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ABSTRACT

Temperature and relative humidity are greenhouse
parameters necessary to nurture a sustainable living
environment. Various crops, particularly lettuces, require
optimum temperature and humidity conditions inside the
greenhouse for best possible yield. In this regard, a
greenhouse system for lettuce can provide the required
conditions and ensure that temperature and humidity are
distributed equally through the greenhouse. This study
focuses in creating a system that can control and monitor the
greenhouse environment through Arduino, temperature and
humidity sensor, cooling system, lighting, water pump and
fertilizer pump with sprinkler, display, and solar panel. The
control system for temperature and humidity is done through
a cooling system and lighting, moreover misting process will
be done with the use of water pump and a sprinkler. On the
other hand, monitoring process is done by a display, it will
show the actual temperature and humidity reading as well as
if the area needs fertilizer. More so, the system includes a
semi-automatic liquid fertilizer pump as utilization of
fertilizers likewise impact the development of greenhouse
crops. Controlling the functions of embedded systems is the
Arduino and the overall system is powered by a solar panel

1.0 INTRODUCTION

Hajdu (2021) defines greenhouse farming as a unique farm
practice of growing crops within sheltered structures covered
by a transparent or partially transparent material. It stabilizes
the growing environment for plants to cultivate as its main
purpose is to provide favorable growing conditions and to
protect crops from unfavorable weather and various pests. In
greenhouse farming, it is scientifically verified that moisture,
warmth, and light are needed in order for plants to grow[1].

Temperature determines the rate of crop development and
consequently affects growth period of the crops. Growth
starts at some minimum temperature (4-5°C) and as the
temperature increases, rate of plant growth increases until an
optimum temperature is reached. According to the Magazine
Greenhouse Management, some common greenhouse
problems are temperature swings and crops drying out due to
dehydration. Hence, neglecting to control the temperature

and humidity in the greenhouse can negatively affect the
crops.

Ideal humidity level ranges between 50% to 70% for
vegetative growth and 50% to 60% for flowering plants while
the ideal temperature for the vegetative plants is at 25°C and
flowering plants are 28°C. Under low humidity condition,
rate of transpiration increases and plants may wilt. When
humidity levels drop too low, the plants transpire at a rate
much quicker than that of nutrient uptake. The utilization of
fertilizers likewise impacts plant development.

According to Mr. Sherwin Rimas, an agriculturist on Tanauan
City Demo Farm, the greenhouse is in need of a system that
can control the environment for the crop to maximize its full
potential. The high-value crops in the farm are broccoli, bell
pepper, and lettuce; however, lettuces are the most grown
crops in the greenhouse. Encouraged by the existing
problems, the researchers would like to design and implement
a solar-powered system that can control and monitor the
greenhouse’s environment. On the other hand, the difference
of the project from existing studies is the semi-automatic
liquid fertilizer pump. The system is powered by a solar
panel. The system to be designed and implemented is
significant to greenhouse farming; more so, will solve various
problems being encountered by greenhouse farmers and
growers.

1.1 Objective of the Study

The study aims to design and implement a solar-powered
greenhouse system using microcontroller that can control
temperature and humidity, and have a semi-automatic
fertilization process.

2.0 REVIEW OF RELATED WORK

2.1 FPGA-Based Battery Energy Storage System Using
Solar Cells

In this study, Sujae (2014) stated that interfacing the
monocrystalline 100 watts and 12 volts solar panel with field
programmable gate array needs the output of the solar panel
be sensed and turned to the dividing circuit to suit the range
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of FPGA kit. Moreover, the reduced voltage and current are
given as the input of the microcontroller. The values
presented are taken to be an input for the ADC conversion.
The converted digital values are then implemented in MPPT
algorithm, in which the duty cycle of the switch is changed to
the calculated power. So, the constant output is achieved from
the converter[2].

