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Abstract 

Solar energy which is the most abundant source of the renewable energy sources is commonly used in all 
areas in the world. In this study, two micro-irrigation systems supplying energy requirement by using 
photovoltaic arrays are designed for a land with 10 decares at Mersin in Mediterranean region. One of 
micro irrigation system named as direct PV micro-irrigation system supplies water from an underground 
well having the depth of 100 m and the other system called indirect PV micro irrigation system supplies 
water from water tank. These micro-irrigation systems are compared with each other in terms of cost. It is 
deduced that the indirect PV micro-irrigation system is more useful than the direct PV micro-irrigation 
system. The indirect PV micro-irrigation system is cheaper than the direct PV system and the duration of 
investment payback of indirect system is shorter than the duration of investment payback of the direct PV 
micro-irrigation system. 

©2016 Usak University all rights reserved. 
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1. Introduction 
 
Energy requirement is one of the most important problems of humanity from past to 
present. Today, energy requirement shows increase with technological development and 
human population growth. To answer the today's energy crisis, renewable energy 
sources are used. Solar energy which is the most abundant source of the renewable 
energy sources is commonly used in all areas in the world. In Turkey, the use of solar 
energy has increased in recent years. Turkey is suitable for the usage of solar energy 
since many regions of Turkey have high polar energy potential. At the same time, Turkey 
has agricultural fields and 40 percent of country's population does agriculture. To plow 
or irrigate the fields, diesel fuel oil and electricity energy are used. Solar energy can be 
used instead of diesel fuel oil or electrical energy where the system of electricity energy 
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cannot be installed or in areas without an electric grid. Solar powered irrigation systems 
are commonly used at present. Although initial investment cost of solar water pumping 
system is high, the operating cost and maintenance cost are too low. Especially at the 
fields having high potential of solar radiation, the system investment can be paid back in 
short time. With the increase of usage of solar photovoltaic water pumping system, 
researchers start to investigate this system details. Martire et.al. [1] studied on sizing of 
photovoltaic water pumping system to supply required flow rate of water. Efficiency of 
PV pumping system used to provide drinkable water was investigated by Hamidat and 
Benyoucef [2]. They researched effects of total height, tank capacity, array of PV and 
water consumption. Öztürk [3] explained the methods to determine design criteria as 
size of PV system, energy amount, water demand. Mokeddem et.al. [4] performed an 
experimental study on the efficiency of photovoltaic units of PV pumping system 
generating direct current. Foster and Cota [5] carried out a study on PV water pumping 
system, capacity and cost of these pumping systems and they revealed that PV water 
pumping system cost has dropped by 2/3 while fuel prices have risen since 2000. 
Chandel et.al. [6] published a review of solar pumping technology. They investigated 
developments on system efficiency, performance analysis, optimum sizing and properties 
of PV materials. Shinde and Wandre [7] studied on solar photovoltaic water pumping 
system for irrigation. They displayed the advantages of these systems. One of the 
important advantage is the negligible operating cost of the pump. The operating cost is 
minimal due to the fact that there is no fuel required for the pump like electricity or 
diesel. And a well-designed solar system requires little maintenance except for panel 
cleaning. Moreover, these PV pumping systems give maximum water output. 
 
The main objective of this study is to design two different Photovoltaic water pumping 
systems used for 10 decares land at Mersin in Mediterranean region. The energy 
requirements of micro irrigation pumping systems are supplied by using photovoltaic 
array as a solution of energy problem. Furthermore, the PV pumping system supplying 
water directly from a groundwater well and the PV pumping system supplying water 
from a tank filled by another pump are compared. 
 
2. Material and Method  
 
Photovoltaic powered water pumping system is similar to any other pumping system 
powered by diesel fuel or electrical energy. The only difference between PV pumping 
systems and other pumping systems is power source. 
 
A typical photovoltaic (Pv) pumping system includes a PV array, battery, inverter 
controller and various pipes, cables as shown in Figure1. Photovoltaic cells collect the sun 
light and convert it into electricity. When there is not any sunlight, battery banks are 
needed to use generated electrical energy. A controller, which checks the electric current 
supplied from PV array, battery and prevents charged and discharged of battery, is 
inserted into the PV pumping system. Photovoltaic cells produce DC electricity and DC 
electricity is stored at battery. on the other hand, many devices powered by electricity 
work with AC electricity. Therefore, electricity is converted from DC to AC by an inverter 
and AC electricity is delivered to devices like a pump. 
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Fig. 1 A typical Photovoltaic pumping system 

