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Abstract 

The rise of technology has contributed positively in both industrial and agricultural sectors. The 

emergence of photovoltaic technology has created a positive leap in the advancement of 

agricultural productivity. Being a source of reliable and efficient form of electrical energy 

production, photovoltaic system helps in curbing the menace caused by conventional sources of 

electrical energy and their adverse effect to the environment. The energy generated from the 

monocrystalline solar cell is used to power a single-phase Lorentz Ps 1200 Hr-10 Submersible 

induction water pump. This article evaluates the corresponding effects of temperature on the 

characteristic parameters of the solar cell and its efficiency on the reliability of the pumping 

system. The resultant effects of temperature on the open circuit voltage of the solar cell without 

affecting the short circuit current agrees with experimental data obtained from submersible 

pump available in the industry.  
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INTRODUCTION 

Photovoltaic water pumping system are often used for agricultural operations, especially in 

remote areas or where the use of an alternative energy source is desired.  In particular, they have 

been demonstrated time and time again to reliably produce sufficient electricity directly from 

solar radiation (sunlight) to power livestock and irrigation watering systems. In the Northern part 

of Nigeria, where the availability of solar intensity and the abundance of water resources 

constitute important and profitable factors for photovoltaic water pumping system erection, 

places like Zamfara, Sokoto, Kebbi, Adamawa, Bauchi, Maiduguri, and Gombe States, the 

supply of water for domestic use, livestock watering and irrigation of large farm land remains a 

challenge, especially those of remote locations. The use of fuel and diesel motors is associated 

with maintenance problem, high cost and environmental pollution[1]. The solar water pumping 

system consist of a single phase induction motor, boost converter, LC filter and Proportional 

Integral Derivative (PID) controller[2]. When properly designed, solar water pumping system 
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can result in significant long-term cost savings and a smaller environmental footprint compared 

to conventional power systems[3]. The volume of water pumped by a solar powered system in a 

given interval depends on the total amount of solar energy available in that time period.  

Specifically, the flow rate of the water pumped is determined by both the intensity of the solar 

energy available and the size of the PV array used to convert the solar energy into direct current 

(DC) electricity. The principle components in a solar-powered water pump system include the 

PV array and its support structure, an electrical controller, and an electric-powered pump[4].The 

solar cells in a PV module are made from semiconductor materials. When light energy strikes the 

cell, electrons are knocked loose from the material’s atoms. Electrical conductors attached to the 

positive and negative sides of the material allow the electrons to be captured in the form of a 

D.C. current. This electricity can then be used to power a load, such as a water pump, or it can be 

stored in a battery. It’s a simple fact that PV modules produce electricity only when the sun is 

shining, so some form of energy storage is necessary to operate systems at night. You can store 

the energy as water by pumping it into a tank while the sun is shining and distributing it by 

gravity when it’s needed after dark. For electrical applications at night, you will need a battery to 

store the energy generated during the day. Solar water pumping system is the simplest and most 

appropriate uses of photovoltaic. It has application in agriculture, industry and domestic, hence 

meeting up a broad range of water needs. Photovoltaic powered pumping system has the added 

advantage of storing water for use in the absence of sun radiation, eliminating the need for 

batteries, enhancing simplicity and reducing overall system costs. It is highly economical when 

compared with hydro and thermal power plants. A solar powered water pumping system is 

generally in the same price range as new windmill but tends to be more reliable and require less 

maintenance[5]. 

WATER PUMPING SYSTEM 

 Photovoltaic-powered pumping systems can store water in an overhead tank when the sun is not  

shining, for both agricultural and domestic use. Two types of solar-powered water pumping 

systems exist, battery-coupled and direct-coupled [5]. Battery-coupled water pumping systems 

with batteries in the PV system provides a steady operating voltage to the DC motor of the pump 

but has the disadvantage of reducing overall system efficiency. In the direct-coupled pumping 

systems, electricity from the PV modules is sent directly to the pump, which in turn pumps water 

through a pipe to where it is needed. This pumping system saves cost, provides steady voltage, 

the pump operates at 100 percent efficiency with maximum water flow. Direct-coupled pumping 

systems stores more water on sunny days to make it available at sunset. 

