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Abstract— Solar power system finds extensive application 

in remote areas where access to the grid supply is 

impractical. From livestock watering to remote home or 

village water supply needs are met from the solar based 

water pumps system. Most of the Photovoltaic water 

pumping systems are connected directly to the solar arrays 

and use DC motor driven pumps. This system is easy to 

operate but is inefficient and requires frequent maintenance. 

Solar water pumps operated with AC drive uses an inverter 

with ac motor or induction motor. Induction motor offer 

better choice in terms of size, ruggedness, efficiency and 

maintainability. The DC power from solar array is boosted 

and fed to an inverter which gives AC. Output of inverter 

drives the motor coupled to a water pump. Photovoltaic 

power system usually require maximum power point 

tracking controller, which is an electronic system that 

operates the Photovoltaic modules in a manner that allows 

the modules to produce all the power they are capable of. 

There are different types of MPPT algorithms like 

Perturbation and Observation, incremental conductance etc. 

which can be grouped as traditional techniques. Photovoltaic 

powered water pumps are basically similar to any other 

pumping system. When there is enough sunlight, the system 

functions well. 
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I. INTRODUCTION 

Solar cells convert incident energy in the form of sunlight to 

the electrical output. The utilisation of photovoltaic 

conversion of solar energy to power water pumps is today 

an emerging technology, characterised by gradually 

declining costs and increasing acquaintance with the 

technology. Photo voltaic have a complex relationship 

between their operating environment and the maximum 

power they can produce. Solar water pumping systems for 

providing domestic, livestock and irrigation water supplies 

in remote areas have gained enormously in acceptance. This 

can be attributed to the fact that it is not economically viable 

to connect such remote locations to national electric grids. 

The optimisation problem consists in maximising the daily 

pumped water quantity via the minimisation of a non-linear 

criterion for any operating point. At constant temperature 

and different insolation levels the voltage- current and 

voltage-power characteristics can be obtained.   

II. SOLAR CELLS  

This is the basic components of photovoltaic panels. It takes 

advantage of the photoelectric effect (the ability of some 

semiconductors to convert electromagnetic radiation directly 

into electrical current). The charged particles generated by 

the incident radiation are separated conveniently to create an 

electrical current by an appropriate design of the structure of 

the solar cell. A diagram of the p-n junction showing the 

effect of the mentioned electric field is illustrated in Figure 

 
Fig. 1: Solar Cell 

 A solar cell is basically a p-n junction which is 

made from two different layers of silicon doped with a small 

quantity of impurity atoms (in the case of the p-layer, with 

one less valence electron known as acceptors and in the case 

of the n-layer, atoms with one more valence electron, called 

donors). When the two layers are joined together, near the 

interface the free electrons of the n-layer are diffused in the 

p-side, leaving behind an area positively charged by the 

donors. Similarly, the free holes in the p-layer are diffused 

in the n-side, leaving behind a region negatively charged by 

the acceptors. This creates an electrical field between the 

two sides that is a potential barrier to further flow. The 

equilibrium is reached in the junction when the hole and 

electron cannot surpass that potential barrier and 

consequently they cannot move. This electric field pulls the 

electrons and holes in opposite directions so the current can 

flow in one way only electrons can move from the p-side to 

the n-side and the holes in the opposite direction. 

III. TRADITIONAL BATTERY CONNECTED SOLAR SYSTEM 

The maximum power point tracker (MPPT) is now prevalent 

in grid-tied PV power systems and is becoming more 

popular in stand-alone systems. It should not be confused 

with the sun tracker, mechanical devices that rotate and/or 

tilt PV modules in the direction of the sun.  MPPT is a 

power electronic device interconnecting a PV power source 

and a load, maximizes the power output from a PV module 

or array with varying operating conditions, and therefore 

maximizes the system efficiency. 

 

Fig. 2: Block Diagram of a Traditional Stand-Alone Solar 

System 

IV. EQUIVALENT CIRCUIT OF SOLAR CELL 

The solar cell can be represented by the electrical model 

shown in Figure 3 the current voltage characteristic is 

expressed by the following equation: 
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 Where I and V are the solar cell output current and 

voltage respectively, I0 is the dark saturation current, q is the 

charge of an electron, A is the diode quality factor, k is the 

Boltzmann constant, T is the absolute temperature and RS 

and RSH are the series and shunt resistance of the solar cell. 

RS is the resistance offered by the contacts and the bulk 

semiconductor material of the solar cell. In an ideal case RS 

would be zero and RSH infinite. However, this ideal scenario 

is not possible and manufacturers try to minimize the effect 

of both resistances to improve their products. 

 
Fig. 3: Equivalent circuit of a solar cell 

 A PV panel is composed of many solar cells, which 

are connected in series and parallel so the output current and 

voltage of the PV panel are high enough to the requirements 

of the grid or equipment. Taking into account the 

simplification mentioned above, the output current-voltage 

characteristic of a PV panel is expressed by equation (1.2), 

where np and ns are the number of solar cells in parallel and 

series respectively. 
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V. OPEN CIRCUIT VOLTAGE, SHORT CIRCUIT CURRENT AND 

MAXIMUM POWER POINT 

Two important points of the current-voltage characteristic 

must be pointed out the open circuit voltage VOC and the 

short circuit current ISC. At both points the power generated 

is 0(zero). VOC can be approximated from (1.3) when the 

output current of the cell is zero, i.e. I=0 and the shunt 

resistance RSH is neglected. The short circuit current ISC is 

the current at V = 0 and is approximately equal to the light 

generated current IL as shown in equation  
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 The maximum power is generated by the solar cell 

at a point of the current-voltage characteristic where the 

product VI is maximum this point is known as the MPP and 

is unique, as can be seen in Figure 4, where the previous 

points are represented. 

