. 

The relative humidity is less than 60 % and the insolation is up to 2500 hrs/year [33]. In 

this part of the country water is the primary source of life for mankind and one of the 

most basic necessities for rural development. The rural demand for water for domestic 

water supplies and crop irrigation is increasing. 

Particularly for the hot months of the dry seasons where installed water pumping 

systems are unable to satisfied water demand of the population despite the fact that 

these months have the strongest solar irradiation of the year. The water needs of a 

population depend mainly of its lifestyle, the environment and climatic conditions of 

each region. Drinking, cooking, washing and bathing are the main uses of water for 

human needs. Animals also need water for their survival. The water use is also essential 

in the field of agriculture. For humans, the quantity for the normal living condition in 

Africa is 30 l/day/person [34]. 

3. SIZING AND MODELING  

OF A PV WATER PUMPING SYSTEMS 

The photovoltaic pumping system is sized on the basis of the findings from a local 

data survey. Many systems are based on the known data of a nearby reference location 

for which relevant measured values are available.  

If it is possible to visit the intended location, the following field data should be 

gathered: water quality, demand for water in the supply area, pumping head with 

allowance for friction losses and well dynamics, geographical peculiarities. The 

technical planner can choose from a number of design methods of various qualities[35-

38]. 

There are still many obstacles inhibiting a larger implementation of PV pumping 

systems [39]. Among these problems, there is a lack of accurate tools for the prediction 

of the system performances. To achieve improvements in PV pumping design, it is 

necessary to study and model photovoltaic water pumping systems. 

Some authors developed algorithms to determine the optimum sizing for the PV 

water pumping installation depending on the load demand and the site characteristics 

[40, 41], demonstrating that an optimum sizing allows to decrease considerably the 

water pumping installation cost [42]. 

Other researchers concentrated on the optimum use of the photovoltaic energy 

generated by establishing management algorithms using intelligent tools, namely Fuzzy 

logic [43, 44]. A good sizing and energy use require an efficient extraction of the 

photovoltaic power. This requires the use of a technique that allows extracting the 

maximum PV power generated, known as Maximum Power Point Tracking or MPPT 

[43]. 

4. MATERIALS AND METHODS 

The system studied consists of the PV generator, the DC-DC converter (Buck / 

Boost type chopper) and the motor-pump unit. The DC-DC converter is controlled by a 

search strategy of the maximum power point MPPT. Figure 1 show the overview of the 

entire system. 

The MPPT command imposes a control action on the converter by performing a 

duty cycle modulation. The latter will then enable the converter to be controlled in order 

to continue and supply the maximum power that can be delivered by the photovoltaic 

module at any instant for powering the motor-pump unit. 
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Fig. 1: DC-DC adaptation of the PV generator to a load 

4.1 Modeling the PV Generator 

4.1.1 Theoretical model of PV generator 

An analytical model is proposed here to characterize PV cells. The proposed 

expressions, based on explicit methods, allow the current and the voltage at key 

operational 

points(maximum power point) to be calculated using the single-diode model as a 

function of cell temperature, irradiance and common manufacturers’ data. The electrical 

circuit used for modeling the operation of the PV generator is represented in figure 2 

below. 

 
Fig. 2: Equivalent electric circuit for the PV module 

The expression of the current delivered by this photovoltaic solar generator can be 

expressed by equation 1: 
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Where, pvI , is Current supplied by the PV generator, (A); pvV , Voltage at the 

terminals of the PV generator (V); thV , Thermal voltage [23 mV at 300 K for one cell]; 

celln , Number of cells in series; ssN , Number of module in series; ppN ; Number of 

module in parallel; k , Boltzmann Constant (8.65  105 eV/K = 1.381  1023 J/K); cT : 

Cell Temperature (K); satI , is the dark current (A); n , Ideality factor; ( ); sR : Serie 

resistance, ( ); pR , Shunt resistance, ( );  phI , is the photocurrent related to the 

illumination level, (A).  
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In this formula, the voltage of the diode is expressed as follows: 
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Where, G , Solar irradiance, W/m2; 0G , is the reference solar irradiance, 1000 W/m2; 

0T , Reference temperature;  , Current Temperature Coefficient (Usually given by the 

manufacturer on the catalog in percent by degrees Celsius); 
0T,phI , is the short circuit 

current given by manufacturer.  

