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Abstract: Electricity is an essential part of our way of daily life. In the present scenario, most of the electricity is provided from the
conventional thermal or hydro power stations. Irregular power supply and frequent grid failure are regular phenomenon in most Indian
cities especially during peak summer and winter seasons. The use of photovoltaic array for water pumping system is one of the most
promising techniques in solar energy applications. Deployment of PV based solar pumping system for domestic applications is an viable
alternative to replace conventional grid electricity .In this paper, theoretical design, performance and simulation analysis of PV based
water pumping system with the use of the computer software PVsyst is carried out. According to the analysis, the solar water pumping
system has a system efficiency of 21.9% which is in fair agreement with the previous literature .Therefore SWPS is strongly

recommended for both urban as well as rural water supply system.
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1. Introduction

There is a big issue that fossil fuels are getting depleted at
faster rate and another challenge is to face the climatic
changes the world is undergoing [1] .In city like Bhopal,
India, centralized water supply board provides water supply
during certain hours of the day and also supply pressure is
generally insufficient. Apart from the central water supply,
households have independent groundwater deep wells from
which water is to be lifted for consumption. In residential
areas ground water from bore well is being used, hence there
is need for pumping water to overhead tanks. In the current
situation water pumps in every household are driven by
electric motors and these electric motors uses conventional
electricity [2]. Also the Per capita energy consumption is
high in urban residential areas of Bhopal
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Figure 1: Schematic diagram of solar pumping system

Among all renewable sources of energy, solar photovoltaic
energy is accepted as the most reliable and cleanest source of
alternate energy. Solar water pumping system offers many
advantages such as no fuel cost; require low maintenance,
highly reliable, ease of operation and emissions. However,
PV module still has relatively low conversion efficiency 15
to 19% depending on the type of PV cell [1-3]. Solar module
constitutes 40 to 50% of the total cost of the solar PV
system. Solar water pumping system is considered as viable

and appropriate option especially in rural areas where grid
connection is practically impossible [4].

In this context, this paper proposes a design and simulation
of domestic solar pumping system for Bhopal, India

2. Methodology
2.1 Theoretical Analysis of Solar Water pumping

In order to study the energy conversion from solar radiation
to water flow, the following equations were used. The
incident solar radiation to the PV array gives the input power
(Pi) to the system:

P = GxA (W) @
Where G = solar radiation (W/m?) and A = effective module
cell area (m?).

The DC output power (Po) from the PV array is given by:
P, = VI (W) 2

Where V = DC. Operating voltage (V); | = DC operating
current (A). [5]

2.1.1 PV Sizing
The empirical formula based on energy balance equation has
been used to compute the optimal size of PV module for

critical limit of load as stated below [6]
3
PVcell rating = 3)

C)

Sun hour
PV rating

Standard PV module

The optimal number of PV module =

2.1.2 Battery Sizing

Battery stores the energy to a maximum value as per average load
power requirement. [7]

The battery capacity =

Total energy requirement

Max %usable Xcontroller efficiency Xbattery nominal voltage

(5)
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2.1.3 Pump Motor
The pump is driven by ac motor whose optimal value can be
computed by the following expression. [6]

Motor Power = Ph /n (6)
Where Ph = Hydraulic power of pump [W]
n = Efficiency of pump

The hydraulic power output of the pump (Py) is the power
required to lift a volume of water through a given head:

Ph = pxgx0OxH (W) (7)
Where p = water density (kg/m3); g = specific gravity (m/s%);
Q = water discharge (m®/s) and H = total pumping head (m).

2.1.4 System Efficiency
Array efficiency (E,) is the measure of how efficient the PV
array is in converting sunlight to electricity:

E. = Po/Pix100%. (8)
Subsystem efficiency (Es) is the efficiency of the entire
system components (inverter, motor and pump):

Es =Pn/Pox 100%. 9)
Overall/System efficiency (E,) indicates how efficiently the
overall system converts solar radiation into water delivery at
a given head:[5]
EO: Ph/Pi
or

E, = E, X E. (10)

2.2 Simulation using PVSYST SOFTWARE

PVsyst software is able to import meteo data from many
different sources as well as personnel data. The software
consists of three main design steps [8]. The preliminary
design option allows evaluating grid-connected, stand-alone
and pumping systems, and using monthly values to perform a
quick evaluation of system vyield. For each project the
location and the system to be used has to be specified. The
program includes predefined values of locations of different
parts of the world. The second one is project design option
allows to create full-featured study and analysis of grid-
connected, stand-alone, pumping, and dc-grid systems with
accurately system yields computed using detailed hourly
simulation data. Different simulation variants, horizon
shadings, detailed losses, and real components can be added
to make economic evaluations. Reports can be generated
after the completion of the project and information can be
exported to the clipboard. The last option includes
meteorological data, components, solar toolboxes, and the
analysis of actual data.

