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Abstract-- This paper proposes an automatic water pumping system for a smart greenhouse, optimizing plant
irrigation using renewable energy. It features sensors monitoring soil moisture, a pump powered by solar or
wind, and a control unit adjusting pump operation based on sensor readings. The system, linked to the
Internet, enables remote monitoring and control. Expected benefits include reduced manual watering,
decreased reliance on non-renewable energy, and enhanced greenhouse efficiency. Smart greenhouses aim to
enhance plant cultivation sustainability, with a crucial role played by the automated irrigation system,
comprising a control unit, pump, and moisture sensors. Internet connectivity facilitates remote monitoring
and adjustment for informed greenhouse operation.

Keywords: Sensors, smart greenhouse, irrigation system, Internet of Things, solar panel, sustainable
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I INTRODUCTION

India's escalating energy demand, driven by rapid economic growth, surpassed 830 million tons of oil equivalent
in 2021, dominated by coal, oil, and natural gas constituting 80%. The remaining 20% is renewable, including solar,
wind, and hydropower. Coal holds a 45% share in India’'s energy mix, mainly for electricity; oil follows with 30%
for transportation, and natural gas with 5% for industry. The government targets 175 GW of renewable energy by
2022, fostering policies for project development. With the ongoing energy demand surge, reliance on renewables
becomes pivotal for sustainability. This study focuses on integrating renewable energy, specifically wind and solar,
into a smart greenhouse's autonomous water pumping system, aiming to reduce non-renewable energy dependency
and enhance sustainability. Wind energy harnesses wind for electricity, offering benefits such as environmental
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friendliness and diverse applications. Solar energy, harvested from the sun's rays, is a clean and abundant source
with applications in electricity generation, water heating, lighting, agriculture, transportation, and more. The study
explores the feasibility of leveraging these renewable sources in smart greenhouse operations, addressing challenges,
and capitalizing on environmental and economic benefits. Greenhouses, pivotal for controlled plant growth, have
gained significance in sustainable agriculture, with smart greenhouses utilizing technology for optimized plant
growth and reduced energy consumption. The Internet of Things (1oT) further enhances efficiency by connecting
devices for remote monitoring and control, potentially transforming agriculture practices.

Il. APPROACH

The approach is to assess the components and subsystems, determining their collaboration for desired outcomes.
This includes identifying inputs, outputs, processes, data flows, and communication channels. It's crucial to consider
technical, economic, and environmental impacts when evaluating hardware, software, data storage, processing, and
infrastructure needs. Costs, advantages, upfront investment, ongoing maintenance, and potential return on
investment must be weighed. Environmental impacts, like greenhouse gas emissions, are also vital. A
comprehensive analysis ensures a well-designed, feasible, and sustainable 10T project, revealing potential issues
early for informed decision-making and project success.
The problem that the automatic water pumping system for a smart greenhouse using renewable energy resources
aims to solve is how to provide water efficiently and sustainably for irrigation and other purposes in a greenhouse
setting. There are several challenges associated with this problem:
Ensuring a reliable and consistent supply of water: The water needs of the greenhouse may vary depending on
factors such as the weather, the type of plants being grown, and the stage of plant growth.
% Minimizing energy consumption: Water pumping can be an important energy consumer, especially in large
greenhouses. It is important to design a system that minimizes energy consumption while still meeting the water
needs of the greenhouse. Automatic water pumping system for smart greenhouse
« Maximizing the use of renewable energy resources: Using renewable energy resources such as solar and wind
power to pump water can help to reduce greenhouse gas emissions and other environmental impacts. It is important
to design a system that optimizes the use of these resources.
« Managing costs: Water pumping systems can be expensive to install and maintain. It is important to design a
system that is cost-effective and provides a good return on investment.

1. FRAMEWORK

To address these challenges, the following framework can be used to design the automatic water pumping system
for a smart greenhouse using renewable energy resources:
« Determine the water requirements of the greenhouse: This includes evaluating the daily water needs of the plants,
the available water sources, and the capacity of the water storage and distribution system.
+« Assess the renewable energy resources available: This includes evaluating the solar insolation, windspeeds, and
other factors that can affect the performance of solar panels and wind turbines.
« Design the water pumping system: This includes selecting high-efficiency pumps and advanced control systems
and determining the infrastructure and connectivity requirements.
« Design the renewable energy system: This includes selecting the appropriate solar panels, wind turbines, and
other renewable energy technologies based on the site situations and energy needs.
% Evaluate the costs and benefits: This includes assessing the upfront costs, ongoing maintenance expenses, and
potential return on investment, as well as the environmental impacts of the system.
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V. DESIGN METHODOLOGY
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Figure 1: Block Diagram of Proposed Architecture

The module is designed using a microcontroller and GSM interfaced through the embedded C programming
language. Alongside this, additional sensors monitor greenhouse weather and land conditions for optimal yields. A
temperature sensor oversees greenhouse temperature; if it falls below the threshold, incandescent bulbs
automatically raise it, turning off at the threshold. The system includes a soil dampness detection sensor, crucial for
crops, activating the water pump when the soil is dry. An intruder sensor triggers GSM alerts to the owner if
trespassers are detected. The LDR sensor automates light activation in darkness. The entire system operates on
hybrid renewable sources, ensuring sustainable functionality.
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Figure 2: Flow Chart
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V. SYSTEM IMPLEMENTATION
The smart greenhouse system is an innovative application that combines the power of the Internet of Things (IoT)
and Blynk platform to create an intelligent and efficient greenhouse environment. This system leverages the ESP32
microcontroller and various sensors to monitor and control crucial parameters such as temperature, humidity, soil
moisture, light, and intrusion detection. With real-time data monitoring and automated control mechanisms, the
smart greenhouse system aims to optimize plant growth, conserve resources, and enhance overall efficiency.