The operating temperature cT  of the cell depends on the irradiance G  and the 

ambient temperature aT , according to the following empirical equationbfor poly-

crystalline photovoltaic module [45, 47].  
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4.2 Modelling of the converter  

4.2.1 Theorical method 

A static converter of the Buck-Boost / Switch-Survolter is a converter which 

converts a DC voltage into another DC voltage of higher or lower value in the order of 

magnitude of the duty cycle. This particular type of converter can operate as a reverser 

when the duty cycle imposed on it is less than 0.5 and as the booster when it is greater 

than 0.5. 

During the MPP tracking, the converter will operate as a step-down on one track and 

as a booster on another. During the "on" state, the energy supplied by the source (PV 

generator) is stored in the inductance L  (figure 3-a). The energy stored in the 

inductance L  is then delivered to the load during the "off" state (figure 3-b).  

Due to the presence of the diode D , the current flows through the inductance L  

only in one direction during both states. Therefore, loadV  has a polarity opposite to pvV  

for this reason, this circuit is also called an inverter converter.  

The equation connecting the input voltage and the output voltage can be written in 

the form given by (6). The capacitor 1C  supports the supply voltage pvV , 2C  smoothes 

the voltage of the load. The amplitude of loadV . may be lower or higher than pvV  

depending on the value of the duty cycle [48], for this reason it can operate as a booster 

or as a bucker. 
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4.3 Modeling of the converter with the MPPT incremental conductance algorithm 

4.3.1 Theoretical model of the incremental conductance algorithm 

The Incremental Conductance for MPPT depends on the array terminal voltage pvV , 

which is always adjusted according to the MPP voltage mppV , based on the 
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instantaneous and incremented conductance of the photovoltaic module pvpv VI  and 

pvpv VdId , respectively, which are tested following (7), (8) and (9) [15, 41]. 

  

Fig. 3: Buck - Boost converter during on state (a) and off state (b) 
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Hence, by comparing these conductance values following (7) to (9) at each sampling 

time, the algorithm tracks the maximum power of the photovoltaic module [44]. The 

changes in G  and 
aT  are also verified when 0Id PV   and 0Vd pv  . Indeed, in this 

condition, the solar radiation has not changed. When 0Id PV  , the voltage at the MPP 

increases and thus, the algorithm must increase PVV  to track mppV . Thus, this method 

allows the MPP to be tracked independently of the module characteristics [14] 

4.4 Modeling of the pump and its selection 

4.4.1 Pump selection 

For the pumping system modeling, we chose a Lorentz pump model PS200-HR-04-

MPPT with a nominal voltage of 48 V and capable of pumping up to 60 m. A typical 

performance curves, reflecting the rendering of the operating parameters characterizing 

it, such as: flow rate, efficiency and power; are supplied by the manufacturer in their 

catalog.  

4.4.1 Pump selection 

After choosing the pump under PVSYST6.1.0, we have used the set of 

),P(fQ el   curves available in its catalog, in order to best adjust the relationship 

between these variables.  

Different relationships are then modeled under Matlab/Simulink environment and 

can be assimilated to the model of this particular pump. The mathematical function 

which best suits the experimental data governing the operation of the pump is given by 

equation 10. This is a template from the PVSYST6.1.0 software. 