 

 



31 |  P a g e
 

 

 

 

 

 

 

 

Figure 1. Direct coupled solar pumping system [5] 

Figure 2. A typical solar-powered stock watering system [5] Figure 3. Open tank watering system [7] 
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Mono-crystalline Solar cell Model 

The theme of modeling is based on the solar radiation, temperature of system and environment to 

determine the effect of cell parameters like photo generated current, saturation current, series 

resistance, shunt resistance and ideality factor on the performance of the solar cell. The influence 

of temperature, series resistance and shunt resistance on the current-voltage (I-V) characteristics 

simulated in MATLAB /Simulink is obtained. 

                      

 

 

 

  

 

Fig1: Equivalent circuit model of two diodes solar cell 

Using law of Kirchhoff’s, the total output current from the solar cell is given by 

I=    -         -                             (1) 

Where I is the net output current of the solar cell,      is the net photo generated current from the 

solar cell.            are the diode currents flowing through the diode and     is the current through 

the resistances. Expanding the current equation with its internal parameter it becomes: 
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Where Iph is the light generated current,     is the shunt resistance    is the series resistance, n is 

the diode ideality factor and    is the diode thermal voltage. These cell parameters control I-V 

characteristics of a cell at any given intensity of illumination and cell temperature thus 

determines the values of the performance parameters: the short circuit current, open circuit 

voltage and the curve factor. As the intensity of illumination changes the values of performance 

parameters change significantly. The dependence of parameters on illumination intensity can be 

affected if the values of the cell parameters   ,    , n and I themselves is related as: 
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The two diodes model consist two saturation current     and     which change with illumination 

intensity. 

ISC= 0.0011*T+0.084 is the short circuit current relation for a mono-crystalline solar cell. 

Voc= -0.0018*T+1.1 is the open circuit voltage relation for a mono-crystalline cell 

 

Model of Submersible Pump  

This is a generalized formulation for the computer-aided analysis of induction motor driving a 

submersible pump (Lorentz Ps 1200 Hr-10 Submersible water pump) and predict the 

performance of the system under various heads (H) at a given voltage (V) and frequency (F) 

which reflect the existing situation in the agricultural sector. The discharge (Q) of the 

submersible pump is a function of head, torque, speed and efficiency. The efficiency of the pump 

is a non-linear function of head and discharges at given voltage and frequency. The pump is 

modeled using variable efficiency. In order to predict the efficiency of the pump at the particular 

head and discharge for a given speed neural network function are used, hence a more accurate 

model is developed to predict the performance of induction motor driven submersible pump unit 

under real time conditions. The induction motor driven submersible pump has been split into 

several smaller parts for the purpose of modeling. These consist of induction machine electrical 

model and submersible pump mechanical model. However, the scope of this work is limited to 

the submersible pump model. 

The submersible pump is modeled with inputs as shaft speed, torque and head. The output 

variable is chosen to be discharge. Mathematically we can relate discharge as a function of head, 

torque, speed and efficiency. 

Q= f (H,       ) 

Q = 
     

   
                                                                                                  (4) 

       
     

  
                                                                                               (5) 

The efficiency of the pump is a function of the head (H) and discharge (Q) at a given speed [22]. 

ɳ=f (H, Q) 

The efficiency of the pump is determine from the pre-determine data available from Lorentz and 

Grundfos manufacturer. 
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Table1: Table of Values of efficiency for a given head and discharge [6]. 

Head (m) Discharge (m
3
/sec) Efficiency 

6.71 0.006 12.9 

17.32 0.0056 31.56 

27.05 0.0052 46.07 

36.74 0.0047 56.81 

46.34 0.0042 63.39 

56.1 0.0036 66.69 

61.59 0.0031 66.34 

67.37 0.0027 65.17 

72.41 0.0020 59.53 

  

An empirical relation is derived for the above non-linear nature of efficiency using Polyfit which 

relate head, discharge and efficiency. The order of equation is taken to be three in order to take 

into account the non-linear nature existing among the variables. 

