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I. INTRODUCTION 
 
In recent times, research on renewable energy resources 

such as solar energy for electricity generation and related 
technologies has been on the increase. Also, the use of 
photovoltaics as power source for pumping water is one of the 
most promising areas in photovoltaic applications. Solar 
energy is cheap, and naturally remains a clean source of 
energy. It does not risk human lives and it is devoid of 
environmental and economic disaster like pipe explosions, oil 
spillage, nuclear accidents etc. Its utilization promotes good 
health through reduction in coal and fossil fuel emissions 
(Chandel et al., 2015; Eihab et al., 2022).  Additionally, the 

advantages of PVWP system include low maintenance, ease of 
installation, reliability and the matching between the power 
generated and the water usage needs (Ghoneim, 2006). 

Nigeria is one of the countries in Africa that portable water 
and electricity supplies is inadequate. It is estimated that about 
94% of businesses in Nigeria owned diesel generators while 
less than 60 % of the people do not have access to quality 
water supply (Babalola et al., 2022). The number of 
photovoltaic energy driven water pumps are quite low in 
Nigeria. This is predicated on high initial cost of investment 
and lack of adequate technology. However, the latter has 
become a global concern as workable solutions are on the 
pipeline by developed economies to meet these challenges 
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(Hrayshat and Al-Soud, 2004). At present, access to clean 
water in the rural communities has not been achieved by 
recent government due to lack of adequate supply of electrical 
energy. As a result, a reasonable size of the rural population 
still embarks on long trek just to fetch water at distant streams 
and springs. Others will have to wait for the rains so as to 
accumulate water for use. In addition to difficulties attached to 
this method of obtaining water, these water sources are most 
times polluted by the local activities. These problems can be 
completely averted by utilization of stand-alone solar 
photovoltaic water pumping systems with little maintenance 
over long time periods. In the light of the benefits of 
photovoltaic applications, detailed evaluation is necessary to 
predicting the PVWP system performance by consideration of 
the parameters governing its behaviour. 

Past studies have been conducted on the feasibility of solar 
water pumping systems (Narvarte et al. 2006; Barlow et al. 
1993; Montavon et al. 2004; Yue and Huang, 2011; Daud and 
Mahmoud, 2005; Elgendy, 2012; Yu et al. 2011), its 
performance and optimization (Ghosh et al. 2015; Betka and 
Moussi, 2004; Munzer et al. 2013; Mokeddem et al. 2011) and 
cost effectiveness (Whitfield, 1995; Campana et al. 2015).  
Consequently, this work it is intended to evaluate the 
feasibility of a dynamic water pumping system based on the 
local climatic conditions of Umudike, by correlating the 
discharge and the varying locations total dynamic head with 
selected water pumps. Additionally, for the utilization of 
photovoltaic water pumping system, the reduction of carbon 
dioxide emissions into the atmosphere is also considered. 

 
 

II. OBJECTIVES 
 

ü To evaluate the feasibility of a dynamic water pumping 
system based on the local climatic conditions of Umudike, 
by correlating the discharge and the varying locations total 
dynamic head with selected water pumps. 

ü To reduce the carbon dioxide emissions into the 
atmosphere through the utilization of photovoltaic water 
pumping system. 
 
 

III. METHODOLOGY 
 
The performance of the PVWP system is a function of the 

location’s solar irradiance and the corresponding quantity of 
energy obtained from it. The location’s solar radiation data is 
evaluated with the methods developed below to obtain 
monthly averages of both solar energy density and the least 
power which will suffice to power an array of available pumps 
within the considered TDH. 

 
A. SOLAR ENERGY DENSITY 

 
Considering PV array losses,  and other power 

conditioning losses,  and the solar conversion efficiency, , 
the monthly solar energy is written as: 

   1 

The solar conversion efficiency,  with respect to real 
operating PV panels and their operating parameters is 
estimated with the relationship below (Evans, 1981): 

    2 
Where  is the PV module average temperature,  is the 

temperature coefficient for module temperature ( ),  is 
the reference temperature, and  is the PV module efficiency 
at reference temperature. 