 
Fig. 4: Important points in the characteristic curves of a 

solar panel 

VI. TEMPERATURE AND IRRADIANCE EFFECTS 

Two important factors that have to be taken into account are 

the irradiation and the temperature. They strongly affect the 

characteristics of solar modules. As a result, the MPP varies 

during the day and that is the main reason why the MPP 

must constantly be tracked and ensure that the maximum 

available power is obtained from the panel. The effect of the 

irradiance on the voltage-current (V-I) and voltage-power 

(V-P) characteristics is depicted in Figure 5, where the 

curves are shown in per unit, i.e. the current and voltage are 

normalized using the ISC and the VOC respectively. 
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 As the temperature and the irradiation depend on 

the atmospheric conditions, which are not constant during 

the year and not even during a single day; they can vary 

rapidly due to fast changing conditions such as clouds. This 

causes the MPP to move constantly, depending on the 

temperature and irradiation conditions. If the operating point 

is not close to the MPP, great power losses occur. 

 
Fig. 5: V-I and V-P curves at constant temperature (25°C) & 

three different insolation values. 

VII. SIMULATION MODEL OF PV FED DC MOTOR PUMP 

SYSTEM WITH MPPT 

A solar array model is used to simulate the behaviour of 

solar panel & step input is applied to it showing the 

radiation intensity to the panel. Then according to the PV 

model it generates some power at particular terminal voltage 

now the output is connected to the input of the converter and 

is also sensed by the current and voltage sensors, now the 

sensed values of current & voltage is used for estimating the 

power supplied by the PV panel to the load. After 

calculating power it is compared with its previous value to 

calculate the sign of slope then the output is converted into 

binary number 0 or 1 which is feed to the next section which 

is basically an up down counter it counts down for logic 0 

input and counts up for logic 1. The counter output is used 

to control the duty cycle of the buck boost converter. Since 

the output of the DC to DC converter contains lots of spikes 

and ripples it is filtered by the next block. After filtering we 

get relatively smooth DC voltage which is now applied to 

the DC motor. 
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Fig. 6: Simulated model of PV fed DC motor pump system 

with MPPT. 

VIII. SIMULATION MODEL OF PV FED INDUCTION MOTOR 

PUMP SYSTEM WITH MPPT 

The simulation model for the system is shown in figure 7 for 

the induction motor system same model as in case of PV fed 

separately excited dc motor pump system with MPPT is 

used. In this model after filter an inverter along with three 

phase induction motor is connected. 

 
Fig. 7: Simulated model of PV fed induction motor pump 

system with MPPT 

IX. MAXIMUM POWER POINT TRACKING (MPPT) 

MPPT algorithms are necessary in PV applications because 

the MPP of a solar panel varies with the irradiation and 

temperature, so the use of MPPT algorithms is required in 

order to obtain the maximum power from a solar array. PV 

solar system is come in different configuration. The most 

basic version is one where power goes from collector panels 

to the inverter (often via a controller) and from there directly 

onto the grid. The part of the power goes to the grid and part 

of it to a battery bank. The other version is not connected at 

all to the grid but still employs a dedicated PV inverter that 

features MPPT. Hill-climbing techniques are the most 

popular MPPT methods due to their ease of implementation 

and good performance when the irradiation is constant. The 

Hill-climbing techniques are: 

 Perturb and observe 

 Incremental conductance 

 when the irradiation changes following a slope, the 

curve in which the algorithms are based changes 

continuously with the irradiation, as can be seen in Fig 8, so 

the changes in the V & I are not only due to the perturbation 

of the V. As a consequence it is not possible for the 

algorithms to determine whether the change in the power is 

due to its own voltage increment or due to the change in the 

irradiation.   

 
Fig 8: PV curve depending on the irradiation 

 The maximum power point tracker (MPPT) is now 

prevalent in grid-tied PV power systems and is becoming 

more popular in stand-alone systems. It should not be 

confused with sun tracker, a mechanical device that rotate 

and/or tilt PV modules in the direction of sun.  MPPT is a 

power electronic device interconnecting a PV power source 

and load, maximizes the power output from a PV module or 

array with varying operating conditions, and therefore 

maximizes the system efficiency. Calculates the value at 

standard test condition with and without MPPT and are 

given in table. 
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Table 1: Comparison between PV arrays output connected 

to the load with and without MPPT arrangement 

X. CONTROL OF MPPT SYSTEM  

The MPPT algorithm expresses a MPPT controller how to 

move the operating voltage. Then, it is the MPPT 

controller's duty to carry the voltage to maintain in desired 

level. The MPPT algorithm (Perturbation and Observation, 

Incremental and Conductance etc.) is performed in a 

software program with a self-tuning function, which 

automatically controls the array reference voltage and 

voltage step size to fast obtain the Maximum Power 

Tracking under fast varying conditions. Then, there is 

another control loop that is the proportional and integral (PI) 

controller which adjusts the input voltage of the converter. 

The purpose of the PI controller is to reduce the error 

between (ref V) and the computed voltage by regulating the 

duty cycle. The PI loop works with a fast rate and delivers 

quick response and is used to increase the system stability. 
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XI. CONCLUSION 

This work opens a window on the modelling and simulation 

of the photovoltaic pumping systems using MATLAB 

SIMULINK. The results obtained from the simulation of the 

system are promising and satisfactory. It is understood that 

PMDC and induction motor pumping system with MPPT 

technique gives better efficiency. The discharge rate of 

water and efficiency of the PMDC pumping system is better 

than the AC pumping system. This study presents a simple 

but efficient photovoltaic water pumping system.  It models 

each component and simulates the system using MATLAB.  

The result shows that the PV model using the equivalent 

circuit in moderate complexity provides good matching with 

the real PV module. 
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