The efficiency of the pump is determine for any value of head and discharge accurately as shown 

in table 1 above using  equation  (6) below 

ɳ=58.775 - 0.0002*H
2
Q + 0.013*HQ

2 
- 0.0217*HQ                                           (6) 

Where H is the water head and Q is the water flow rate. 

PV Powered water pump design process 

The steps involved in the design process for a PV-powered water pump system helps to ensure 

that the system functions properly and that water is supplied for the operation in the amounts and 

at the locations required. 

Step 1- Water requirement 

The first step in designing a solar powered water system is to determine the overall water 

requirement for the operation. This can be done in part by using the average water requirement 

values for various crops and livestock in the farm.  
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Table 2– Typical Water Use Requirements  

Animal or Crop  

Approximate Water 

Usage (gal/day)1  

Eastern  

Nigeria  

Northern 

Nigeria  

Milking Cow  20-25  20-25  

Dry Cow  10-15  15-20  

Calf  6-10  10-15  

Cow-Calf Pair  15-20  20-25  

Beef Cattle  8-12  20-25  

Sheep or Goat  3-5  5-8  

Horse  12  20-25  

Swine, Finishing  3-5  3-5  

Swine, Nursery  1  1  

Swine, Sow and Litter  8  8  

Swine, Gestating Sow  6  6  

Elk  4  7  

Deer  2-3  3  

100 Chickens  9  9  

 

Step 2 – Water Source  

The configuration of the water system will be defined primarily by the type of water source used, 

as well as by the local topography and the location(s) of the delivery point(s).  The water source 

may be either subsurface (a well) or surface (a pond, stream, or spring).  If the water source is a 

well, the following items will need to be determined:  

• The static water level,  

• The pumping rate and associated drawdown (along with any seasonal variation), and  

• The water quality.   

The drawdown value obtained from the well log should be used to determine the production 

potential of the well to ensure that the well will be able to supply the operation’s estimated  

water needs.  If the well log indicates an excessive drawdown during the given testing time, the 

well may not have the capacity to meet the water demands of the project.  If the capacity of the  
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well is in question, a complete well test should be performed and the drawdown levels measured 

for different flow rates. In addition, the drawdown level should be used when determining the 

pumping lift and Total Dynamic Head (TDH) during pumping.  

If a new well is to be drilled for the project, information from well logs of existing, nearby wells 

can provide valuable information about the subsurface hydrology in the area and the potential 

yield of the proposed well. The expected pumping levels should be determined in areas where 

water table fluctuations occur throughout the year.  In such areas, a well may even run dry at 

certain times of the year.  An alternate water source should be located if there is a potential for 

an existing well to run dry during critical watering times.  

For most wells, water quality is not an issue if the water is not used for human consumption.  

However, it is a good practice to obtain a water quality test if there is a potential for fecal 

coliform contamination, high nitrates or salinity, organic contaminants, and/or the presence of 

heavy metals, which may be the case for wells located in unique geological features, such as 

volcanic terrain.    

Questions or comments regarding well drilling and/or water quality testing should be directed to 

geologist. For surface water sources, such as a stream, pond, or spring, the following need to be 

determined, taking seasonal variations into account:   

 The water availability,  

 The pumping levels  

 The water quality, including the presence of silt and organic debris. 

With a surface source, the water availability and water level can vary seasonally.  In particular, 

the amount and quality of the water may be low during the summer, when it is needed most.  

Additionally, when a surface water source is used, proper screening of the pump intake is 

necessary to ensure that debris and sediment from the surface water body are not pumped into 

the system.  If the water source contains anadromous salmonid species of fish, proper screening 

of the pump intake is required.  

Step 3 – System Layout  

The third step in the system development process is to determine the layout of the entire system, 

including the locations and elevations of the following components:  

• Water source   

• Pump  

• PV panels  

• Storage tanks  

• Points of use (i.e. water troughs)  
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• Pipeline routes  

It is also important to consider potential vandalism and theft when locating PV panels and pump 

systems.  Unfortunately, since most solar panel systems are located in remote areas on open 

landscapes, the risk of vandalism and/or theft can be significant.  If possible, panels, tanks, and 

controllers should be located away from roads and public access, as well as where features in the 

landscape (rolling hills, escarpments, wind blocks, etc.) can provide a maximum of shielding 

from public view.  The use of trees, bushes, or other types of vegetation for shielding is 

acceptable. However, care should be taken to situate the panels far enough to the south and west 

of tall trees and other types of vegetation to reduce the potential for their obstruction by shadows 

during peak solar insolation hours. 

