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from the distribution system, thus using photovoltaic for
water pumping is an attractive solution with the declining
price of the PV system.

Abstract.

The agriculture areas in Oman is scattered, thus
providing electric power from the grid will be costly. Oman is
blessed with high level of solar radiations with a yearly average
of 5 kWh/m2/day in most locations. Thus, using photovoltaic as
an alternative power source for water pumping is considered one
of the promising solutions since the cost of the photovoltaic (PV)
module drops dramatically in recent years. The proposed system
consists of PV, inverter, AC motor, centrifugal pump and storage
tank. This paper presents system design and compares the costeffectiveness and the Present Value Cost (PVC) for the economic
evaluation of power supply for pumping systems in remote areas
using two different energy supply systems, namely, photovoltaic
systems and grid network. A case study in northern part of Oman
is selected to analyze the two pumping systems, which are
designed to supply water for irrigation and drinking.

In reference [6], a PV water pumping system for Sohar
city, Oman, has been designed and assessed. The results
have shown that the cost of PV system energy is 0.309
USD/kWh in comparison with the cost of diesel engine
energy which is 0.79 USD/kWh. References [7-8] show
that solar water pumping systems are suitable for
drinking water and minor irrigation applications in areas
where cheaper sources of energy are not readily
available. Reference [9] shows that the PV water
pumping systems can be more cost effective than diesel
engines to energize pumping systems in Jordan Badia. A
model to characterize the motor-pumps subsystems used
in PV pumping installations is discussed in [10]. The
model expresses the water flow output (Q) directly as a
function of the electrical power input (P) to the motorpump, for different total heads.
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1. Introduction

This paper presents and discusses the PV system sizing to
be mainly used for farm irrigation. An existing farm
located in the northern part of Oman is considered as a
case study. The farm uses a motor water-pump fed from
local electrical distribution system. The size of the farm
is 4.5 acres and is irrigated by several methods based on
the type of crops (drip, flood and sprinkler). The farm has
livestock and provides water supply to three houses.
The depth of the well is 17 m and the flow rate is around
1000 liter/minute. Economic analysis will be performed
for a PV pumping system as an alternative to the
electrical network.

High level of solar energy density is available in almost all
areas of Oman. It is positioned between Latitudes 16˚ 40´
and 26˚ 20´ North and Longitudes 51˚ 50´ and 59˚ 40´
East. The high ratio of sky clearness, at about 342 days per
year, and the geographical location of Oman result in a
huge potential for solar electricity generation. Although
the potential of renewable energy in Oman, particularly
solar energy, is very promising, however solar energy
applications are limited to street lighting, traffic lights,
telephone in remote areas, cathodic protection of pipelines
and providing part of energy to some buildings. The
desert and northern parts of Oman areas have the highest
solar energy density while the coastal areas in the southern
part have the lowest solar energy density and relatively
high wind speed [1-5].

2. Photovoltaic
Components
A.

Diesel pumps have traditionally been used in Oman to
pump water for irrigation, livestock and drinking. Today
most of these are replaced by electrical pumps, which are
connected to the grid network. The contribution of the
consumer to the extension of the electric distribution to
his/her farm is minimum, but he/she has to pay for the
electrical cable from the distribution system up to the farm.
Furthermore, there are some farms which are far away
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System

sizing

and

Pumping System sizing

1) The Pump
Water pumps may be classified into three types according
to their applications: surface, submersible, and floating
water pumps. The surface water pump is placed outside
the well. This type is efficient if used to draw water from
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to the motor, however the brushes of the motor needs to
be changed regularly. Using AC motor will require the
use of an inverter between the PV and the motor.
Normally, the motor and pump are built-in together for
submersible and floating systems. In the surface system, it
is possible to select the pump and motor separately and
evaluate their performance [12].

shallow wells. A submersible pump is submersed in the
water and draws water from deep wells. A floating water
pump is placed on the water surface and draws water from
reservoirs with adjusting height ability. The pumps are
categorized according to their pumping principle:
-centrifugal pumps, where liquid is sucked by the impeller
and the centrifugal force directs the liquid to the outlet as
the impeller rotates. The liquid leaves with a higher
pressure and velocity than it had when it entered the pump.

The size of the water pump and the hydraulic system is
calculated based on the following equation [13]:
=

-screw pumps, where a screw movement traps the water in
the suction side of the pump casing and forces it to the
outlet.

∆

(1)



where,

-Piston Pump, where water pumping depends on piston
movement and two valves. While the piston moves, it
draws water into a chamber using an inlet valve and expels
it to the outlet using the outlet valve.

P= Pumping power (W)
= Water density (kg/m3)
= Acceleration due to gravity (9.81 m/s2)

The selection of an appropriate pump in a solar water
pumping system depends on water requirement and water
height. The sizing of a PV water-pumping system depends
on expected hydraulic load. The typical head consists of a
static and a dynamic components.

 = Total pumping head (m)
∆

= Hydraulic losses (m)
= Water flow rate (m3/s)

The static head represents the vertical distance from the
water surface level to the point of discharge as shown in
Figure 1 (A + B). During the pumping process, the water
level drops (drawdown), this is represented by height C in
Figure 1. Furthermore, there is another component that
represents the frictional losses owing to pumping water
through the pipe. Reduction of these losses is possible by
oversizing the pipe, eliminating bends and reducing the
flow rate. Thus, the total dynamic head is the sum of the
static head, the drawdown distance and the distance that
represents the friction losses in the pipe (total dynamic head
= A + B + C + friction losses) [11].

