Al 1Y

b %
. n’s5m International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue:02 | Feb-2025 SJIF Rating: 8.586 ISSN: 2582-3930

Smart Dairy Farming Driven by Renewable Energy Sources

N. Manikanta Darshan(3BR21EE056),

N. Priyanka(3BR21EE057)
Nagaraj(3BR21EE059)

Nagaveni K(3BR21EE061)

Department of Electrical and Electronics Engineering
Ballari Institute of Technology and Management, Ballari, Karnataka, India

ABSTRACT

Smart dairy farming integrates automation, sensing technologies, data-driven management, and renewable energy
sources to improve the efficiency, productivity, sustainability, and reliability of dairy farm operations. The proposed
system focuses on automating essential activities such as feeding, watering, cleaning, waste management, and
livestock monitoring while reducing dependence on conventional grid electricity. Renewable energy sources such as
solar and wind energy are considered to supply the electrical requirements of the system, with battery storage
providing continuity during periods of insufficient renewable generation. Ultrasonic sensors are employed for
monitoring feed and water levels, while conveyor-based feeding and automated cleaning mechanisms reduce manual
intervention. The system also incorporates monitoring and data-analysis concepts for observing livestock health,
resource consumption, and farm conditions. The integration of renewable energy with automated farm operations can
reduce operational costs, improve resource utilization, enhance animal welfare, and reduce environmental impact. The
proposed smart dairy farming approach therefore provides a sustainable framework for modernizing conventional
dairy operations, particularly in areas where reliable grid power is limited.
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INTRODUCTION

Dairy farming is an important agricultural activity that requires continuous management of livestock, feed, water,
energy, and hygiene. Conventional dairy farms depend considerably on manual labour for feeding, watering, cleaning,
and other routine activities. Such practices can result in inefficient resource utilization, increased labour requirements,
inconsistent feeding and watering, and difficulties in maintaining appropriate hygiene. Smart dairy farming provides
an approach for overcoming these limitations by combining automation, sensing, communication, and sustainable
energy technologies.

The proposed smart dairy farming concept integrates automated feeding, precision watering, cleaning mechanisms,
renewable energy generation, energy storage, and data-driven monitoring. Automated feeding systems can deliver
appropriate quantities of feed at scheduled intervals, thereby reducing wastage and ensuring consistent nutrition.
Similarly, sensor-based watering systems can monitor water availability and regulate the water supply. These
technologies reduce repetitive manual activities and support improved resource management. The report identifies
automated feeding, watering, cleaning, renewable energy, and real-time monitoring as important components of a
smart dairy farm.
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Renewable energy is an important part of the proposed system because dairy farms require a continuous supply of
electricity for sensors, pumps, motors, automation equipment, lighting, and other farm activities. Solar panels and
wind turbines can provide clean electrical energy, while battery storage can maintain the operation of critical loads
when renewable sources are unavailable. The proposed approach consequently reduces dependence on conventional
electricity and supports energy independence. The report specifically describes solar, wind, and biogas as renewable
energy options for dairy applications.

Data-driven management further enhances the proposed system. Sensors and monitoring devices can collect
information related to livestock health, feed and water consumption, environmental conditions, and farm operations.
Such information can support early identification of abnormal conditions and assist farmers in making informed
management decisions. The report also identifies loT-enabled sensors, data analytics, and predictive health monitoring
as important future-oriented components of smart dairy farming.

LITTERATURE SURVEY

Anderson and Taylor [1] investigated GPS-based cattle tracking as an important technology for smart dairy farming.
GPS technology enables farmers to monitor cattle movement and behaviour, particularly in large grazing areas, and
can assist in identifying unusual activity that may indicate health-related concerns. The integration of location
information with livestock management can improve herd monitoring and farm efficiency. Li and Wong [2] studied
automated manure cleaning systems for dairy farms and highlighted their importance in maintaining hygienic
conditions while reducing manual labour requirements. Automated waste-removal mechanisms can support cleaner
livestock environments, reduce the accumulation of manure, and contribute to sustainable dairy-farm management.
Smith and Allen [3] examined the integration of solar and wind energy into dairy farming operations. Their work
emphasized the potential of renewable energy sources to reduce dependence on conventional electricity, lower
operational costs, and minimize the environmental impact of dairy farms. Singh and Kumar [4] investigated smart
conveyor systems for dairy-farm feeding applications. Automated conveyor-based feeding can transport feed to
designated locations at appropriate times, reduce manual intervention, minimize feed wastage, and improve feeding
efficiency. Chen and Zhao [5] focused on evaluating the environmental impact of smart dairy farming using renewable
energy. Their study emphasized the importance of considering energy consumption, resource utilization, and
environmental effects when implementing smart technologies in dairy operations.

Patel and Desai [6] investigated the application of the Internet of Things (IoT) for cattle health monitoring. loT-
enabled sensors can collect information related to livestock health and behaviour, allowing farmers to monitor animals
more effectively and identify potential problems at an early stage. Such monitoring can improve animal welfare and
support better herd-management decisions. Rahman and Gupta [7] studied battery-storage systems for renewable-
energy-powered dairy farms and highlighted the importance of energy storage in maintaining a reliable power supply
when renewable sources such as solar and wind are unavailable or insufficient. Garcia and Rodriguez [8] investigated
smart water-level indicators for livestock applications. Sensor-based water-level monitoring can help maintain
adequate water availability, prevent unnecessary wastage, and support efficient water management. Nakamura and
Tanaka [9] reviewed remote-monitoring systems for smart dairy farming and discussed the use of communication
technologies for supervising farm operations from remote locations. Such systems can integrate livestock monitoring,
environmental monitoring, and farm-control functions to support timely decision-making. Miller and Johnson [10]
examined the economic viability of renewable-energy systems in dairy farming. Their study highlighted that although
renewable-energy systems may require an initial investment, the long-term benefits can include reduced energy costs,
improved operational efficiency, and greater energy independence.