3el2
2
el1él

3 pPpPp))W(P(f)h/m(Q     (10) 

321 p,p,p  are coefficient which are determined experimentally. These coefficients 

depend on the total discharge head of pump (TDH). The values obtained from 

PVSYST6.1.0 for different Heads are presented in Table 1. 
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Table 1: Values of coefficients 321 p,p,p  for different 

Heads for Lorentz pump model PS200-HR-04-MPPT 

TDH 24 m 30 m 40 m 60 m 

1p  -4.97.10-6 -3.29.10-6 -1.23.10-6 1.35.10-6 

2p  5.55.10-3 4.88.10-3 4.04.10-3 2.75.10-2 

3p  -1.4.10-2 -2.08.10-2 -2.96.10-2 -5.01.10-2 

4.5 Simulation of the model under MATLAB/Simulink 

4.5.1 Simulation of PV generator 

We have developed a Simulink model of the system using the Simpower libraries. 

The implementation under Simulink of the model of the photovoltaic generator that we 

will use is illustrated in figure 4 below: 

 
Fig. (4) 

 
Fig. 4(b) 

 

Fig. 4(b) 

Fig. 4: Simulation model of the PV generator under Matlab/Simulink 
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4.5.2 Simulation of the converter 

As mentioned above, the converter used in this work is conventional DC-DC 

converter (Buck / Boost type chopper). The Simulink model is shown in figure 5. The 

duty cycle is provided by the MPPT algorithm simulated in a separated Maltab block. 

 

Fig. 5: Simulation model under Matlab/Simulink of the DC / DC converter 

4.5.3 Simulation of the whole system 

Once each component of the PV water pumping system is modeled, the Matlab / 

Simulink simulation model of the whole system is built and presented in figure 6. 

 
Fig. 6: PV water Pump system Simulink model 

5. RESULTS AND DISCUSSION 

5.1 Profile of irradiance and temperatures 

Experimental data are provided from a measuring station in the city of Maroua 

(10°28'N; 14°16'E Alt: 423 m).  

 

Fig. 7: Irradiance, Ambient and cells temperatures for a sunny day 
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In order to have precise data, measures have been done between 7 am and 6 pm at 

regular intervals of five minutes for smoothest. These data consist on temperature and 

irradiance as shown in figure 7 for sunny day, figure 8 for semi cloudy day and figure 9 

for cloudy day. In these figures, cells temperatures were plotted using the equation (5). 

 

Fig. 7: Irradiance, Ambient and cells temperatures for a sunny day 

 
Fig. 8: Irradiance, ambient and cells temperatures for a semi cloudy day 

 
Fig. 9: Irradiance, ambient and cells temperatures for a cloudy day 

5.2 Profile of water flow rate 

The Matlab/Simulink simulation model of the PVWPS is used in order to predict the 

monthly or annual water flow rate of the water pumping stations. Daily measured data 

of irradiance and temperature are used for simulation and the profile of water flow rate 

during each day of measured data are obtained.  
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Profile of the water flow rate for the optimized algorithm are presented in the figure 

10 and 11 respectively for cloudy and sunny day. It can be observed that the flow rate of 

the pump has the same profile as the irradiation of the day. 

 

 

Fig. 10: Water flow rate during cloudy day 

 

Fig. 11: Water flow rate during sunny day 
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5.3 Profile of water volumes 

For each day of the month, the water volume is assessed from day to day water flow 

rate profile, for the following total heads: 24 m, 30 m, 40 m and 60 m. This volume 

corresponds to the area under the flow rate curve as function of time. Figure 12 and 13 

present the water volumes for different head and for optimized ( VOpt  ) and direct-

coupled system respectively. 

 

Fig. 12: Water volume for different heads for direct-coupled 

 

Fig. 13: Water volume for different heads for optimized algorithm 
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From these figures, we can observe disparity between water volumes. Indeed, 

irrespective of the situation of the optimized and direct-coupled system, the water flow 

rate and daily volume decrease as the total discharge head increase which is in 

accordance with the theoretical results.  

The total water volume for the considered month is in the range of 120 m3 and 200 

m3 for the optimized system, while it is in the range of 12 m3 and 43 m3 for the direct-

coupledsystem. The daily mean water volume is in the range of 4 m3 and 8 m3 for the 

optimized system, while it is in the range of 0.5 m3 and 1.7 m3 for the direct-

coupledsystem. 