= Efficiency of the pump
=

Efficiency of the motor

The hydraulic energy required per day (kWh) is calculated
based on the following equation [14]:
 =  =

 

(2)

where  is the volume of water required in m3/day,  is
the subsystem (motor, pump and any inverter) efficiency,
and  is the PV energy

Tank
Pipe
A

B. Photovoltaic system sizing
Ground level

The schematic diagram for a typical PV pumping system
is shown in Figure 2.

B
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Figure 1: The typical heads of the water pump

Tank

Inverter

2) The Pump Motor
Well

There are several types of electrical motors that can be
utilized to run the pump such as AC, DC, permanent
magnet,
brushed,
brushless,
synchronous
and
asynchronous, variable reluctance, and many more. If DC
motor is used then the PV array could be directly connected
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Figure 2: Schematic diagram for a typical PV pumping
system
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RE&PQJ, No.14, May 2016

The case study farm selected in this paper is located in
Saham that is around 200 km from Muscat, Oman. The
global solar radiation values for 25 locations in Oman
were discussed in reference [1]. The average value for
global solar radiation in Sohar (close to Saham) is 5.6
kWh/m2/day.

A stand-alone PV water pumping system sizing involves
finding the required size of the PV to meet the expected
load requirements. It is standard to apply a safety factor for
the PV size to compensate for the power losses owing to
aging, heat, dust, etc. [15].
The power of a PV array can be calculated based on solar
radiation energy [13] as:
 =  

The size of the farm is 4.5 acres, and is irrigated by
several methods based on the type of crops (drip, flood
and sprinkler). The farm has livestock and provides water
supply to three houses. The pump is of centrifugal type
and run by 11 kW induction motor fed directly from grid.
The depth of the well is 17 m, the static level is 13.5 m,
the drawdown level is 2 m, and the flow rate is around
1000 liter/minute. The picture of the existing system is
shown in Figure 3.

(3)



where:
 = photovoltaic power (W)
 = effective area of PV (m2)
 = solar radiation at reference temperature (1000W/m2 )
o
 = Efficiency of PV at reference temperature (25 C )
The daily energy output of the PV can be calculated from
[13]:
 =  



(4)

where  is the daily solar radiation on PV surface
(kWh/m2), and  is the efficiency of the PV under the
operating condition.
The area of the PV can be calculated from (2) and (4) as
follows:

 =
  
Figure 3: The picture of the existing system

Thus, the PV array size required in kW is
 =



 × × 

In order to optimize the sizing of the PV, the hydraulic
energy required per day should be determined. The
parameter of the system is presented in Table I. Using
these system parameters in the previous equations, the
size of the PV array is found to be 5.8 kW. To
compensate for the power losses due to heat, dust and
aging, the selected array size is calculated as 1.2(5.8)= 7
kW.

(5)

where is the PV mismatch factor (a safety factor for real
panel performance) with typical values range between
0.85-0.9 and  is the daily subsystem efficiency which
typically has a value range between 0.2 to 0.6 [13].
To compensate for the power losses due to heat, dust and
aging, the selected array size is taken as 1.2  .

The PV modules are available in different sizes, using
250 W module with area of 1.63 m2, thus the total
required area will be 46 m2 (28 modules). The
specifications of the selected module are presented in
Table II [16].

The overall efficiency of the PV water pump can be found
from the output hydraulic energy and input solar radiation
energy as
!

=



"#

=



 

(6)

Table I. - System parameters

3. Results and Discussion

Parameter
h
G
g
$
%


V
F
E

A. Case study
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Value
18 m
5.6 kWh/m2/day
9.81 m/s2
1000 kg/m3
1000 liter/minute
13%
50%
300 m3/day
0.9
0.5
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Table II. - Specifications of the PV
Parameter
Type of modules
Dimensions (m)
Nominal peak power
Maximum power voltage
Maximum power current
Short-circuit current
Open-circuit voltage
Optimized cell efficiency
Operating temperature
Maximum system voltage
Power temperature
coefficient

The average cost for providing electrical connection to the
farm from the distribution network is around 1,300 OMR
or US $ 3250 (including labor cost, cable cost, connection
box and any administrative work). The cost of extending
the public distribution network to the farm can be
determined according to the data available from
Distribution Company [17]. The cost is found to be
around 8,000 OMR/km (US $ 20,000) if overhead
transmission lines are used. In case of using underground
cable the cost will increase. Thus, the cost of PV system
is less than the cost of extending the grid network, even if
the grid is only 1 km away from the farm.

Value
Polycrystalline silicon (c-Si)
1.64X0.992X0.04
250W+3%
30.00V
8.25A
8.98
37.6
17.2%
-40℃ to +90℃
1000V DC
-(0.5±0.05) %/K

5. Conclusions
If there is a surplus power production from the PV, then it
can be sent back to the grid (feed-in tariffs) when the farm
is connected to the grid system. If the farm is isolated then
a battery can be utilized to store the excess power or a
water storage tank can be used.

In this paper a PV water pumping system for Oman
climate has been designed. A case study for a small farm
in Saham was selected and discussed. A well-designed
PV pumping system is attractive solution for Oman
climate based on economic analysis comparison between
the conventional pumping systems connected to grid and
the proposed PV system. The result of this work should
encourage the government for wide installation of PV
pumping system to keep our environment clean and
healthy.

4. Economic Analysis
For the economic analysis the following equation is used to
find Present Value of Cost (PVC) for the PV system:
&' = (' + * × &+, −  .

/

/0

1

2

(7)
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