Step 4 – Water Storage  

A water storage tank is normally an essential element in an economically viable solar powered 

water pump system.  A tank can be used to store enough water during peak energy production to 

meet water needs in the event of cloudy weather or maintenance issues with the power system.  

Ideally, the tank should be sized to store at least a three-day water supply.  Multiple tanks may 

be required if a very large volume of water is to be stored. The area where the tank is to be 

placed must be stripped of all organic material, debris, roots, and sharp objects, such as rocks.  

The ground should then be leveled.  Six inches of well-compacted ¾ -inch leveling rock 

underlain by a geotextile fabric should be provided as a base for the water tank.  If an elevated 

platform or stand is required to provide adequate gravity-induced pressure for the water delivery 

system to operate, the platform or stand will need to be evaluated by a qualified engineer. 

 An above-ground tank should be constructed out of structurally sound, UV-resistant material to 

maximize its lifespan.  If it will be used in areas where freezing temperatures are encountered, 

care should be taken to frost-proof the entire water delivery system.  Tanks and pipes should be 

drained prior to the first freeze, and pipes should be buried below the frost line for added 

protection.   

A buried tank is naturally shielded from UV light, and it provides protection from frost and 

vandalism.  When using a buried tank, however, adequate drainage must be provided around the 

tank.  In addition, its design must be analyzed for floatation to ensure that the tank will not 

become buoyant. 

 

RESULT ND DICUSSION OF RESULT 

The efficiency of the pump is proportional to the square of head and discharge at a given voltage 

(220V). The discharge decreases with the increase in head whereas discharge is almost constant 

when voltage is varied from 220V-240V for a given head. As discharge rate increases the power 
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factor slightly increases, while the efficiency of the overall system slightly increase as the 

discharge rate increase. There is considerable charge in efficiency when voltage changes from 

220V-240V at given head.  

Similarly, Fig 2 shows the temperature effect on (I-V) characteristics of mono-crystalline silicon 

solar cell. In constant irradiation the open circuit voltage VOC decreases with temperature. High 

temperature lowers the VOC and short circuit ICC current increases with temperature. This 

increase is much less than the voltage drops. The influence of temperature on the ICC can be 

neglected in most cases 

 

 

 

Fig 2: (I-V) characteristics of mono-crystalline silicon solar cell: Temperature effect 

Fig.3 shows the RSh effect on (I-V) characteristics of mono-crystalline silicon results in a 

minor reduction of the open circuit voltage, and an increase in the slope of the (I-V) of cell in the 

area corresponding to operation as a power supply. This is because it should subtract the 

photocurrent, besides the diode forward current, an additional current which varies linearly with 

the developed tension.  
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Fig.4 shows the RS influence on the (I -V) characteristic of mono-crystalline silicon solar cell. 

The series resistance is the slope of the characteristic in the area or the photodiode behaves like a 

voltage generator. It does not modify the open circuit voltage VOC and when it is high and 

decreases the value of the short-circuit current. 

Fig.3 (I-V) characteristics of mono-crystalline silicon solar cell: Shunt resistance effect. 
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CONCLUSION 

In this paper the effect of temperature, series resistance and shunt resistance on the current-   

voltage (I-V) characteristics was simulated in MATLAB / Simulink. From the results obtained, it 

can be concluded that the VOC decreases with temperature, RS does not modify the open circuit 

voltage and the RSh had a minor effect on the reduction of the VOC. Temperature impacts 

significantly on open circuit voltage but almost has no effect on short circuit current.The non-

linearity present in the centrifugal pump is modeled using poly-fit so that the efficiency of the 

pump can be accurately predicted. The simulated results closely agree with experimental data 

obtained from submersible pump available in the industry.  

 

 

 

 

 

Fig 4. (I-V) characteristics of mono-crystalline silicon solar cell: Series resistance 
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