Overall, the reviewed studies demonstrate that smart dairy farming can benefit significantly from the integration of
automation, renewable energy, sensing technologies, and remote monitoring. GPS-based tracking improves cattle
monitoring [ 1], automated cleaning improves hygiene and reduces labour requirements [2], and solar and wind energy
provide sustainable alternatives to conventional electricity [3]. Automated conveyor systems improve feeding
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operations [4], while environmental assessment helps evaluate the sustainability of smart farming practices [5]. loT-
based health monitoring supports continuous livestock observation [6], and battery storage improves the reliability of
renewable-energy systems [7]. Smart water-level monitoring contributes to efficient water management [8], while
remote-monitoring technologies enable farmers to supervise farm operations more effectively [9]. Finally, economic
analysis demonstrates the potential long-term benefits of renewable-energy adoption in dairy farming [10]. These
studies collectively provide the technological foundation for the proposed smart dairy farming system driven by
renewable energy sources.

PROBLEM STATEMENT

Traditional dairy farming relies heavily on manual labour for feeding, watering, cleaning, and livestock management,
resulting in inefficient resource utilization, increased labour requirements, and inconsistent farm operations. Feed and
water wastage, high energy consumption, and dependence on conventional electricity further increase operational costs
and environmental impact. In addition, the lack of continuous monitoring makes it difficult to identify livestock health
and farm-condition issues at an early stage.

OBJECTIVES

1. To develop an automated dairy farming system for feeding, watering, cleaning, and monitoring livestock using
sensors and control mechanisms.

2. To integrate renewable energy sources such as solar and wind energy to supply the system's power
requirements, reduce energy costs, and improve environmental sustainability.

PROPOSED METHODOLOGY

The proposed smart dairy farming system integrates renewable energy sources, automation, sensors, and control
mechanisms to improve the efficiency and sustainability of dairy-farm operations. Solar panels and a wind turbine are
used as renewable energy sources to generate electrical power, which is managed through a power-house arrangement
and stored in a battery for continuous operation. The generated energy is supplied to the various farm loads, including
motors, sensors, water pumps, and control circuits.

The feeding system uses a feeder box and conveyor belt to automatically transport feed to the required location,
reducing manual labour and feed wastage. An ultrasonic sensor is used to monitor the feed level and provide
information to the control system. Similarly, a water pump and water-level monitoring arrangement are used to ensure
adequate water availability for the livestock. Ultrasonic sensing enables the system to determine the level of feed or
water and initiate the required operation when the level becomes low.

The system also incorporates an automated cleaning mechanism for removing cattle waste from the cow stay. A
motor-driven lever mechanism can be operated through the control circuit to reduce manual cleaning requirements and
maintain hygienic conditions.
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FIG 2 Circuit diagram of smart dairy farming
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RESULTS AND DISCUSSION

The proposed smart dairy farming system demonstrates the potential to improve dairy-farm operations by integrating
automation with renewable energy sources. The automated feeding system using a conveyor mechanism helps in
delivering feed consistently while reducing manual labour and feed wastage. Similarly, the water pump and water-
level monitoring arrangement support the continuous availability of water for livestock. The use of ultrasonic sensors
provides information about feed and water levels, enabling more effective resource management.

The integration of solar and wind energy provides a sustainable power source for the farm's automated components.
The generated renewable energy can be stored in batteries and utilized when renewable generation is insufficient,
thereby improving the reliability of the system. This approach can reduce dependence on conventional electricity,
operating costs, and environmental impact.

The automated cleaning mechanism helps reduce manual intervention and supports improved hygiene within the cattle
area. Overall, the combination of automated feeding, watering, cleaning, sensor-based monitoring, and renewable
energy improves resource utilization and provides a more sustainable approach to dairy farming. The project report
identifies increased efficiency, reduced operating costs, improved animal health and welfare, and environmental
sustainability as major benefits of the proposed smart dairy farming approach.

However, the uploaded report does not provide detailed numerical experimental results such as percentage energy
savings, feed or water savings, sensor accuracy, or increase in milk production. Therefore, quantitative performance
improvements cannot be stated without additional experimental measurements.

FIG: 3 Hardware Setup
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CONCLUSION

The proposed Smart Dairy Farming Driven by Renewable Energy Sources provides an effective approach for
improving the efficiency, sustainability, and productivity of dairy-farm operations. The integration of solar and wind
energy with battery storage provides a sustainable power supply for automated farm activities. Automated feeding,
watering, and cleaning systems reduce manual labour, improve resource utilization, and help maintain better livestock
conditions. Sensor-based monitoring, particularly through ultrasonic sensors, supports efficient management of feed
and water availability. Overall, the proposed system reduces dependence on conventional energy sources, minimizes
resource wastage, and supports environmentally sustainable dairy farming. The system can be further enhanced
through IoT, artificial intelligence, machine learning, and remote monitoring technologies to achieve more intelligent
and efficient farm management.
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