2.3 System parameters

Table 1 to 6 shows input parameters used in PVsyst
software.

Table 1: Geographical Details
Site Bhopal
Latitude 232N
Longitude 7T14E
Altitude 534 m

Table 1 depicts the geographical conditions of location is to
be considered. The above details are given as input to obtain
the solar irradiation for site.

Table 2: Well characteristics

Static level depth 50 m
Max. pumping depth | 56 m
Pump depth 58 m
Well diameter 18 cm

Table 2 depicts the well characteristics of site to be
considered. Static level depth of the well is taken as 50 m
and well diameter is 18 cm.

Table 3: Storage tank

Volume 20.0 m®
Diameter 3.5m
Height (full level) 21m
Feeding altitude 12.0m

Table 3 depicts the features of storage tank, which is used in
water pumping system for water storage.

Table 4: Hydraulic circuit

Piping length 70m

Pipes PE20(3/4”)
Number of elbow 1

Other friction losses 0.450
Water needs(yearly constant) | 5.00

Table 4 depicts the features of hydraulic circuit, the above
details shows number of elbow used and daily water
requirements.

Table 5: Pump characteristics

Model 4GS11
Manufacturer Lowara
Pump Technology Centrifugal multistage
Motor Async. AC motor, mono phased
Power 867

Table 5 depicts the pump characteristics. 4GS11 Model
pump Lowara make is used. The power of motor is 867 watt.

Table 6: PV Array characteristics

PV module Si-mono
Number of PV modules 18

Unit nominal power 100 Wp
Avrray global nominal power 1800 Wp
Max. operating power( 50° C) 1615 W,

Vupp 276 V

IV 58 A

Module area 14.9 m?

Table 6 depicts the details about the Specification of the PV
module. Number of modules required for 1800 watt solar PV
plant is 18. The area requirement for installing the plant is
14.9 m% It also represents the operating conditions of PV
system.
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3. Results and Discussion

3.1 Climate data of Bhopal

Table 7: Monthly Climate Data for Bhopal

I Honzontal | Honzontal | Extraterrestnal | Cleamess | Ambient Wind
global diffiuse KWhin' Index Tempenature | Vielocity
KWem' | kWhw' 'C ms

T | 1357 312 179 0653 | 178 20

Feb 1472 LI 96 0641 206 23

Mar |1915 576 |22 0655|265 26

Ax |53 | 604 AT |06 | 308 32

May | 2135 | 769|812 |o06&s |36 |43 |

|Teze | 1708 923 346 0s11 | 302 15

Ry 1288 910 429 ‘ 0376 270 41

Asg | 1267 | 837 3308 0383 | 5. |

Sep. | 1380 753 2948 0471 | 260 27

Oct 1704 135 2671 0638 256 16

Nov. | 1904 a7 02 067 | 222 15

Dec 1316 355 065 0637 187 15

Yexr | 10011 512 739 0,560 54 8

3.2 Design calculation for solar pumping system

Approximate water requirement for the domestic building is
taken as 5000 liters per day.

Total water demand =5000 liters/day

For storage of water, 20000 liter water tank is appropriate.
Taking peak sun hour as 6 hours/day, Duration of pumping =
4 hours

Flow Rate, Q = (5000x107%) ,( 4x60x60) =0.000347 m*/sec
Total dynamic head = elevation head + friction head loss +
pressure head

Total dynamic head = 68 + 68x20% (20% for losses) + 0 =
81.6

Total water head = 81.6 m

For 81.6 m total water head, the hydraulic power for this
flow rate is,

Hydraulic power = pgQH = 277.488 W

A pump converts the mechanical energy to hydraulic energy
with an average efficiency of 45 %.