The average module temperature is a function of the 
location’s clearness index,  and the nominal operating cell 
temperature,  and is presented below: 

   3 
Where  is the ambient temperature 
From equations 1, 2, and 3, the location’s solar energy is 

obtained as: 

  4 
 

B. VOLUME OF FUEL SAVED BY UTILIZATION OF 
PHOTOVOLTAIC WATER PUMPING 
 
If a diesel generator was used for water pumping, the 

energy output can be estimated as, 
     5 

Where  is the volume of diesel in liters,  is the 
calorific value of diesel in (kWh/lit), and  is the diesel 
generator conversion efficiency. Due to replacement of solar 
energy for water pumping, the two energy sources are 
assumed equal. So that, 

      6 
From equations 4, 5, and 6, the volume of diesel saved is 

expressed as: 

   7 

Where  is taken between 29% and 35%, while diesel 
calorific value,  is taken as 10.08KWh/lit (Ghosh et al. 
2003). 

 
C. QUANTITY OF CO2 SAVED DUE TO 

PHOTOVOLTAIC WATER PUMPING 
 
The quantity of CO2 emitted at the atmosphere is avoided 

when photovoltaic water pumping is employed. In this 
arrangement, the equivalent mass of CO2 avoided will be 
obtained from the volume of diesel saved as expressed in 
equation 7. Accordingly, with CO2 which results from the 
burning of diesel,  the equivalent mass of CO2 is expressed 
as, 

       8 
Where   is as obtained from equation 7, and  is the 

CO2 weight equivalent for diesel fuel (kg/liter). 
 

D. MODELING OF PHOTOVOLTAIC WATER PUMPING 
 
With an avalanche of experimental data comprising solar 

energy at different power output and corresponding discharge, 
all obtained at varying dynamic head, a logarithmic model is 
proposed to relate these variables to create a platform for easy 
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utilization of water pumping with other electrical power 
sources. This arrangement is expressed in the relationship 
below: 

    9 
 

    10 
Where  is the discharge which is a function of the 

power input and the height, P is the power input, while ,  
 and  represents the coefficients to be determined. 

The proposed model is purely empirical, and the results 
obtained from the preliminary observation follows both 
logarithmic and polynomial form. 

 
 

IV. RESULTS AND DISCUSSION 
 
The results are presented in three parts: first is the results 

which featured the arrangement for retrieving the sun’s radiant 
energy for the location, which includes the quantity of the 
location’s solar power strength for pump selection and the 
average monthly energy yield; second is the results obtained 
from the water pumping data at different TDH with 
corresponding logarithmic models fitted to establish 
relationships which correlates power input, water discharge 
rate, and the varying altitude; and lastly is the evaluation of 
the carbon dioxide emissions which apparently is avoided by 
consideration of an equivalent quantity of diesel utilization for 
the system. The photovoltaic module area altogether amounts 
to 68 m2 from the PV modules. 

 
A. LOCATION’S MONTHLY SOLAR ENERGY AND 

POWER 
 
The location’s capacity to support photovoltaic water 

pumping is shown on Fig. 1 where monthly energy and power 
output are presented. The power output, after consideration of 
losses ranged between 6.438 kW and 9.441 kW. This 
assessment is necessary so as to note the choice of pump 
selection based on their rated power and their performance 
regarding capacity factor considerations. The months of 
January, February, March and December have greater solar 
energy potential due to higher solar intensity for these months. 
For instance, 42.96 kWh/day of energy was obtained for the 
month of January. The results obtained in Fig. 1 shows that the 
location can support water pumps of up to 1 kW rated power 
at higher capacity factor when the PV exposed surface area is 
up to 60 m2. 

