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Abstract‐Agriculture is most important part of the any developing country. Irrigation of land is essential for any agriculture 
production. In our country, un‐irrigated areas constitute more than 70 percent of cropped land.  To improve the economic 
situation of the country and our farmers, there is urgently need to provide the irrigation facilities to these cropped lands. 
Therefore we have  studied the affect of solar pump to enhance economic scenario in the arid and drought prone regions of 
the country by selecting the  best suitable crop. Topography, climate and soil conditions of the country have been studied. 
On the basis of requirement of the soil and crops to be grown, solar pump has been designed. Production of crops and its 
values has been obtained and profit of different crops has been predicted. Comparison of profit with irrigation with help of 
solar pump and rain fed condition has been obtained. It is predicted that, there is large impact of solar pump in the economic 
development of the region. Payback period for solar pump cost has also been obtained and it found out and concluded that it 
is different for different location.  
  
 
I.  INTRODUCTION  
 
Photovoltaic (PV) cell is used to run the solar pump. 
It is completely independent of any electrical grid 
system. Solar pump can be used at any place and any 
location in the country. Best thing of solar pump is 
that it work good when summer is at the peak and 
requirement of water is maximum. Irrigation of land 
is most important for the good agriculture product of 
the country. In our country almost more than 50% 
land is un‐irrigated. For the development of the 
economy of the nation unirrigated land must have 
some kind of irrigation facilities. Some kind of crops 
will certainly be produced if water is available. There 
are many types of crops available which can be 
produced in different types of land if water is 
available. Sun is available in almost all area of 
country and our solar pump will work almost all 
around the year. Many author have studied about the 
solar pump as mentioned. Jafar [1] studied the simple 
method for modelling the output of a solar 
photovoltaic water pumping system and concluded 
that the flow rate increases with irradiance, but not 
linearly. Ghoneim [2] studied the results of 
performance optimization of a photovoltaic powered 
water pumping system in the Kuwait climate. A 
computer simulation program is adopted to assess the 
performance of PV pumping systems in the Kuwait 
climate. Kala et. al. [3] studied technical, 
environmental, and economic benefits of the SPV 
water pumping system compared to stand alone 
generator and electric utility along with the design, 
installation, site selection, and performance 
monitoring of the solar system for small‐scale remote 
water pumping system. The key benefits of using 
solar PV in remote pumping applications are the 
durability and low maintenance nature of panel.  
Hamidat[4] studied the performances of the 
photovoltaic pumping destined to supply drinking  

 
water in remote and scattered small villages. The 
methodology adopted proposes various procedures 
based on the water consumption profiles, total head, 
tank capacity and photovoltaic array peak power. A 
method of the load losses probability (LLP) has been 
used to optimize sizing of the photovoltaic pumping 
systems with a similarity between the storage energy 
in batteries and water in tanks. The results were 
carried out using measured meteorological data for 
four localities in Algeria. Ramos[5] studied the cost 
of  solar pump for isolated small village composed of 
10 families with a daily consumption of 100 litre 
each, a well with a depth of 100 m, a reservoir 10 m 
above ground level, an autonomy of 6 days and a 
permitted loss of load of 2%. Leah et.al. [6] studied 
the technical feasibility of PVP irrigation system as 
compared to that of diesel‐powered and electrical 
grid‐powered irrigation systems. The results for 
technical feasibility agree with those from past 
studies, showing that PVP irrigation is technically 
feasible in areas with high solar insolation. Dupraz et. 
al. [7] suggests that a combination of solar panels and 
food crops on the same land unit may maximise the 
land use. they used Land equivalent Ratios to 
compare conventional options and two agrivoltaic 
systems with different densities of PV panels. They 
modelled the light transmission at the crop level by 
an array of solar panels and used a crop model to 
predict the productivity of the partially shaded crops. 
Kaldellis [8] studied the performance of a typical 
PVPS through an experiment. For this purpose, both 
the efficiency of the system and the ability to transfer 
water are determined. Detailed measurements 
provided by a series of experiments are used, while 
for increased reliability of he results presented, an 
error analysis is accordingly carried out. Pietro et. al. 
[9] developed a dynamic modelling tool for the 
design of a of photovoltaic water pumping system by 
combining the models of the  water demand, the solar 
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PV power and the pumping system.  Benghanem 
et.al. [10] studied the effect of pumping head on 
PVWPS using the optimum PV array configuration, 
adequate to supply a DC Helical pump with an 
optimum energy amount, under the outdoor 
conditions of Madinah site.  Effect of solar pump on 
the agriculture productivity has not been covered 
properly therefore  in this paper effect of solar pump 
at the different geographical location and different 
fertility of land  has been evaluated.  
  

 
Figure 1 solar pump system 

  
II. SOLAR PUMP  
 
Water pumping is an energy intensive activity and 
consumes a large amount diesel and electricity. Solar 
energy, which is abundantly available in India, can be 
used for pumping water via Solar‐PV technology. 
Solar energy has made it possible that crop can be 
harvested on the most barren, desert and arid land and 
without producing any harmful emissions. SPWPSs 
consist of solar photovoltaic panels, a motor and a 
pump as shown in Fig. 1. Depending on the system 
design, it requires storage batteries and a charge 
regulator. The motor is chosen according to the 
power requirement and the type of current output of 
the system.  
Solar pump design: water pump is designed on the 
basis of requirement of the agriculture product. Power 
of the pump is obtained with the eq. 1  
 

 
Q= Discharge, h = depth of the ground water,  
Q= Discharge of water,  = density of water   
 
III. DESIGN OF BATTERY  
 
Capacity of the battery is evaluated according the 
design of solar pump if required as given in Eq. 2. 
With certain assumption of battery efficiency, Days 
of autonomy and depth of discharge.  
 