A. HARDWARE SETUP

An overview of the avadable pins can be seen in the following figure:
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Figure 3: Pin Diagram of Arduino UNO

1. Connect the ESP32 board to the Wi-Fi network with SSID "loT" and password "12345678". 2. Connect the
DHT11 temperature and humidity sensor to pin 4.

3. Connect the LDR (light-dependent resistor) to pin 23. Automatic water pumping system for smart greenhouse
Page | 21

4. Connect the IR (infrared) sensor to pin 18. 5. Connect the water pump to pin 14.

6. Connect the soil moisture sensor to pin 33. 7. Connect a buzzer to pin 13.

8. Connect an LED to pin 15.

9. Connect a fan to pin 25.

10. Connect a bulb to pin 35.

11. Connect the LCD to the 12C interface using address 0x27 and 16x2dimensions.

B. Blynk Setup:
1. Install the Blynk library for ESP32.

2. Set up a Blynk account and create a new project. 3. Obtain a Blynk template 1D, template name, and
authentication token.
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4. Create a new Blynk project with template ID "TMPL3n6wKPHNF" and name "smart greenhouse". 5. Generate an
authentication token and replace "vipw4p3QCsn1F1-IXgAnmtY KAf7wOZzv" in the code with the token.

C. Setup Function:
1. Initialize serial communication with baud rate of 9600.

2. Set input/output modes for various pins.

3. Turn off the LED and water pump.

4. Initialize DHT sensor.

5. Initialize LCD and display "Connecting To" message.

6.Connect to Wi-Fi using Blynk.begin() function with authentication token, SSID and password.

7. Clear the LCD and display "Connected :-)" message. 8. Set up timer intervals for various functions

D. Temp Function

Figure 4: DHT11 sensor

1. Read temperature and humidity values from DHT sensors.

2. Send temperature and humidity values to Blynk app.

3. Print the temperature value to the serial monitor.

4. Clear LCD and display "TEMP: " followed by temperature value. Automatic water pumping system for smart
greenhouse.

5. If the temperature is greater than 34 degrees Celsius, turn on the buzzer, and fan turn off the bulb, and Display
"HIGH TEMP DETECTED" on the LCD.

6. Send an SMS notification with the message "HIGH TEMPERATURE" (if not already sent).

7. If the temperature is less than 28 degrees Celsius, turn off the fan and turn on the bulb.

8. If the temperature is between 27 and 33 degrees Celsius, turn off the fan and bulb.

E. Water Function:

Pin 1- A0
Pin 2- DO
Pin 3- GND
Pin 4-VCC

Figure 5 Soil Moisture Sensor
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1. Read soil moisture level.
2. If the soil is dry (i.e., soil moisture level is high), turn on the water pump. Display "LAND IS DRY" on LCD.

Send an SMS notification with the message "LAND IS DRY" (if not already sent).
3. If the soil is wet (i.e., the soil moisture level is low), turn off the water pump. Display "LAND IS WET" in the

app.

F. Intruder Function

3.3v/sv
Operation Voltage

oo -
P
IR SENSOR CIRCUIT

~PINOUT DIGEST
Figure 6 Intruder Sensor

1. Read the value of the intruder sensor.
2. If an intruder is detected (i.e., the sensor value is low), turn on the buzzer and display "RODENT DETECTED"

on the LCD. Send SMS notification with the message "RODENT DETECTED" (if not sent in prior).
3. If no intruder is detected (i.e., sensor value is high), do nothing.

G. Sms () Function:

1. Send an SMS message to the mobile number provided as a global variable.

H. Light () Function:

Figure 7 Light Detecting Resistor

1. Read the value of a Light Dependent Resistor (LDR) using digitalRead(1dr) and Print assign it to variable “k”.
2. Print the LDR sensor value using Serial.printin(). 3. If the value of "k" is HIGH, then Write "DARKNESS

DETECTED" to Blynk virtual pin V3 using Blynk.virtualWrite().
4. Turn on an LED using digitalWrite() Print "DARKNESS DETECTED" using Serial.printIn().
5. Else, write "BRIGHTNESS DETECTED" to Blynk virtual pin V3 using Blynk.virtualWrite() Turn offthe LED

using digitalWrite().
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VI.  CONCLUSION
In conclusion, the automatic water pumping system for smart greenhouse using hybrid energy is a promising

prototype that provides an efficient and sustainable solution for irrigation in greenhouses. The system combines
solar and wind energy to power the water pump and automate the watering process, reducing the need for manual
labor and minimizing the use of fossil fuels. The project which is a prototype was successfully implemented and
tested, and the results showed that the system can effectively water the plants in the greenhouse while maintaining
optimal moisture levels. The use of renewable energy sources also significantly reduced the greenhouse's carbon
footprint, making it a more environmentally friendly solution.
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