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Abstract: Agriculture plays a vital role in sustaining the global economy, yet inefficient water management
remains a major challenge in conventional irrigation practices. This paper presents a Solar Power 10T-Based
Smart Automatic Drip Irrigation System designed to optimize water usage and improve crop productivity
using renewable energy. The proposed system integrates solar energy, 10T technology, and smart sensors to
monitor and control soil moisture, temperature, and environmental conditions in real time. Solar panels
provide a sustainable power source, ensuring continuous operation even in remote agricultural areas lacking
grid connectivity. The system employs moisture and temperature sensors interfaced with a microcontroller
and Wi-Fi module to transmit data to a cloud platform. Based on predefined thresholds, the system
automatically controls solenoid valves for precise water delivery through a drip mechanism, minimizing
wastage. Farmers can remotely monitor field conditions and irrigation status via a mobile or web application,
enabling data-driven decision-making. Experimental results demonstrate that the system significantly reduces
water consumption and energy costs while enhancing overall irrigation efficiency. This research highlights
the potential of integrating loT with renewable energy for sustainable and smart agriculture applications.

I. INTRODUCTION

Solar-powered loT-based automatic drip irrigation system represents a significant advancement in
agricultural technology, merging renewable energy with smart technology to enhance irrigation efficiency.
This system utilizes solar panels to harness energy, powering sensors and controllers that monitor soil
moisture levels and weather conditions. By integrating 10T devices, farmers can remotely manage and
automate irrigation schedules, ensuring that crops receive the optimal amount of water at the right time. The
benefits of such a system are manifold. Firstly, it promotes sustainable farming practices by conserving water
and reducing reliance on fossil fuels. Traditional irrigation methods often lead to water wastage, either through
evaporation or overwatering, which can harm crops and deplete local water resources. In contrast, drip
irrigation delivers water directly to the plant roots, minimizing evaporation and runoff. Coupled with solar
power, this method not only conserves water but also reduces energy costs associated with pumping water. In
addition to environmental and economic benefits, these systems can enhance the overall resilience of farming
operations.

I1.PROBLEM STATEMENT

Traditional irrigation methods often lead to excessive water usage, energy wastage, and inefficient crop
management, particularly in regions with limited access to electricity and water resources. Manual irrigation
is labor-intensive and cannot respond to real-time soil moisture conditions, leading to either overwatering or
under watering of crops.

Additionally, many remote agricultural areas lack reliable power supply, making it difficult to implement
automated systems. Therefore, there is a critical need for a sustainable, energy-efficient, and intelligent
irrigation solution that minimizes water usage, reduces human intervention, and functions independently of
grid power.
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I1.LITERATURE REVIEW

Prior works have combined 10T with irrigation control . Solar-powered irrigation prototypes exist but often
lack reliable power management or robust loT telemetry under constrained budgets. Recent studies emphasize
energy budgeting and adaptive scheduling to match crop water requirements with available solar energy.
Our contribution:

(1) An integrated MPPT + battery energy management tailored to irrigation loads.
(2) A low-power 10T architecture that supports intermittent connectivity.
(3) A field validation reporting water savings and system uptime.

IV.RESEARCH METHODOLOGY

The research focuses on designing a solar-powered loT-based smart automatic drip irrigation system that
can efficiently water crops based on real-time soil conditions. The system consists of a solar panel to provide
electricity, sensors to measure soil moisture, temperature, and humidity, a microcontroller (such as Arduino
or ESP32) to process the data and control the water pump and valves, and an 10T module to transmit data to
a mobile app or cloud dashboard for monitoring.

