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Abstract: Photovoltaic cells are the heart of photovoltaic water pumping systems. The photovoltaic cells will
exhibit long-term degradation if the temperature exceeds a certain limit. In order to utilize PV power properly and
increase photovoltaic water pumping system efficiency, it is necessary to keep PV cell temperature and cell
reflection as low as possible. The purpose of this paper is to improve the performance of a photovoltaic water
pumping system. This is performed by spraying water over the photovoltaic cells. The temperature of the PV
cell is measured and if the temperature exceeds certain limit, water is sprayed over the cells automatically, for
which a solenoid valve and microcontroller unit is used. The results are compared with traditional systems.
Experimental results show that the cells power is increased due to spraying water over the photovoltaic cells.
This can significantly increase the system and subsystem efficiency and the pump flow rate. Measurements
of the short circuit current of the module, which is nearly temperature-independent, indicated that the water
spray improved the system optical performance.
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INTRODUCTION order to improve the cost effectiveness of PV array

Devices powered by alternative energy sources, such array should be efficiently utilized. Photovoltaic (PV)
as water pumps, are common in areas where grid power is water  pumping  is  one  the  most  typical PV
unavailable and either wind or solar energy is plentiful. applications in developing countries and  has  the
The use of photovoltaics for water pumping is appropriate potential to become a major criterion for social and
as there is often a natural relationship between the economic  development  [2].  Photovoltaic  cells  are  the
availabilty of solar energy and the water requirement. The main part of PVPS so that any changes  in  the  cell’s
water requirement increases during hot weather periods power will  affect  the  PVPS  performance.   Keeping
when the radiation levels are highest and the output of PVPS  at  high  efficiency  is  the most important
the solar array is at a maximum. Utilities are finding it more designer’s  goal.  Many  researchers have investigated
economical to use a photovoltaic-powered pump than to and proposed different methods for designing and
provide  and  maintain a distribution line to a remote optimizing  the  PVPS  to  improve the  system  efficiency
pump. The cost of photovoltaic installations is mostly and reduce the installation costs. Since efficiency and
dependent on the PV array area. The major disadvantages electrical yield decrease with increasing operating
of using PV are the high installation costs and its low temperatures and cell’s reflection loss, it is desired to
energy conversion efficiency. An increase in system maintain  the   cell’s   temperature   and   cell’s  reflection
efficiency would obviously reduce the size and cost of the as  low as  possible.  The  goal  of  this  work  is to
PV array required to pump a given daily volume of water investigate the effect of spraying water over the
[1]. photovoltaic cells on decreasing cell’s temperature and

It is well known that the efficiency of photovoltaic cell’s reflection [3]. 
solar cells decreases with an increase in temperature. This
decrease, is resulted first of all in dropping of open circuit Characteristics  of  a  Solar  Cell:  The  usable  voltage
cell voltage. The cost of photovoltaic installations is from solar  cells   depends   on   the   semiconductor
mostly dependent on the PV array area. Therefore, in material.  In  silicon  it  amounts  to   approximately   0.5 V.

powered systems, electric power generated by the PV
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Fig. 1: I-V Characteristics at different temperature

Fig. 2: Layout of PVPS with spraying Unit Temperature Measuring    and    Flow    Control   Unit:

Terminal voltage is only weakly dependent on light increase in radiation. Temperature sensor LM35 is fixed
radiation, while the current intensity increases with higher beyond the PV panel for temperature measurement. The
luminosity. A 100 cm² silicon cell, for example, reaches a output from the temperature sensor is in millivolts range
maximum current intensity of approximately 2 A when and hence it is amplified using LM 358 amplifier, before
radiated by 1000 W/m². The output (product of electricity feeding to the microcontroller. PIC 16f877 microcontroller
and voltage) of a solar cell is temperature dependent. is used for generating the PWM signals in accordance
Higher cell temperatures lead to lower output and hence with the variation in temperature of the PV panel. The
to lower efficiency (Fig. 1). The level of efficiency PWM signal is to drive the MOSFET which acts as a
indicates how much of the radiated quantity of light is switch between solenoid valve and the power supply [8].
converted into useable electrical energy [4].

