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Objective: In the present study, effective methods for managing energy consumption in
pumping stations and pressurized irrigation systems have been examined.

Method: Energy consumption management methods have been examined in three
general approaches: improving system operation methods, improving system operation
methods and installing energy consumption management equipment, and improving
pump startup methods.

Results: The results of the study show that from an economic perspective, the energy
costs, repair and maintenance of a pumping system over its lifetime are up to 20 times its
initial investment, and the use of energy management technologies, such as energy audits,
will increase energy efficiency by 15 to 20 percent, operating the pump near the optimum
operating point will reduce energy consumption by up to 35 percent, implementing
automation systems in pumping stations will reduce energy consumption by up to 32
percent, and using variable speed pumps will reduce energy consumption in agricultural
water pumping stations by up to 19 percent.

Conclusions: It is important to note that due to the wide range of factors involved in
managing irrigation systems, it is necessary for farmers and operators to choose an
appropriate and economical method for controlling energy consumption based on the
existing conditions of the farm.
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Introduction

Sustainable development of pressurized irrigation methods can be one of the appropriate
solutions to improve agricultural water use efficiency and improve irrigation efficiency. On
the other hand, pressurized irrigation systems are mainly dependent on pumping stations,
which are among the largest energy consumers, and their optimal design is very important,
especially in terms of increasing the efficiency of pumping stations and controlling energy
consumption. With the increasing use of pumps in the agricultural sector (especially with the
development of pressurized irrigation systems in the last few decades), the discussion of
controlling and adapting pumping station conditions to the hydraulic characteristics of the
system has gained great importance in order to increase pumping station efficiency and
manage energy consumption. The pumping station is the most important part of an irrigation
system and is actually its heart. Any inefficiency in it will lead to a decrease in the efficiency
of the system. Given its inherent characteristics, this part of the system requires a more
systemic approach to increase efficiency.

The challenge of energy imbalance and power outages in agricultural water wells has made
the issue of energy efficiency one of the key challenges in discussions related to pressurized
irrigation systems today. Therefore, the study of energy-intensive processes, such as pumping
stations, has become inevitable in order to improve the overall efficiency of irrigation systems
(Shtabati Nejad and Razavi, 2015). Accordingly, today, saving water and energy consumption
is one of the requirements for implementing and operating pressurized irrigation, and in recent
years, with the approach to developing pressurized irrigation systems, the issue of energy
saving has been prioritized in most countries (Fernandez et al., 2014). With the growth of
technology and the application of new methods in pumping station management, it is possible
not only to save energy consumption, but also to prevent the excessive wear and tear of electric
pumps, and to achieve better performance of pumping stations and increase their lifetime.

Method
One of the best methods for improving the efficiency of energy consumption in irrigation is

an energy audit in the irrigation system. Energy audit in the irrigation system is to find
appropriate methods to determine energy saving opportunities, in which the state of energy
distribution and consumption is examined and suggestions are made for improving energy
consumption and efficiency in different parts of the system. In general, energy consumption
management in pumping stations and pressurized irrigation systems is classified into 8
sections.

1- Optimal energy consumption by choosing the right option in designing pipelines and
pumping systems

2- Optimal energy consumption by choosing the right option in arranging transmission lines
and equipment systems

3- Optimal energy consumption by choosing pumps and electrical equipment of appropriate
quality and standard

4- Optimal energy consumption by using soft starters and controlling motor speed in
proportion to flow rate (energy) consumption

5- Controlling energy consumption and the health of the motor and transmission lines by
evaluating the efficiency of the device and performance standards

6- Planning for the system's energy consumption cycle to distance the system's peak
consumption from the peak consumption in the regional power grid, in order to avoid paying
more money and reduce the risk of voltage drops and power outages
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7- Optimal planning and consumption by performing telemetry and installing control
equipment and preventing leaks

8- Optimal consumption by controlling energy-intensive devices through preventive
maintenance and repairs.

Results
1- Improving the system operation methods

1-1-Pump operation at a point closer to its maximum efficiency point: One of the most
important issues in agricultural water pumping stations is the non-compliance of the
pumping station conditions with the operation standards. Compliance with pump operation
standards will play a significant role in reducing energy consumption and increasing the
operating life. For example, studies conducted in India indicate that despite the lack of
information and training in the farming community, standardizing the design and operation
of pumping stations has increased the operating efficiency of pumping systems by up to
20 percent

1-2-Modifying the layout of the irrigation network in accordance with the modification of
the energy consumption pattern (identifying critical points of energy consumption in the
system): The pressurized irrigation systems that have been implemented in the country
over the past decades have been mainly targeted and implemented with the aim of
promoting and improving the efficiency of water consumption. However, in conditions of
limited and deficit energy resources, the implementation of pressurized irrigation systems
cannot be implemented solely with the approach of water consumption management, and
energy consumption management issues in the operation and design of the system will
definitely be effective

2- Managing energy consumption by improving the system operation method (system
automation): In another approach, the fastest solution for optimal water and energy
management is to upgrade the existing irrigation systems from mechanization to automation
which is possible by modifying the equipment while it is working and reducing the role of
human labor. Automation of pressurized irrigation systems can be examined in three parts.

3- Energy consumption management by installing energy consumption management
equipment and modifying the pump startup method: In the usual methods of operating a
pumping station, the output flow rate is controlled using valves and the motor operates near
full load regardless of the output value, which causes a lot of energy loss due to blockages. On
the other hand, the conventional options for changing the pump curve performance, such as
turning or replacing the pump impeller, throttling valve, and bypassing the flow, do not have
the ability to control the pumps in real time in response to the existing variables, which also
causes energy loss. It is obvious that the improper performance of the pumping station in a
pressurized irrigation system from a technical point of view and the mismatch between the
flow rate and flow pressure during the operation period and the actual amount required, causes
unnecessary energy consumption, reduced efficiency, equipment wear and tear, and imposes
economic costs.

Conclusions

In recent decades, the approach to analyzing energy consumption and examining solutions
for reducing energy consumption in pressurized irrigation systems has received great attention
in different parts of the world due to the economic benefits of energy savings. However, a
review of existing policies and guidelines at the national level shows that the development of
pressurized irrigation systems over the past three decades has been mainly focused on
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improving water consumption efficiency, and energy efficiency issues have received less
attention. However, in the coming years, it seems that energy deficit will be an important
component in the development or lack of development of irrigation systems. Therefore,
understanding the level of water and energy efficiency in agricultural and horticultural
production in each region is the first step towards planning and management to increase the use
of these resources. Also, presenting and applying energy consumption management methods in
the agricultural sector will be considered one of the pillars of planning in the agricultural sector.
This is despite the fact that due to the wide range of factors involved in managing irrigation
systems, it is necessary to continuously develop various irrigation technologies and farmers are
faced with different options in terms of energy saving in order to choose the appropriate and
economical method of controlling energy consumption based on the existing conditions of the
farm. Despite the existence of numerous and different technologies, there is a time gap between
the continuous development of such technologies and the creation of standard and systematic
guidelines for selecting the most appropriate technology. This issue can lead to the acceptance
of inappropriate technologies and, as a result, the failure to use new technologies in irrigation
systems. With the growth of technology and the application of new methods in pumping station
management, it is possible to not only save energy consumption, but also prevent the severe
wear and tear of electro pumps and, in addition to improving the performance of pumping
stations, their lifespan can also be increased.
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