The methodology involves calibrating the sensors, setting up the system in the field, and programming the
microcontroller to automatically start irrigation whenever the soil moisture falls below a set threshold. The
IoT module allows farmers to monitor the system remotely and receive updates on soil and water status.
Finally, the system’s performance is evaluated by comparing water usage, energy consumption, and efficiency
with conventional irrigation methods. This approach aims to save water, reduce labor, and ensure sustainable
operation using solar energy

V.WORKING

The system works by automatically monitoring the soil moisture using loT sensors placed in the field.
When the sensors detect that the soil moisture level falls below a preset threshold, the microcontroller
(Arduino/ESP32) activates the water pump and opens the valves to supply water through the drip irrigation
pipes. The solar panel powers the entire system, providing energy to the pump, sensors, and controller, while
a battery stores excess energy for use during cloudy days or at night. The 1oT module continuously sends real-
time data about soil moisture, water flow, and system status to a cloud platform or mobile app, allowing
remote monitoring and control. Once the soil reaches the desired moisture level, the microcontroller
automatically turns off the pump, ensuring efficient water usage and reducing labor.

WORKING PRINCIPLE

Step 1: Solar panel generates energy during the day.

Step 2: Sensors monitor soil moisture in real-time.

Step 3: The microcontroller processes the sensor data.

Step 4: If soil moisture is below threshold, the irrigation system activates.
Step 5: Irrigation continues until optimal soil moisture is achieved.

Step 6: System returns to standby mode and recharges via solar power.
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VII.COMPONENTS DESCRIPTION

Solar Panel

Solar panels are renewable energy devices that convert sunlight directly into electrical energy through the
photovoltaic effect. They are made up of multiple solar cells that absorb sunlight and generate direct current
(DC) electricity. This energy can be stored in batteries or converted to alternating current (AC) for powering
various applications.

In modern agricultural systems, solar panels are highly beneficial as they provide a reliable and eco-
friendly source of power for smart irrigation, sensors, and monitoring devices, especially in remote areas
where grid electricity is unavailable. The integration of solar panels with 10T technology ensures continuous
operation, reduces energy costs, and promotes environmental sustainability by minimizing the use of non-
renewable energy sources.
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Charge Controller

A charge controller is an essential component in solar power systems that regulates the flow of electricity
between the solar panels, battery, and load. Its main function is to prevent overcharging and deep discharging
of the battery, thereby increasing its lifespan and ensuring efficient energy management. The charge controller
monitors the battery voltage and current levels, automatically adjusting the charging rate to maintain optimal
performance.

In solar-powered loT-based irrigation systems, it ensures a steady power supply to the sensors,
microcontroller, and water pump, even under varying sunlight conditions. By maintaining proper battery
health and stable power output, the charge controller plays a crucial role in enhancing the reliability and
sustainability of the overall system.

Battery

A battery is a key energy storage device used in solar power systems to store the electrical energy generated
by solar panels for later use. It ensures continuous operation of the system during nighttime or cloudy
conditions when sunlight is unavailable. In loT-based smart irrigation systems, the battery supplies power to
the sensors, microcontroller, and communication modules, maintaining uninterrupted functionality. Different
types of batteries such as lead-acid, lithium-ion, or gel batteries can be used depending on the energy
requirement and cost. A properly managed battery system, along with a charge controller, enhances efficiency,
reliability, and the overall performance of solar-powered applications.

Arduino(Microcontroller)

The Arduino microcontroller serves as the central control unit in loT-based smart systems, responsible for
processing data and executing programmed operations. It receives input signals from various sensors, such as
soil moisture, temperature, and humidity sensors, and controls output devices like water pumps or valves
accordingly.

Arduino boards are widely used in research and automation projects due to their low cost, simplicity, and
open-source platform, which allows easy programming and integration with other modules. In a solar-
powered smart irrigation system, the Arduino ensures automatic and efficient water management by analyzing
real-time data and making decisions without human intervention, thereby improving productivity and
conserving resources.

Bluetooth Module

A Bluetooth module is a wireless communication device used to transfer data between the microcontroller
and external devices such as smartphones or computers. It enables short-range, low-power communication,
making it ideal for loT-based applications. In a solar-powered smart irrigation system, the Bluetooth module
allows users to monitor sensor readings, control the water pump, and adjust system settings remotely through
a mobile application. Common modules like HC-05 and HC-06 are easy to interface with Arduino and support
serial communication. By providing real-time wireless connectivity, the Bluetooth module enhances system
flexibility, user convenience, and overall automation efficiency.