DC Motor converts electrical energy to mechanical energy
with an average efficiency of 55%. [9]

Electrical power required= (hydraulic power) / (Moump*MNmotor)
=1121.16 W

Pump run for 4 hour

Energy Requirement = 1121.16 x4 W-hr /day = 4484.65 W-
hr /day

Photovoltaic panel sizing
PV-power tolerance: -10%/+10%
Heat loss: 10%

Dirt loss: 2-15%

Wiring loss: 2-10%
Inverter/charger loss: 2-15%
Batteries: 30%

Here considered average loss
PV power loss: 2%

Heat loss: 10%

Dirt loss: 5%

Wiring loss: 3%

Inverter loss: 7%

Battery loss: 30%

Total loss = 57%

Taking average total loss =50%

Energy requirement = 4484.65W-hr/day

After including 50% for losses,

Total requirement of energy =2x4484.65 = 8969.30 W
hr/day

Peak sun hour =6 hours/day

Recommended wattage for PV panel = (8969.30) / (6) =
1494.88 W

In solar pumping system, 12 V deep discharge battery is
commonly employed. Since the energy requirement is
4484.65 W-hr, the energy storage requirement for 2 days of
no sun, the required battery size is obtained as follow:

Battery sizing
Total energy requirement

Max%usable X controller efficiency X battery nominal voltage
= (2x4484.65)/ (.7x.98x12)
=1089.56 Ah
A 12V, 1100 Ah deep discharge battery is sufficient for
operation.

3.3 Performance Analysis of Solar Pumping system

Table 8: Simulated results of solar water pumping system
GlobEft |EATTMPP| E PmpOp |ETKFull| H Pump | WPumped W Used (W Miss
KWivn? | kwh KWh KWh | meterW m' m m

January | 1731 | 2887 | =088 | 1905 | 7457 | 1633 | 1550 | 0.000
February | 1733 | 2538 | 4227 | 1987 | 7591 | 1402 | 1200 | 0000
March 2028 | 2855 | 490 |2181 | 7460 | 1550 | 1550 | 0.000

April 1945 | 2683 5011 | 2019 | 7208 1500 | 1500 | 0.000
May 1873 | 2573 5498 | 1853 | 7061 1550 | 1550 | 0.000
June 1479 | 2103 5524 | 1350 | 8925 1500 | 1500 | 0.000
July 1154 | 1696 6146 | 804 | 67% 1550 | 1550 | 0.000
August 1164 | 14 5784 | 831 | 6973 1550 | 1550 | 0.000
September | 1367 | 1968 5530 | 1218 | 6969 1500 | 1500 | 0.000
October 1930 | 2741 5235 | 2064 | 7243 1548 | 1550 | 0000

November | 1756 | 2562 5047 | 1900 | 7252 1502 | 1500 | 0.000
December | 1766 | 2625 493 | 1956 | 747 1550 | 1550 | 0.000

Yex 19926 | 28655 | 62847 [20018| 7151 18335 | 18250 | 0.000

Table 8 depicts the balance and main results of PV based
water pumping system.

Yearly Global Effective irradiation is 1992.6kWh/m?. The
Yearly Array virtual energy at MPP is 2865.5 kWh. Total
Energy used by pump throughout the year is 628.47 kwWh.
Yearly Average total head at pump is 71.51 meter. Yearly
water used by the user is 1825.0 m°.
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NormaIiPed productions (per installed kWp): Nominal power 1800 Wp

T T T T T T T T T
Lu : Unused energy (tank full) 4.09 kWhikWp/day

Lc : Collection Loss (PV-array losses) 0.33 kWh/kWp/day

Ls : System losses (Converter, Threshold) 0.25 kWh/kWp/day

Yf: Effective Energy at Pump 0.96 kWh/kWpfday

sl i

Normalized Energy (KWh/kWe/day]
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Figure 2: Normalized energy

Performance Ratio (PR) is the ratio of final PV system
yield ('Y¢) and the Reference yield(Y, ) [10].
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Figure 3: Performance ratio

Fig. 3 represent the Performance Ratio of the Incident energy
for the entire month of the year graphically. The average
Performance Ratio is 0.170.
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Figure 4: System loss diagram.