2.2 Arduino Based Digital Temperature Sensor

The project is a temperature sensor by an Arduino Uno,
LM35 sensor, and other components. According to Bhalaaji
(2017), the primary objective of the project is to identify the
temperature of the surroundings and display it on an LCD
monitor. To summarize, the project begins with the utilization
of LM35 sensor which senses the change in temperature of
the surrounding. The temperature difference is used to
produce a voltage signal which is processed by the Arduino.
It then gives a digital output showing the temperature of the
given surrounding[3].

2.3 Automatic Solar Powered Fan for Regulation of
Temperatures in a Green House

According to Tarus (2017), the Greenhouse has the most
important role when it comes to agriculture to properly
support crops and avoid environmental conditions such as
high and low temperature, humidity, light etc. Rising and
falling temperatures in crops greatly affect growth and
controlling the temperature is expensive in electricity but
because of the Automatic Solar Powered Fan can be
controlled the temperature. When the temperature exceeds 30
° Celsius the fan will turn on and run and when it drops to 13
° Celsius the fan will still be on because there is still warm air
inserted in the pebbles that can circulate inside the
greenhouse. The Automatic Solar Powered Fan will maintain
the temperature inside the greenhouse what is the required
temperature range of a crop and moreover reduce the cost of
using electricity because it uses polycrystalline 100 watts and
12 volts solar panel. [4].

3.0 METHODOLOGY

3.1 Design Specifications

This section presents the basis of the design concept
including the list of components or material used to create the
system, the detailed operation and functionalities of the
greenhouse system that will help in the efficiency of the
proposed work, the actual and 3D setup, and the conditions
set in to the system.

Table 1. List of components that will be used in the Solar-
Powered Greenhouse System

Electronic Board Arduino Mega
Temperature and
Humidity Sensor DHT22
Lighting LED Light Bulb (12V, 1.5W)
Cooling System Oscillating Fan (12V, 25W)
Solar Panel Monocrystalline (12V, 100W)
Display LCD (16x2)
Battey Lead-acid (12V, 45A)
Water Pump Submersible (12V, 4.2W)
Fertilizer Liquid Fertilizer

Table 2. Working Characteristics of the System

Characteristics System
Operating Voltage 12V
Operating Current 12.87A
Maximum Power 154.4W

Consumption

Temperature Range | -40-80°C with a + 0.5° Accuracy

Humidity Range |0-100% RH with a £2-5% Accuracy

Sampling Rate 0.5Hz (once every 2 seconds)

G(eenhquse 2.9m x 3.2m x 2m
Dimensions

Greenhouse Style Shade Clothed Tunnel
and Design Greenhouse

Fig. 1. 3D Model
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Fig. 2. Actual Setup

3.1 Block Diagram

The control system of the proposed solar powered greenhouse
system for lettuce is presented to provide an overview of the
input and output ports, system components, principal process
participants, and working relations.
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3.2 Flow Chart
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Fig. 4. Flow chart

Once the system is on, the LCD will display “Does the area
needs fertilizer?” This question is for the farm worker to press
the push button within 10 seconds. If the farm workers would
be able to press the push button, the fertilizer pump will start
releasing the liquid fertilizer and the sprinkler will
automatically spray the area. While putting fertilizer, the
system will ask again the operator if the fertilizer is totally
consumed. If YES, the operator should press again the push
button to stop fertilization, and proceed to temperature and
humidity reading (30 seconds). If NO, the question will be
continuously displayed, until the push button is pressed.
However, when the push button is not pressed within 10
seconds after initialization, the system will automatically go
to temperature and humidity reading (30 seconds); then
compute its average reading; and will show the actual reading
through the LCD. The system will check if temperature and
humidity are on its ideal ranges. If YES, the peripherals
(exhaust fan, light and water pump) will be on a standby
mode. Then if NO, it will move along the other temperature
and humidity control system listed below.