Figure 1: Monthly solar radiation energy and power 
 
 

B. DISCHARGE AT VARYING ALTITUDE 
 

The resulting data from the pumping routine and the fitted 
logarithmic curves are shown in the plots of Figs. 2, 3 and 4 
for a number of altitude where varying power input resulted in 
different curve patterns. Results from TDH of 10m, 15m, and 
20m as shown in Fig. 2 presents the relationship between the 
discharge, power, and altitude. At conditions of stability 
during the pumping exercise at 500 W, the maximum 
discharge recorded was 3.794 m3/h, 3.053 m3/h, and 2.492 at 
10m, 15m, and 20m altitude respectively. The result shows 
that at constant power input to the water pump, there is a 
continuous reduction in discharge with increasing altitude. For 
instance, a 5m increase in altitude from 10m through 50m at 
500 W, resulted to 19.53 %, 34.32 %, 49.16 %, 64.76 %, 
72.01 %, 81.44 %, 88.25 %, and 96.36 % reduction in the 
discharge rates all referenced at 3.794 m3/h (10 m altitude).  
Furthermore, the relationship between the discharge and 
pumping altitude, as expressed by the logarithmic models 
points to an empirical relationship between discharge and 
power input at varying heights.  

 
Figure 2: Experimental result and fitted result between power 

and discharge at 5m, 10m, 15m and 20m. 

 
Figure 3: Experimental result and fitted result between power 

and discharge at 25m, 30m, 35m and 40m. 
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Figure 4: Experimental result and fitted result between power 

and discharge at 45m, 50m, 55m and 60m. 
The trend of the relationship between the operating 

variables suggests different empirical relationships in terms of 
the modelling equations. This variation is seen in Table 1 
where the empirical relationship fluctuates between second 
order polynomial and logarithmic equations. For experimental 
values at 40m, the relationship is a second order polynomial 
which fits properly in the values while a logarithmic 
relationship is evident at altitudes of 10m, 15m, 20m, 25m, 
30m, 35m, 45m and 50m but with different experimental 
coefficients. The values of the root mean square errors are 
similarly presented. These values are as low as 1.6229 per cent 
at 25 m altitude suggesting very minimal variation in the 
model and experimental values obtained via both logarithmic 
and polynomial expressions. 
Height (m) Empirical Model RMSE % 

10  9.6353 

15  8.5166 

20  3.7848 

25  1.6229 

30  5.3964 

35  2.7537 

40  5.7165 

45  9.7930 

50  4.0406 

55  1.9677 

60  6.1017 

Table 1: RMSE and developed empirical models 
 

C. QUANTITY OF CO2 MITIGATED DUE TO SOLAR 
WATER PUMPING 
 
In Fig. 5, the monthly values of tons of carbon dioxide 

emissions avoided by virtue of photovoltaic water pumping is 
evaluated. The quantity of carbon dioxide emissions has been 
linked with global warming and continues to serve as a major 
component of ozone depletion. In fact, between 2010 and 

2011, carbon dioxide emissions increased by 3% in 2011, 
reaching an all-time high of 34 billion tonnes in 2011 (NEAA, 
2012). These concerns can be addressed by the harnessing of 
renewable energy sources with photovoltaic water pumping 
being part of this broad alternative. This conclusion is drawn 
from the results of monthly emissions where the possibility of 
saving 337.58 tons per annum for a stand-alone is practical.    

Figure 5: Average monthly mass of Carbon dioxide saved due 
to solar water pumping. 

 
 

V. CONCLUSION 
  
ü In an attempt to adopt greener energy for sustainable 

development, the potential of photovoltaic water pumping, 
especially in rural communities, is an important objective. 
This is especially pertinent as global concern on energy 
efficiency and greenhouse gasses due to carbon dioxide 
emissions from the burning of fossil fuel have hit the front 
burner. These factors can be addressed with the adoption 
of PWPS technologies, where the water needs of the 
communities can be addressed while simultaneously 
fostering an ecofriendly environment. 

