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Abstract
This paper analyzes the performance of irrigation pump units, with a special focus on their energy efficiency. As energy hasbecome an important resource in agricultural practice, it is important to optimize energy use in irrigation systems where water isscarce. The study includes both a technical and an energy audit of existing pump units. Key performance indicators include.This paper analyzes the performance of irrigation pump units, with a special focus on their energy efficiency. As energy hasbecome an important resource in agricultural practice, especially in water-scarce areas, it is important to optimize energy use inirrigation systems. The study includes a technical assessment and an energy audit of existing pump units. Key performanceindicators such as specific energy consumption (SEC), overall efficiency, and operating patterns are analyzed. The findings revealinefficiencies of current systems and suggest potential improvements through intelligent control and monitoring systems.
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INTRODUCTION

In modern agriculture, especially in arid and semi-arid regions, irri-gation systems play a crucial role in ensuring crop yields. However,the energy consumed by irrigation pump units poses significant op-erating costs and environmental concerns. Efficient use of energyin these systems not only reduces costs but also reduces the carbonfootprint. Optimizing energy consumption is of great importance inUzbekistan, especially in regions such as Fergana where irrigationis essential for fruit production.
This article aims to analyze the performance of irrigation pumpunits and propose strategies to improve their energy efficiencythrough technical and smart management solutions. Water is oneof the most important resources in agriculture, especially in aridand semi-arid regions where natural precipitation is insufficient tomeet the water needs of crops. In such regions, irrigation becomesthe basis for sustainable agricultural productivity. However, theoperation of irrigation systems, in particular the pumping unitsthat lift water from wells, canals or reservoirs, requires a largeamount of energy. In the context of rising energy prices, increasingdemand for water and growing environmental problems around theworld, there is a need to improve the energy efficiency of irrigation

systems.Agriculture accounts for more than 90 percent of total waterconsumption in Uzbekistan, and a large part of this water is suppliedby mechanical pumping systems. Energy consumption by pumpingstations is particularly high in regions such as Fergana, where deepgroundwater extraction (80–100 meters) is required. Most of theirrigation pump sets currently in operation were installed severaldecades ago and are inefficient due to their outdated designs, wearand tear, and lack of modern control technologies. This inefficiencynot only increases operating costs for farmers, but also places asignificant burden on the national energy grid and contributes togreenhouse gas emissions [1].Improving the performance and energy efficiency of irrigationpump sets is therefore a multifaceted task. It encompasses techni-cal aspects such as pump selection, motor efficiency, and mainte-nance practices, as well as system-level factors including flow rateoptimization, water scheduling, and intelligent control systems.Recent technological advances such as remote sensing, real-timemonitoring, and data analytics platforms offer new opportunitiesto improve system performance.This study aims to analyze the current operating conditionsof irrigation pump sets in Fergana region and assess their energy
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efficiency. The study investigates how the integration of smartcontrol and monitoring systems can optimize energy use and re-duce operational costs. By identifying potential areas for efficiencyand improvement, this study will help develop sustainable andenergy-efficient irrigation practices that can be scaled up in similaragricultural areas [2].

LITERATURE REVIEW

The energy efficiency of irrigation systems has been widely studiedworldwide. Research by Smith et al. (2018) highlighted the impor-tance of efficiency audits in identifying energy waste in pumpingstations. Other studies such as Kumar and Patel (2020) have devel-oped models to calculate optimal efficiency ranges based on flowrate and head. In Uzbekistan, Yusupov et al. (2022) examined localchallenges in energy use in deep well irrigation systems. However,limited attention has been paid to integrating smart monitoringsystems that enable real-time analysis and control, a gap that thisstudy seeks to address [3].

RESEARCHMETHODOLOGY

The methodology used in this study was designed to comprehen-sively analyze the operational characteristics and energy consump-tion efficiency of irrigation pump units during the agricultural (veg-etation) season. A combination of empirical field measurements,diagnostic efficiency assessment, and analytical modeling usingMATLAB and Microsoft Excel were used to ensure accuracy and ro-bustness in data interpretation.. Several irrigation pumping unitsoperating in Fergana region were selected for analysis. The method-ology includes: Measurement of electrical power (kWh) and waterdischarge (m³), Calculation of specific energy consumption (SEC =kW/m³), Evaluation of motor and pump efficiency using standardperformance curves, Identification of operational irregularities(e.g., over-pumping, dry running), Using smart sensors for real-time monitoring in selected systems, Comparison of traditionaland sensor-based control systems in terms of energy use.
Portable digital flow meters, pressure gauges, clamp meters,and a data logger were used to obtain accurate measurements. Thedata was entered into the system in real time as much as possibleand downloaded periodically for further analysis.
Data were collected during the growing season and analyzed us-ing MATLAB and Excel-based tools [4]. The graph above shows oneof the indicators related to the research methodology and resultsand discussion sections — Specific Energy Consumption (SEC) (i.e.,the amount of energy consumed per unit of water). Blue bars: Mea-sured SEC (kWh/m³) of each pump unit. Red line: Internationalbenchmark level – 0.3 kWh/m³. As can be seen from the graph,SEC in all units is higher than the international benchmark, whichindicates energy sustainability [5].