 
A micro irrigation system is used for trees which do not need irrigation of trunk. The 
difference of micro irrigation systems from other irrigation systems is to supply 
requirement water to plant root slowly. Thus, the amount of water is optimized and 
unnecessary water usage decreases. The micro irrigation system is fixed and stationary. 
Figure 2 indicates an ideal micro irrigation line. Micro irrigation systems consist of 
drippers, pump, main pipeline, lateral pipeline, manometer, flowmeter, manure tank, 
filter, valves and connection elements. The system takes water from water resource by a 
pump and transmits to control cabin. There are a manure tank and a filter in the control 
cabin. When the manure is given to trees, water is passed in manure tank and filter. If 
there is no need to give any manure, water is only passed in filter. Then, the water is 
transmitted to main pipeline and it is distributed to the lateral pipelines. To operate 
drippers, a proper effective pressure is needed. Finally, the drippers drip water to the 
ground. 
 

 
Fig. 2 A Schematic Diagram of PV Micro-Irrigation System 
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At present study, two different PV micro irrigation system are designed. One of micro 
irrigation system named as direct PV micro-irrigation system supplies water from a 
groundwater well having the depth of 100 m and the other system called indirect PV 
micro irrigation system supplies water from water tank. A citrus orchard about 10 
decares (125 m x 80 m) land at Mersin in Mediterranean region is selected to install 
micro irrigation system. The distance between two trees is decided as 4 m. For these 
citrus trees, these Pv water pumping systems are designed to match daily water 
requirement of 30 m3/day and the daily irrigation time is defined as 4-5 hours on every 
other day. This means that the water given to tree roots for an hour is about 7.5 m3. In 
order to supply the required flowrate, proper pipe system is installed and the suitable 
pump is selected. At this study, to determine the useful pump head and select the 
required pump, conservation of energy principle (1) which is the most fundamental law 
in nature is used. This equation means that energy can be converted to each other, it 
cannot be created or destroyed during a process. In addition, the losses at the micro 
irrigation system are calculated by using head loss equation (2) and minor loss equation 
(3) [8]. These equations are given below: 
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Total loss in a piping system is determined from total loss equation 
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Here, L is the length of pipe, D is the diameter of pipe, f is friction factor, KL is the loss 
coefficient based on the element shapes and V is the velocity of flow. Furthermore, P 
means the pressure of flow, z means the height of the system from reference plane, hpump,u 

is useful pump head, hturbine,e is turbine head extracted from the fluid, hLT is the total head 
loss as hLH and hLM are major (high) head loss and minor head loss ,respectively. 
By using these equations, the useful pump head is assessed and proper pipe diameters 
are decided [8]. 
 
3. Results and Discussion 
 
3.1. Micro irrigation system 
 
After definition of required amount of water, the micro irrigation system is installed as 
shown in Figure 3. At this irrigation system, there are 21 lateral pipelines. And at the each 
lateral pipeline, there are 178 drippers. One of the drippers drops about 1.95 L/h 
flowrate at 1 bar and total flowrate of system is 7281.1 L/h at an irrigation time. At this 
study, two different micro irrigation systems are designed. These designs are called as 
indirect and direct PV micro irrigation systems. Direct PV irrigation system supplies 
water directly from groundwater well by a submersible pump while indirect PV irrigation 
system supplies water from a water storage tank filled by a different submersible pump. 
At indirect PV micro-irrigation system, there are two pumps in the system. Firstly, water 
is pumped from groundwater well to water storage tank by submersible pump. The 
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volume of this tank is 40 m3(5 m x 4 m x 2 m). Then, a centrifugal pump delivers water to 
the micro-irrigation system at the irrigation time. 

 
Fig. 3 Technical drawing of Micro-Irrigation System for a land with 10 decares at Mersin 

in Mediterranean region 
 
3.2. Direct PV micro-irrigation system 
 
To select the proper submersible pump supplying water to irrigation system, 
conservation of energy principle is applied and the useful pump head is calculated as 131 
m. According to the pump head and the determined flowrate, the submersible pump 
having capacity of 7.8 m3/h is selected. The energy requirement of this pump is about 5.5 
kW. The irrigation time is selected as 5 hours. In order to avoid any problem during the 
irrigation time, the required energy is assessed as 27.5 kWh. To operate the system for 
five hours, ten batteries delivering 250 amp-hours of energy at 12 volts are used. These 
batteries are filled by PV panels in two days time due to the fact that irrigation is carried 
out every other day. As the photovoltaic panel is selected, March having the minimum 
duration of solar irradiance(7.35h) in Mersin is considered. Eight Pv panels having size of 
250 W with the voltage of 48V are added to the system. The acquired power from panels 
is about 14.8kWh daily. To convert DC electricity to AC electricity, an inverter having 
output power of 5.5kW is chosen. In order to regulate the current, a charge controller 
supplying a maximum current of 45A at 48 volts is placed to the system. 
 