  
 

REFERENCES 
 
[1] Babalola Samuel O., Daramola Michael O. and Iwarere 

Samuel A. (2022). Socio-economic impacts of energy 
access through off-grid systems in rural communities: a 
case study of southwest Nigeria Phil. Trans. R. Soc. 
A.3802021014020210140 

[2] Barlow, R., McNelis, B., Derrick, A., 1993. Solar 
Pumping, An Introduction and Update on the 
Technology, Performance, Costs, and Economics. 
Intermediate Technology Publications and the World 
Bank, Washington, DC. 

[3] Betka A, Moussi A. Performance optimization of a 
photovoltaic induction motor pumping system. Renew 
Energy 2004; 29(September (14)):2167–81. 

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

[5] Chandel, S. S., Nagaraju Naik, M., & Chandel, R. 
(2015). Review of solar photovoltaic water pumping 
system technology for irrigation and community drinking 
water supplies. Renewable and Sustainable Energy 
Reviews, 49, 1084–1099. 



 
 
 

Page 44 www.ijiras.com | Email: contact@ijiras.com 
 

International Journal of Innovative Research and Advanced Studies (IJIRAS) 
Volume 12 Issue 6, June 2025 

 
ISSN: 2394-4404 

[6] Daud AK, Mahmoud MM. Solar powered induction 
motor-driven water pump operating on a desert well, 
simulation and field tests. Renew Energy 2005; 
30(5):701–14. 

[7] Eihab E.E. Ahmed, Alpaslan Demirci, Multi-stage and 
multi-objective optimization for optimal sizing of stand-
alone photovoltaic water pumping systems, Energy, 
Volume 252, 2022, 124048, ISSN 0360-5442. 

[8] Elgendy M A, Assessment of perturb and observe MPPT 
algorithm implementation techniques for PV pumping 
applications. IEEE Trans Sustain Energy 2012; 
3(January (1)):21–33. 

[9] Evans D L Simplified Method for Predicting 
Photovoltaic Array Output, Solar Energy, vol. 27, no. 6, 
pp. 555-560, 1981. 

[10] Ghoneim AA. Design optimization of photovoltaic 
powered water pumping systems. Energy Conversion 
and Management 2006; 47:1449–63. 

[11] Ghosh A, Malla S G, Bhende C N. Small-signal 
modelling and control of photovoltaic based water 
pumping system, ISA Transactions57(2015)382–389. 

[12] Ghosh PC, Emonts B, Stolten D. Comparison of 
hydrogen storage with diesel generator system in a PV–
WEC hybrid system. Solar Energy 2003; 75(3):187–98. 

[13] Hrayshat ES, Al-Soud MS. Potential of solar energy 
development for water pumping in Jordan. Renewable 
Energy 2004; 29:1393–9. 

[14] Mokeddem A, Midoun A, Kadri D, Hiadsi SS, Raja IA. 
Performance of a directly coupled PV water pumping 
system. Energy Convers Manage 2011; 52:3089–95. 

[15] Montavon, M., Scartezzini, J.L., Compagnon, R., 2004. 
Solar energy utilisation potential of three different Swiss 
urban sites. Energie und Umweltforschung im Bauwesen, 
Zurich, pp. 503–510. 

[16] Munzer S Y, Hasan Q, Mahmoud H. A unified approach 
for designing a photovoltaic solar system for the 
underground water pumping well-34 at Disi aquifer. 
Energy Conversion and Management 75 (2013) 780–
795. 

[17] Narvarte, L., Lorenzo, E., Caaman O, E., 2000. PV 
pumping analytical design and characteristics of 
boreholes. Solar Energy 68 (1), 49–56. 

[18] Whitfield G R, Increasing the cost effectiveness of small 
solar photovoltaic pumping systems. Renew Energy 
1995; 6(September (5–6)):483–6. 

[19] Yu Y, Liu J, Wang H, Liu M. Assess the potential of 
water irrigation systems for sustaining pasture lands in 
arid regions-a case study in North-western China. Appl 
Energy 2011; 88:3176–82. 

[20] Yue, C.D., Huang, G.R., 2011. An evaluation of 
domestic solar energy potential in Taiwan incorporating 
land use analysis. Energy Policy 39 (12), 7988–8002. 

 

 
 
 