 

 
Array sizing:  Size of the solar panel is predicted by 
considering daily average peak insolation, charge 
controller efficiency, system derate factor and battery 
efficiency as given in Eq. 3.  

  
 
IV. RESULTS AND DISCUSSIONS  
 
Solar water pump is designed for the given input 
value in Table 1. Effect of different crops at different 
location of the country on the economic condition of 
the farmers is evaluated. Profit by using the solar 
water pump in comparison to without solar pump is 
predicted and shown in Figures 2‐3. It is assumed that 
15% less production will take place for rain fade crop 
in comparison to proper irrigation. Profit is predicted 
for one of the poorest state of country Orissa where 
some region is very dry and other area is having lots 
of rain. Average annual rainfall in Orissa is 1489 mm. 
There are three possible crop cycle as crop cycle 1 
consist of Rice, Potato, Groundnut; crop cycle 2 
consist of Rice, Black Gram, Groundnut and Crop 
Cycle 3 comprises  Rice, Potato (vegetables), Mung. 
One crop cycle is possible in one region and another 
region another crop cycle is possible. Therefore profit 
of possible combination has been predicted on the 
basis of requirement mentioned in Table 1. Figure 2 
shows the pay back period for different crop cycle. 
Pay back period for crop cycle 3 is more than five 
year and minimum paybackperiod for crop cycle 2. 
Figure 3 depicts the comparison of  profit with solar 
irrigation and without solar irrigation. Profit is certain 
for  all the crop cycles with solar irrigation. 
Maximum profit is in crop cycle2 (162%), and 
minimum for crop cycle 3 (34%).   

Table 1 Water requirements for different crops 
and its production 
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Fig. 2 Pay period vs crop cycles 
  

 
Fig. 3 comparison of profit with and without solar pump 

 

Fig. 4 pay back period vs crop cycles 
 

 
Fig. 5 comparison of profit with SP and without SP 

 
Fig. 6 Profit for crops with solar irrigation 

 

 
Fig. 7  pay back period vs crop cycles 

 
 Figure 6 display the affect of solar pump irrigation 
on the profit of production of the crops in Rajasthan 
where rain is very less. Average annual rainfall is 675 
mm in eastern Rajsthan and average annual  rainfall 
is 313 mm in West Rajasthan[ 11]. Water table for 
Rajasthan is 111.19 [11]. Soil available is brown 
sandy and it supports very few crops as given in 
Table 3. On basis of these available data power 
requirement for solar pump has be obtained and is 
equal to 5 HP.  Figure 6 show the profit with 
irrigation for different types of crop cycles.  Figure 7 
indicates that second crop cycle is less profitable than 
first crop  cycle. Figure 8 also shows the profit with 
irrigation and without irrigation. Profit with irrigation 
in increased by 931%  for crop cycle 1 and 419% in 
crop cycles 2. It is pertinent to mention here that rain 
fed production is not guaranteed and with this 
uncertainty farmer may trap in loan and that leads to 
suicide of the farmers. With solar pump irrigation 
crop production is certain and there will always be 
profit and economic condition of the farmers will 
certainly improve.  
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Table 3 Water requirements for different crops 
and its production in Rajasthan 

  
 
Figs. 10‐13 shows the profit obtained by using solar 
pump for the Maharashtra. In Maharashtra rain varies 
from one region to another region. Maximum rain 
comes in Konkan zone (3005) and minimum is in 
marathwada (882 mm). Profit is predicted for worst 
affected area of Maharashtra where water table is 
54.41[11] and requirement of solar pump is obtained 
as 4 HP for one hectare of land. Crop cycle 1 consist 
of cotton, tobacco and potato. Sugar cane is assumed 
as Crop cycle 2 because it take nine month to grow. 
Table 4 displays the water requirement, yield, cost of 
production for different crops along with water 
requirement. Figure 10 depicts the profit for different 
crops with solar irrigation. Figure 11 indicates the 
pay back period for crop cycle 1 and crop cycle 2. 
Crop cycle 2 takes only 2 years whereas 4.2 year is 
taken for crop cycle 1. Profit is increased by 93% for 
crop cycle 1. This profit is more because the 
irrigation is certain and regular for the crops in any 
types of conditions.  
 

 
Fig. 8 comparison of profit with SP and without SP 

 

 
Fig. 9 Increase in profit vs Crop cycles 

 
Fig. 10 Variation of profit Vs crops 

 

 
Fig. 11 Variation of payback period Vs crop cycle 

 
Table.3 Different crops requirement and it 

production in Maharashtra 

 
 

Fig. 12 variation of profit Vs crop cycle 
 

 
Fig.13 comparison of profit with and without solar pump 
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 CONCLUSION  
  
Study for determining the economic advantage of 
PVP irrigation systems for different geographic 
location and crop type, is carried out. Technical 
feasibility is determined from the maximum power 
required for irrigation, which is dependent on crop 
type and geographic location. Economic feasibility is 
predicted by comparing lifecycle costs of PVP 
irrigation systems and without PVP. Solar pump is 
designed for different location and crops. Production 
and profit increased by 200% in few cases by using 
the solar pump. Profit is maximum in one region for 
one type of crops. Economic condition of the farmer 
is improved and they will be out of dept cycles. It will 
make farmer independent and there will not be any 
subsidies required to farmers. In addition to crop 
production there will be benefit in Carbon taxes and 
financial incentives for installing alternative energy 
systems.  
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