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Abstract: The utilization of solar energy to generate the off-grid electric power is a prominent technology which is utilized
in photovoltaic based water pumping system for agriculture and community water supply in this stud. It helps to improve the
agricultural productivity which improves the living standard of a farmer and also reduces the CO, emissions by replacing
fossil fuels. This technology replaces 100% fossil fuel system and save CO, by 14977.57 kg/year. This paper presents fuel
replacement and reduction of carbon dioxide on an annual basis and economic analysis of photovoltaic based water pumping

system.
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1. Introduction

In developing countries, water pumping energy require-
ment is meeting out through conventional power. And the
conventional power is supplied for a limited period of the
day, In Rajasthan it is 6-8 hour per day. This duration is not
sufficient for agriculture and diesel water pumping system
would be used but its operation is costly because of high
diesel fuel cost. Many researchers worked on the sustainable
energy consumption, renewable energy sources, energy
efficiency in developing countries [1, 2-3, 4-5]. The water
pumping with solar energy is a promising option to conserve
the natural resources of energy. The clear sky day approx-
imates 300-325 days observed in Kota district of Rajasthan
state.

To grow the product where the grid energy doesn't reach
in the hands the PV system plays important role in devel-
oping countries like India. Another important reason of
using PV based pumping systems is: conventional electricity
not supplied in sufficient time (6-8 hour supplied to farmers
in Rajasthan India), the cost of conventional energy, gov-
ernment subsidy in solar pumping systems and it is difficult
to extend the electric grid to every location where it is
needed for every farmer.

Therefore the factors affect to lead down the use of diesel
engine [1]. The cost of conventional fuel increasing day by
day and the operating cost of a diesel engine will be in-
creasing. Due to the high fuel cost, operating the PV system
above 7.2 kW is feasible and having less operating cost than
a diesel engine. The decentralized system is feasible where
the population is living at a small bunch in the far distance
[6]. Many countries are adopting the decentralized grid
system to supply the electricity in rural areas [7].

Purohit [8] studied the financial evaluation of renewable
energy technologies for water pumping in India. A simple
framework developed and unit cost of water and unit cost of
useful renewable energy have been estimated. Odeh et al. [9]
studied on the economic viability of a photovoltaic water
pumping systems, it compared with the diesel engine
pumping system and found it is a viable option for off-grid
water pumping.

There is a very little study available on cost economics of
photovoltaic based water pumping system. Keeping this in
view an attempt has been made to evaluate the tech-
no-economics of photovoltaic (PV) based water pumping
system particularly for Indian state Rajasthan.

2. Methodology
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The more than 300 clear sky days observed throughout
the year in Kota district of Rajasthan state. To keep in mind
solar energy has been measured and it is found sufficient to
run the PV based submersible pump in winter also. The
economic assessment of PV based water pumping system is
adopted from Panwar et al. [5] and Kandpal & Garg [10].
The net present value and payback period has been eva-
luated for economic assessment.

The following assumption was made for economic anal-
ysis,

Interest rate (i) 10%

Repair and maintenance (AM) is 5% of the capital cost of
PV based water pumping system

Life span (n) 20 year

The net present value of the system can be calculated by,

1+i)"-1
NPV = —IC + (AS — AM) [ﬁ] (1)

Where, IC= Initial cost, AS = Annual saving and AM =
Annual maintenance

And the payback period (PP) can be calculated by

_Ic
AS—-AM

PP (2)

For the calculation of NPV and PP we have taken the ini-
tial cost of the three systems PV, Diesel and compressed
natural gas (CNG) as Rs. 85000.00, 70000.00 and
100000.00 respectively and selected diesel and CNG engine
of 5.884kW used for the equivalent discharge and calculated
running time is being 1447.43hr. The present diesel and
CNG price we have taken as 48.5Rs/litre and 38 Rs/kg re-
spectively.

The energy saved by the PV based water pumping system
is approximately 8516.67 kWh and we by considering 40%
transmission losses [11] whereas approximately 14194.45
kWh is the total power generated by the plant to accom-
modate these losses. Mittal et al. [12] described the Indian
coal conditions and the pollutant thrown by the coal based
power plants in western India in 2009-10 as: CO, =
098 kg/kWh , S0,=1374.66g/kWh , NO =
4.64 g/kWh.

The annual CO, emission from the different fuels has
been estimated with the help of a fuel analysis approach by
North Carolina division of air quality [13].

CO, emission = Y,iL; FC x HHVg, X CCCq X OFg X
MWco

Where, FC=Fuel consumption in ton/year

HHV;. = High heat value in MMBtu/ton

CCCf. = Carbon content coefficient in kg-C/MMBtu

OF;, = Oxidation factor (1.00 for coal)

MWy, = Molecular weight of C0,=44

MW, = Molecular weight of carbon = 12

C = Conversion factor from kg to ton (1/907.2)

The lignite coal is assumed as fuel in power plants in
Rajasthan state of India. Where all the values of high heat

value, carbon content coefficient and oxidation factor se-
lected from the table of above mentioned analysis. The
specific coal consumption per kWh is taken as 0.77kg/kWh
from Mittal et al. The discharge from the submersible pump
is takes equivalent to the experimental value for all fuels.

3. Result and Discussions

The PV based water pumping system seems a promising
option for energy conservation and it is helpful for reducing
the CO2 emission. The total coal consumption is 10.93 tons
during the year 2012 for production of 14194.45kWh elec-
tricity to accommodate the annual discharge of SVP based
water pumping system. The annual CO, emission is re-
duced by 14977.57 kg/year or 16.51tons/year. These other
pollutants are evaluated per kWh by Mittal et al. and total
annual pollutants can be saved by, SO, = 11707.53kg/
year and NO = 39.52 kg/year. It is noted that the huge
amount of carbon-di-oxide production can be reduced by
using the PV based water pumping system and it is benefi-
cial to reduce the global warming.

The NPV and PP values for different fuels are presented in
table 1. The PV and PP of the PV based submersible pump is
lies between the CNG and diesel system. CNG is not
available every point of energy demand and diesel price is
higher and it pollutes the environment. As per the environ-
ment, fuel price and fuel import concerned with the analysis
there is only PV based water pumping system is found
economical and most feasible solution.

Table 1. Economic indicators

Types of fuel system NPV PP

CNG 124787.79 3.787
PV 313860.63 1.814
Diesel 370155.60 1.354

Table 2. Fuel replacement

ool Calorific Cost of Amount Reduction
fuel value fuel of total in CO2
(MJ/kg) (*Rs/kg) fuel
saved emission
(Rs/year) (kg/year) *
Diesel 44.80 53.88 106094.23 5775.026
CNG 43.00 38.00 55416.92 3284.18
LPG 160.00 85.00 12395890  2428.14

*Indian Rupees (Rs) and One USD = 54. 47 Indian rupees as dated on
March 25, 2013[14]
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Figure 1. PV based water pumping system at Jasvinder farm house in Kota
(a) Photo shot (b) Schematic view
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Figure 2. Relation between PV and PP for different fuels

5. Conclusions

The technology is not only reduces the GHG emissions
but also help in fuel conservation. The PV based water
pumping system is off-grid technology means it can be
utilized where grid energy is not available. It is economi-
cally viable option only when government subsidy provided

above 60%, in this study costumer have pay for 85000Rs
against the 405000.00Rs (Four lakh five thousand Ru-
pees)[15] means costumer avail approximately 79% subsidy
and the payback period is less than two years. This tech-
nology is also increasing the sustainability index. It can save
money, time and environment of the world.
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