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ABSTRACT

This research develops an integrated smart renewable energy framework for improving the
performance of agricultural distribution feeders. The study first investigates the characteristics of
agricultural loads and develops realistic load models to represent the operational behaviour of
irrigation and other voltage-sensitive agricultural applications. Based on these load characteristics,
optimal sizing and placement of solar photovoltaic (PV) systems are carried out to reduce power
losses, improve voltage profiles, and enhance renewable energy utilization. The study further
incorporates coordinated reactive power compensation to address voltage fluctuations and improve
the overall power quality of the distribution feeder. To overcome the land constraints associated with
conventional ground-mounted PV installations, smart solar PV tree technology is integrated into the
proposed agricultural feeder configuration. The developed framework is evaluated using standard
IEEE radial distribution test systems and subsequently validated using a real-time agricultural
distribution feeder in Andhra Pradesh, India. The proposed approach reduces dependence on
conventional grid supply while providing a sustainable and land-efficient renewable energy solution
for agricultural irrigation. Overall, the research establishes a practical framework for modernizing
rural agricultural distribution networks and supporting reliable, economical, and sustainable

renewable-energy-based irrigation systems.
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