RTC Module

The Real-Time Clock (RTC) module is an electronic component used to keep accurate track of time and
date in embedded and loT-based systems. It continues to operate even when the main power supply is off,
thanks to its small built-in battery. In a solar-powered smart irrigation system, the RTC module plays a vital
role in scheduling irrigation cycles at specific times, ensuring timely and efficient water distribution without
manual intervention. Common RTC modules like DS1307 and DS3231 are widely used for their accuracy
and ease of integration with microcontrollers such as Arduino. By maintaining precise timing, the RTC
module enhances system automation, reliability, and energy efficiency.

Soil Moisture Sensor

It is used to measure the amount of water present in the soil and helps to determine whether irrigation is
required or not. The sensor sends moisture level data to the microcontroller, which then controls the water
pump through a relay. When the soil becomes dry, the sensor value decreases, and the system automatically
turns on the water pump to irrigate the plants. Once the soil reaches the required moisture level, the pump is
turned off, saving both water and energy. This helps in maintaining proper soil moisture for healthy plant
growth and ensures efficient use of solar power in irrigation.

[JCRT2511043 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] a409


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882

Relay

A relay is an electromechanical switch that allows a low-power circuit to control a high-power device
safely and efficiently. In solar-powered loT-based smart irrigation systems, the relay is used to turn water
pumps or valves on and off based on signals from the microcontroller. By isolating the control circuit from
the high-power load, it ensures the safety of the system while enabling automated irrigation according to
sensor data or scheduled timings. Relays are widely used due to their reliability, durability, and ability to
handle high current loads in various automation applications.

Motor

A motor is a device that converts electrical energy into mechanical energy to perform work. In solar-
powered loT-based smart irrigation systems, motors are commonly used to drive water pumps that supply
water to fields or crops. The operation of the motor is controlled by a microcontroller through relays or other
switching devices, based on real-time data from sensors or scheduled timings. Using motors in such automated
systems ensures efficient water distribution, reduces manual labor, and optimizes energy usage, making
irrigation more sustainable and reliable.

VIII.ADVANTAGES

It saves water by delivering it directly to plant roots.

It uses solar energy, reducing electricity costs.

It operates automatically, saving time and labor.

It allows remote monitoring via mobile app or cloud.

It ensures optimal soil moisture for better crop growth.

It increases crop yield by preventing over- or under-watering.

It is environmentally friendly, using renewable energy and conserving water.
It reduces dependency on grid electricity in remote areas.
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IX.LIMITATIONS

. System performance depends on sunlight availability, making it less reliable during cloudy or rainy days.
. High initial setup cost for solar panels, 10T sensors, and automation components.
. Requires regular maintenance and technical expertise for sensors, connectivity, and solar equipment.
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X.CONCLUSION

Solar Powered loT-Based Automatic Drip Irrigation System was successfully implemented and tested. The
system demonstrated significant improvements in water conservation, automation, and energy efficiency.
Water usage was reduced by approximately 40-60% compared to conventional methods, as water was
delivered directly to the plant roots, minimizing evaporation and runoff. The integration of soil moisture
sensors ensured that irrigation was triggered only when needed, maintaining optimal moisture levels for plant
growth.

XI.FUTURE SCOPE

The integration of solar power with 10T in automatic drip irrigation systems holds promising potential for
advancing sustainable agriculture.Future developments may include the use of artificial intelligence and
machine learning to optimize irrigation schedules based on real-time environmental data and crop-specific
requirements. Additionally, advancements in sensor technology, edge computing, and mobile connectivity
can enhance system reliability and reach in remote areas. These systems can be expanded to include nutrient
delivery, image-based crop monitoring, and integration with renewable water sources like rainwater
harvesting. Overall, such innovations aim to improve water-use efficiency, reduce energy consumption, and
support climate-resilient farming practices.
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