RESULTS AND DISCUSSION

The analysis showed that the average SEC for the studied pump-ing units was between 0.35 and 0.55 kW/m³, which is significantlyhigher than international benchmarks (0.2-0.3 kW/m³). This wasdue to factors such as outdated motors, inefficient pump designs,poor maintenance and lack of automated control. Intelligent mon-itoring systems have been shown to reduce energy consumptionby 15-25percent through better flow rate control, reduced idle timeand real-time fault detection. In addition, regular maintenancebased on performance data has improved the overall efficiency ofthe system. These results support the implementation of intelligentcontrol systems as a smart solution to improve energy efficiency inirrigation [6].

Figure 1. An example figure

Figure 2. An example figure

This image provides information about the architecture of anintelligent control system used to control and monitor irrigationsystems in agriculture. This system includes the following compo-nents: 1. Power supply - provides the electrical energy necessary forthe system to operate. 2. Sensors - measure water level, soil mois-ture and other important parameters. 3. Intelligent control system -controls the irrigation process based on information received fromthe sensors. 4. Database - stores and analyzes the collected data. 5.Remote monitoring and control - allows users to monitor the statusof the system and make necessary changes. This system optimizesthe irrigation process and increases its efficiency [6].

CONCLUSIONS AND RECOMMENDATIONS

The operation and energy efficiency of irrigation pumping units arevital for modern agriculture. By adopting advanced technologies,optimizing system design, and utilizing alternative energy sources,farmers can enhance the sustainability and cost-effectiveness ofirrigation practices. Ongoing research and innovation in this fieldwill continue to drive improvements in energy efficiency, ultimatelycontributing to food security and environmental protection.
The performance and energy efficiency of irrigation pumpingunits are important factors for modern agriculture. These unitsincrease productivity by delivering water from long-term storageor water sources to the appropriate fields when irrigating agricul-tural crops. However, the efficiency of pumps is important not onlyeconomically but also environmentally.
In terms of energy consumption, irrigation pumps can be thelargest cost of agricultural operations. To solve this issue, it is nec-essary to use efficient pumping systems and work on increasing
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energy efficiency. To do this, it is important to analyze and monitorenergy efficiency, select the right size of the pump and system, aswell as use modern technologies, such as variable frequency drives(VFDs).At the same time, the use of renewable energy sources, such asswitching to solar energy, significantly reduces energy consump-tion and reduces the carbon footprint. Regular audits of pumpsand irrigation systems are useful in identifying opportunities andsolving problems. In general, improving the efficiency of irrigationpumping units not only reduces agricultural costs but also helpsto conserve natural resources. These developments are of greatimportance in ensuring sustainability in agriculture, ensuring foodsecurity and maintaining ecological balance. Ongoing researchand innovation in this area will further improve energy efficiency,ultimately contributing to the development of agriculture.The study shows that a significant portion of the energy con-sumed by irrigation pumping units can be saved through a combi-nation of system upgrades and the implementation of smart moni-toring solutions. Recommendations include: • Replacing outdatedequipment with energy-efficient models; • Installing smart sen-sors and controllers for real-time operation; •Training operators onenergy-efficient irrigation practices; Future research could focuson integrating AI-based decision support systems for predictivemaintenance and flexible irrigation scheduling.

References

1. Koshimov, A., Kamilov, A. (2017). Energy Consumption inIrrigation Systems in Central Asia: Challenges and Opportuni-ties for Renewable Integration. Energy Policy Journal, 25(4),43-52
2. Kumar, S., Singh, S. (2019). Renewable energy applicationsin agriculture: Solar-powered irrigation systems and energy-efficient practices. Renewable Energy Reviews, 98, 184-195.
3. Zhang, Z., Li, X. (2020). Application of Solar-Powered Pumpsfor Irrigation in Agriculture: A Review of Recent Trends andFuture Outlooks. Renewable and Sustainable Energy Reviews,120, 109614.
4. Bermúdez, F., Gozalvez, V. (2020). Energy Efficiency Im-provements for Irrigation Systems Using Solar Pumps. Energyfor Sustainable Development, 56, 24-33.
5. Amin, S., Ahmed, S. (2021). Cost-Benefit Analysis of SolarPumping Systems for Irrigation in Uzbekistan. Journal ofSustainable Agriculture and Energy, 13(1), 101-114.
6. Nasirov, M., Yuldashev, K. (2021). Prospects of Solar PumpingSystems for Irrigation in Central Asia: A Case Study of Fer-gana Region, Uzbekistan. Environmental Science TechnologyJournal, 30(5), 789-798.


	INTRODUCTION
	LITERATURE REVIEW 
	RESEARCH METHODOLOGY
	RESULTS AND DISCUSSION
	CONCLUSIONS AND RECOMMENDATIONS
	References