These two parameters are linear functions of total heads as shown in figures 14 and 

15.  

 

 
Fig. 14: Monthly total water volume for different 

heads for direct-coupledand optimized algorithm 

 

Fig 15: Daily mean water volume for different 

heads for direct-coupled and optimized algorithm 

The disparity between optimized and direct-coupled systems is more visible in this 

above figures.  For the considered total discharge heads, this disparity can be accessed 

for each day as the difference between the water volume collected from the optimized 

system and the one collected from the direct-coupled system as observed from Figures 

16 to 19. 

From these figures, it is seen that the daily water volumes provided by the direct-

coupled system are very little compare to those provided by the optimized system.This 

show the effectiveness of the optimization action on the flow delivered by the pump.  

The power converter with its MPPT control thus plays a fundamental role in optimal 

used of the photovoltaic water pumping system to provide water to populations 

especially those in remote area.  
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Fig. 16: Dailywater volume for 24 m head 

for direct-coupledand optimized algorithm and their disparity 

 

Fig. 17: Daily water volume for 30 m head 

for direct-coupled andoptimized algorithm and their disparity 

 

Fig. 18: Daily water volume for 40 m head 

for direct-coupledand optimized algorithm and their disparity 
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Fig. 19: Daily water volume for 60 m head 

for direct-coupled and optimized algorithm and their disparity 

5. CONCLUSION 

This work is focused on prediction of the performance of a photovoltaic water 

pumping system based on simulation using on field meteorological data. The main 

objective is to demonstrate relevance of the incremental MPPT algorithms compared to 

the direct coupled systems for PV water pumping into a specific weather conditions of 

the Sudanno sahelian zones of Cameroon. 

We have modeled a Lorentz PS20-HR04-MPPT pump with a maximum power of 

240 W, associated to a DC/DC power converter control with the MPPT Conductance 

Incrementation algorithm in the Matlab/Simulink plateforms. 

The effectiveness of the optimized system compare to the direct-coupled system 

have been shown. For the considered water pumping system, monthly simulations 

predictions range of 122 m3 to 200 m3 for the total heads in the range of 60 m to 24 m 

with optimization and in the range of 12 m3 to 43 m3 for the same range of total heads 

without optimization.  

The daily mean water volume were also predicted to be in the range of 4 m3 and 8 

m3 for the optimized system, while it was in the range of 0.5 m3 and 1.7 m3 for the non-

optimized system during the month.  

This study at the end shows the benefit of using incremental conductance MPPT for 

water pumping systems in the rural area since it provide a high quantity of water 

compare to direct-coupled systems. 

NOMENCLATURE 

pvI , Current supplied by the PV generator, A 

celln , Number of cells in series 

pvV , Voltage at the terminals of the PV 

generator, V 

thV , Thermal voltage [23 mV at 300 K for 

one cell] 

k : Boltzmann Constant [8.65x105 eV/K = 

1.381 x 1023 J/K] 

aT : Ambient temperature, K cT : Cell Temperature, K 

NOCTT : Nominal operating cell temperature satI  is the dark current, A 

sR , Serie resistance, Ω pR , Shunt resistance, Ω 

phI  is the photocurrent related to the 

illumination level, A 

0G  is irradiance at STC conditions, 1000 

W/m2 
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G : solar irradiance, W/m2

 1K : Current temperature coefficient, %/°C 

0T,phI is the short circuit current given by 

manufacturer, A 

 , duty cycle 

elP : Electric power, W 

 : pump efficiency 
offT : Time period when the switch is opened 

onT : Time period when  the switch is closed
 

MPP: Maximum power point 

PVWPS: Photovoltaic water pumping system Q: Water flow rate, m3/h 

TDH: Total discharge head, m DC: Direct current 

PV: Photovoltaic  
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