Fig. 4 represents the overall system loss diagram for the
system. The horizontal global irradiation is 1901 kWh/m?.
The effective irradiation on the collector plane is 1993
kWh/m?% Then the PV cell converts solar energy into
electrical energy. After PV conversion, array nominal energy
is 3631 kwh. The efficiency of PV array is 12.26% at
Standard Test Condition (STC). Array virtual energy
obtained is 2865kWh. After the converter loss and Electrical
loss, the available energy at the output is 2630kWh. The used
operating electrical energy at pump is 628kWh. According to
the analysis, the solar water pumping system has a system
efficiency of 21.9% which is in fair agreement with the
previous literature [11-12].Therefore SWPS is strongly
recommended for both urban as well as rural water supply
system Ministry of New and renewable Energy, Govt of
India is providing subsidies for Installation of solar water
pumping systems in India. However the initial investment
cost is very high for the public to install such systems

4. Conclusion

A detailed analytical investigation of a typical SWPS is

carried out in order to realistically estimate the solar PV

sizing for the proposed installation. PVsyst software is used

to design and perform simulation of water pumping system.

e The solar water pumping system is used to provide
5m>water per day.

e The simulation results have shown the pump efficiency of
the water pumping system is 61.7% and System
efficiency of the water pumping system is 21.9%.
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The energy performance of the SWPS is satisfactory and
may significantly contribute to the urban and rural water
consumption needs.

SWPS are already widely adopted in several rural areas
where the vital need for water cannot be always
supported by a local electricity network and the
respective PV-application

Thus, it is quite reasonable that SWPS may be used for
covering both irrigation needs and potable water supply.

References

[1]

[2

3]

[4]

[5]

[6]

[7]

(8]
[

Parida B, Iniyan S,Goic R.A review of solar
photovoltaic technologies. Renew Sust Energ Rev
2011:1625-3615-32011:1625-36.

KaldellisJK, SpyropoulosGC, Kavadias KA,Koronaki
IP.Experimental validation of autonomous PV-based
water pumping system optimum sizing. Renew Energ
2009; 34:1106-13.

Mokeddem A, Midoun A, Kadri D,Hiadsi S,Raja I A.
Performance of a directly- coupled PV water pumping
system.Energ Conver Manage 2011;52:3089-95.

Vick, B.D. and Clark, R.N. (2009) Determining the
Optimum Solar Water Pumping System for Domestic
Use or lIrrigation.Proceedings of the 4th Renewable
Energy Policy and Marketing Conference, 4, 132-145.
Ali A. Hamza, Azmi Z. Taha “Performance of
subersible PV solar pumping systems under conditions
in the sudan”, Energy Research Institute, Sudan 0960-
1481(95) 00049.

S. N. Singh, Snehlata Mishra, Vandana Neha Tigga,
2010. Design and Development of Utility Interface
Adaptive Solar Power Converter for Water Pumping
System in Indian Villages. International General of
Research and Review in Applied Science 2(3).

Sui Tha Sung, Mi Sandar Mon, 2013. Design and
Performance Analysis Of Solar Water Pumping
System. International Conference on Environmental
Protection and Renewable Energy, Pattaya
http://www.pvsyst.com.

Mrityunjaya Kappali, Mrityunjaya Kappali, 2010. An
Approach to Reduce the Size and Cost of PVPanel in
Solar Water Pumping. 5th International Conference on
Industrial and Information Systems 978-1-4244-6653-
5

[10] C.P. Kandasamy P. Prabu K.Niruba, 2013. Solar

Potential Assessment Using PVSYST Software. IEEE
978-1-4673-6126-2/13.

[11] Meidanis Ev., Vokas G.A., Kaldellis J.K. Theoretical

Simulation and Experimental Analysis of a PVBased
Water Pumping System. Lab of Soft Energy
Applications & Environmental Protection, TEI of
Piraeus

[12] Paras Karki, Brijesh Adhikary, Kusung Sherpa, 2012.

Comparative Study of Grid Tied Photovotaic(PV)
System in Kathmandu and Berlin Using PVsyst. IEEE
ICSET 2012, Nepal

Author Profile

Naveen Kumar Lodha received his B.TECH degree

= =9 in Electronics and Communication from Modi

A - Institute of Technology, Kota, Rajasthan in 2011.
b Volume 4 Issue 4, April 2015
WWW.ijsr.net

Paper ID: SUB153591

Licensed Under Creative Commons Attribution CC BY

Currently he is pursuing M.TECH in Renewable Energy from
Maulana Azad National Institute of Technology, Bhopal, M.P.,
India. His research interest lies in the field of Solar Water Pumping
System and other Renewable energy systems.

Dr.K. Sudhakar obtained his B.E in Mechanical

Engineering from Government College of Engineering,

Salem, Madras University and M.Tech in Energy

7~ Management from School of Energy & Environment

i Studies, Devi Ahilya University, Indore. He obtained

his Ph.D from National Institute of Technology, Tiruchirapalli .He

has received MHRD GATE and DST Senior research fellowship for
his Doctoral Research.

2297



http://www.pvsyst.com/