3.3. Indirect PV micro-irrigation system 
 
A water tank having a volume of 40m3 exists at the indirect PV micro-irrigation system. 
As direct PV   micro-irrigation system, conservation of energy equation is applied to 
decide the suitable submersible pump pushing the water from groundwater well to the 
water tank. The useful pump head is assessed as 112.5 m. Thus, a submersible pump 
which pumps water from anywhere in the range of up to 115 m head and with outputs of 
up to 2.4 m3/hour is used at the indirect system. This pump requires 1.5kW in order to 
work. The water tank is filled in two days by this submersible pump. Pv panels and an 
inverter are enough to operate this submersible pump. The storage of power is not 
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needed.  To fill the water tank, any battery and charge controller are not used at this part 
of indirect PV irrigation system. Energy supplied from PV panels is delivered to the 
submersible pump and the pump is operated during the duration of solar irradiance. To 
run the pump, energy obtained from PV panels is approximately 1.5 kWh for an hour in 
March. Therefore, six PV panels having size of 250W and an inverter with output power 
of 1.5 kW are inserted to the system. On the other hand, a 1.1 kilowatt centrifugal pump is 
used in the indirect PV micro-irrigation system for the irrigation. This pump is capable of 
lifting water a 22 m vertical height while the useful pump head is calculated as 18m by 
using conservation of energy equation and this centrifugal pump is able to pump 7.5 m3 
of water per hour. The energy demand for five hours is determined as 5.5 kWh and to 
provide this demand, three batteries delivering 200 am-hours of energy at 12 volts and 
two PV panels having capacity of 200W are used at the indirect system. Moreover, an 
inverter having output power of 1.2 kW and a charge controller supplying a maximum 
current of 30 A at 12 volts are included to the indirect PV micro-irrigation system 
 
3.4. Discussion 
 
The irrigation system is same for both direct PV micro-irrigation system and indirect PV 
micro-irrigation system. The difference between the direct PV micro-irrigation system 
and the indirect PV micro-irrigation system is solar system and water supply. Table 1 
shows the price of components used at these systems. 
 
When fields having no electricity grid are irrigated by using PV micro-irrigation system 
instead of the systems powered by fuel-oil, we want to learn "how long does it take to pay 
back the investment for these PV micro-irrigation systems?". The investment payback for 
the direct PV micro-irrigation system is found to be 6 years and 5 months when the direct 
PV micro-irrigation system is compared with a diesel-powered pumping system having 
capacity of 6.8kW. In terms of the indirect PV micro-irrigation system, the investment 
payback for the system is met about five years and nine months when it is compared with 
a diesel-powered pumping system having capacity of 4.5 kW. When the investment 
payback is considered that the indirect PV micro-irrigation system is more suitable to 
irrigate than the direct system. The advantage of the indirect PV micro-irrigation system 
is that the submersible pump uses the solar energy constantly. At Table 1, it is apparently 
seen that the investment of battery at the direct system is approximately 41.28% of the 
total investment. This denotes that the storage is high cost. 
 
Table 1 
The price list of components for both the direct PV micro-irrigation system and the 
indirect PV micro-irrigation system 

 

For the direct PV micro-
irrigation system (TL) 

For the indirect PV micro-
irrigation system (TL) 

Pumps 2000 2200 

PV Panels 4800 4700 

Battery 9000 3600 

Charge Controller 1500 800 

Inverter 4500 3000 

Water Tank - 2400 

Total price (TL) 21800 16700 
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4. Conclusions 
 
Photovoltaic micro-irrigation systems are particularly designed to supply water and 
irrigate fields where there is no mains electricity supply. At present study, two PV micro-
irrigation systems for a land with 10 decares at Mersin in Mediterranean region are 
designed and they are compared with each other. One of micro irrigation system named 
as direct PV micro-irrigation system supplies water from a groundwater well having the 
depth of 100 m and the other system called indirect PV micro irrigation system supplies 
water from the water tank. For each PV irrigation system, the conservation of energy 
equation is applied and the useful pump head is calculated. According to the pump head, 
proper components are determined.  It is concluded that the indirect PV micro-irrigation 
system is cheaper than the direct PV system and the duration of investment payback of 
indirect system is shorter than the duration of investment payback of the direct PV 
micro-irrigation system. 
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