Table 3. Condition Set in the System

Conditions

Temperature | Humidity Control System
Ideal® Ideal® Peripherals Standby
Ideal? High® Turn on Fan
Ideal® Low' Turn on Misting
High® Ideal® Turn on Fan
High® High® Turn on Fan
High® Low' Turn on Misting and Fan
Low® Ideal Turn on Light
Low¢® High® Turn on Light
Low¢® Low' Turn on Light and Misting

]deal in Temperature’s Row means temperature is in 21°C to 32°C,
®High in Temperature’s Row means temperature is greater than 32°C,
CLow in Temperature’s Row means temperature is less than 21°C.
d41deal in Humidity’s row means relative humidity is in 50% to 70%,

¢ High in Humidity’s row means relative humidity is greater than 70%,
¢Low in Humidity’s row means relative humidity is less than 50%.

The following adjustments in the control system might
cause non ideal changes in temperature and humidity while
in operation; thus, the system will continue asking if the
parameters are on its ideal range. After meeting the desired
temperature and humidity range, the peripherals will be
automatically slept and the operation stops.

4.0 RESULTS AND DISCUSSION

4.1 Solar Powered Greenhouse System Test Results
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Table 3. Test Results 4.1.2 Condition: Temperature is High; Humidity is Ideal
Measured Conditions Test
.. Control System Function
Temperature | Humidity Result

29.20°C | 69.30% |Standby peripherals| Successful
35.90°C | 59.60% Turn on Fan Successful
30.40°C | 75.10% Turn on Fan Successful
20.80°C | 68.70% Turn on Light Successful
30.10°C 48.50% | Turn on misting Successful Fig. 5. Temperature: T>32°C; Relative Humidity: 50%-70%
33.40°C | 78.80% Turn on Fan Successful
Turn on Misting &

20.60°C 47.90% . Successful
Light
32.80°C | 48.60% | U™ O“F';”r:s"“g& Successful

20.30°C | 76.90% Turn on Light Successful

With the reference to Table 3, conditions set on the system,
Table 4 is the test result of the experiment. Each condition
has been tested and examined to check the quality,
performance, and reliability of the solar- powered greenhouse
system for lettuce to the particular circumstances due to
temperature and relative humidity fluctuations. The figures
below are the proof that the system is working.

Fig. 6. Turn on Fan

4.1.1 Condition: Temperature is Ideal; Humidity is Ideal

4.1.3 Condition: Temperature is Ideal; Humidity is Low

Fig. 4. Temperature: 21°C to 32°C; Relative Humidity: 50%-70% . . o
Fig. 7. Temperature: 21°C to 32°C; Relative Humidity: RH>70%)

Fig. 8. Turn on Fan

Fig. 4. Standby Peripherals
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4.1.4 Condition: Temperature is Low; Humidity is Ideal 4.1.6 Condition: Temperature is High; Humidity is High

Fig. 9. Temperature: T>21°C; Relative Humidity: 50%-70% Fig. 13. Temperature: T>32°C; Relative Humidity: RH>70%

Fig. 14. Turn on Fan
Fig. 10. Turn on Light

4.1.7 Condition: Temperature is Low; Humidity is Low

4.1.5 Condition: Temperature is Ideal; Humidity is Low

Fig. 15. Temperature: T<21°C; Relative Humidity RH <50%
Fig. 11. Temperature: 21°C to 32°C; Relative Humidity: RH <50%

Fig. 16. Turn on Misting and Light

Fig. 12. Turn on Misting
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4.1.8 Condition: Temperature is High; Humidity is Low

Fig. 17. Temperature: T>32°C; Relative Humidity: RH<50%

Fig. 18. Turn on Misting and Fan

4.1.9 Condition: Temperature is Low; Humidity is High

Fig. 20. Turn on Light

5.0 CONCLUSION

The proponents were able to develop a solar-powered
greenhouse system for growing lettuce that can control
temperature and relative humidity and embedded a automate
misting process through the use of Arduino. The system was
also able to display the temperature and humidity of the area.

6.0 RECOMMENDATIONS

The solar-powered greenhouse system for lettuce can also be
utilized in different kinds of crop or plant that and can be
installed in different agricultural areas or houses especially
places with extreme and/or very low temperature and/or
relative humidity. Lastly, to be able to utilize the system in a
more efficient manner, closed setups for greenhouse are more
advisable.
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