System Configuration: The experimental facilities consist valve and the pipes with uniform holes for water flow. The
of 26 PV panels (36×26) and one positive displacement solenoid valve is normally closed and opens only when
surface water pump with a permanent magnet DC motor. the MOSFET switch closes. The water after flowing over
Fig. 3 shows the test setup. The PV panel is of PV cells are collected and fed into solar water heater.
monocrystalline type with 36 cells and fixed at 10° facing Previously water from panel is filtered to purify it.
south. The power produced from the array is transmitted
to the DC motor of the pump. Positive displacement pump, Cells   Temperature    Reduction:     The   photovoltaic
(1000 L/h flow rate maximum, 45 m head maximum) is being cell  efficiency  decreases  with  increasing  temperature.
used to pump water from the tank [5]. The  cells  will  also  exhibit  long-term  degradation  if  the

Fig. 3: Control system unit

The water spraying is atomized by control system
and spraying unit. The control system includes
temperature sensor and microcontroller circuit [6]. The
water spraying unit consists of the solenoid valve and
water flow pipe. The water required for spraying over the
cells is fed by the pump. It is then transmitted over the
cells (Fig. 3). Irradiance was measured by a BM 6 Kip and
Zonen pyranometer at the same incident plane of the
modules. Temperature sensor (LM35) is installed on the
back of the a module where the actual temperatures are
about 1.5°C below the temperatures on front of the
modules. Wind speed was measured 30cm above the
modules. Data were recorded every 10 min [7]. 

The temperature of the PV panel increases with the

Water Spraying Unit: Spraying unit includes the solenoid
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temperature exceeds a certain limit. A crystalline silicon
solar cell’s electrical power generation depends on its
operating temperature. While the short circuit current (Isc)
increases slightly with increasing temperature, the open
circuit voltage (Voc) decreases significantly (about-2.3
mV/°C) with increasing temperature. This results in a
reduction of electrical power output (and electrical yield)
of-0.4%/°C to-0.5%/°C for mono-and multi crystalline
silicon solar cells, respectively (which are used in most
power applications). Since efficiency and electrical yield
decrease with increased operating temperatures, it is
preferable to keep cells temperature as low as possible.
Due to the water spray and additional cooling by
evaporation, the cells operating temperatures were Fig. 4: Variation of Solar radiation
significantly reduced in comparison with a module
without having water spray which was measured
simultaneously [9].

(1)

(2)

(3)

(4)

where Ppv is the array power, Im is the maximum PV cell
current, Vm is the maximum PV cell voltage, pv is the PV
cell efficiency, G is the global solar radiation on the tilted
PV cell, A is the PV array area, sub is the operational
subsystem efficiency,  is the water density, g is the
gravitational acceleration, Q is the pump flow rate, h is the
total head and T is the total operational system
efficiency [10].

RESULTS AND DISCUSION

Loss of efficiency due to a raised temperature of PV
arrays is reduced by heat removal from the front surface
by water spray over the cells, which absorbs the heat
generated by the cells during the day. This study
examines the performance of a 936W photovoltaic water
pumping system with water spray over the photovoltaic
cells. It is found that spraying water over the photovoltaic
cells strongly improves the system and subsystem
efficiencies. Since when the modules are working closely
at the temperature of maximum power generation, the
motor pump can receive most of the cells power. It is
shown that, spraying water over the cells increases the
mean PV cell  efficiency,  subsystem  efficiency  and  total
efficiency 3.26%, 1.40% and 1.35%, respectively, at 16 m

Fig. 5: Comparison of voltage with and without spraying
water

Fig. 6: Comparison of current with and without spraying
water

head. Maximum PV cell efficiency at standard condition is
13.5%. The photovoltaic water pumping system with
water spray over the cells achieves 12.5% mean PV cell
efficiency during the test day. Measurements of the short
circuit current of the modules, which is nearly temperature
independent, indicated that the water spray improved the
optical performance by 1.8%. 
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Fig. 7: Comparison of cells temperature with and without
spraying water

Fig. 8: Comparison of power with and without spraying
water

Fig. 9: Comparison of efficiency of PV with and without
spraying water

CONCLUSION

Numerous ideas to reduce reflection have been
proposed, but most have drawbacks: antireflective
coatings are not durable and structured surfaces are
expensive,   accumulate  dust  and  are  difficult  to  clean.

Yet water, with a refractive index of 1.3, is a viable
intermediary  between  glass  (nglass=1.5) and air
(nair=1.0).  In  addition  to  help  keeping  the  surface
clean,  water  reduces  reflection  by  2-3.6%,  decreases
cell temperatures up to 35°C and the electrical yield can
return a surplus of 10.3%; a net gain of 8-9% can be
achieved even when accounting for power needed to run
the pump [11-15].
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