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Due to the increasing concern on how to manage wastes and ensure
environmental safety across the globe, a new tool that assists in the
monitoring of methane, humidity, and temperature in the landfill using
internet of things (loT) has been created. This system uses ESP32
microcontroller and MQ-4 and DHT-22 sensors to measure environmental
conditions at three different spots in a landfill. The samples of data are
collected at three times a day, that is, in the morning at 7:00 am, at midday at
12:00 pm and in the evening at 5:00 pm and the data is transmitted to an
online sheet where the public can access it in real time hence increasing
transparency in the management of wastes. The tool shows a very good
precision and effectiveness and the parameters are 94. 6% data integrity over
three months testing period. The first findings show that the mean methane
concentration is the highest at midday, which is related to the temperature
and underlines the role of temperature in the methane emission process.

The presented 10T based monitoring system also enhances the accuracy and
efficiency in the monitoring of landfill gas and at the same time reduces the
intervention of human effort and increases the capability to make prompt
adjustments to changes in the environment. Used as an instrument for
obtaining accurate and easily understandable data, it is hoped that this tool
will in some way help to enhance global environmental health and safety
standards, and help pave a way for methane storage for renewable energy
purposes.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:

Mochammad Junus

Department of Electrical Engineering, State Polytechnic of Malang
Malang, East Java, 65141, Indonesia

Email: mochammad.junus@polinema.ac.id

1. INTRODUCTION

The internet of things (loT) is changing the way connectivity and data are collected [1]-[12].
This has opened up new possibilities for environmental monitoring. A very important area of 10T application
is the creation of smart waste management systems that employ sensors and communication devices to
measure the level of gas emissions in real time. Monitoring of the landfill gas is important because high
levels of the gases such as methane are dangerous to the environment and human health [13]-[21].

The current practices in the monitoring of landfill gas are tedious and involve regular measurements
by the environmental staff. This not only puts a lot of stress on the personnel but also puts them in a position
where they can easily overlook changes in the gas level which if left unchecked can lead to formation of
dangerous situations [22]. The World Health Organization (WHO) standards for landfill emissions are very
strict and this underlines the need to monitor the landfill emissions frequently and effectively [23], [24].

To address these challenges, the research has proposed an loT-based landfill gas monitoring tool
that is efficient, accurate, and user-friendly. This tool connects digital gas sensors which are accurate with
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notification systems and data acquisition systems [25]-[31]. Through the use Google Sheets for storing
historical records, the tool avails important information on gas emissions to the environmental professionals
and the community in a timely manner.

From the case of using this loT-based monitoring tool, it has been evident that the monitoring of
landfill gases has been enhanced in terms of accuracy and efficiency. From the first observations, it is
possible to conclude that the amount of manual work has been decreased and the ability to respond to
changes in the gas level has been improved. This tool enhances the management of environmental issues that
focus on sustainability and health.

2. METHOD
2.1. System design

The purpose of this system is to explain how a three point landfill gas monitoring system works.
It includes an ESP32 microcontroller, an MQ-4 methane sensor, and a DHT-22 temperature and humidity
sensor for monitoring the environmental conditions at a landfill. The locations of the sensor readings are
depicted in Figure 1. Each subsystem is located roughly 5 meters apart from each other.

In Figure 2 it is explained that the operational process begins with thelt has an automatic time table
for the collection of data under the system. When triggered, the MQ-4 sensor detects the concentration of
methane gas within the landfill site, while the DHT-22 sensor captures the temperature and humidity of the
site. These sensors capture information that is relayed to the ESP32 microcontroller where the analog signals
are quantised. The processed data is then shown on an LCD which is installed in the system to give the user
feedback on what is happening. Furthermore, with the help of the built-in Wi-Fi capability of the ESP32 [32],
this data is transferred to an online server for computation and storage. The data is stored at Google
Spreadsheet where the landfill gas parameters are updated frequently and the historical data can be accessed.

Figure 1. System location in Batu landfill
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Figure 2. System flowchart
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The schematic and system architecture is depicted in Figure 3 where it shows that the system
comprises of three subsystems that is strategically located at three different point in the landfill. The ESP32
microcontroller is integrated with each subsystem, and it is accompanied by an LCD display module for user
parameter result output. The subsystems transmit their sensor data to be displayed through Google
Spreadsheet employing ESP32 wifi connection.

In scientific context, this system is an example of a control and data acquisition system applicable in
automation applications in Electronic Engineering and Environmental Informatics. It properly and adequately
controls the emission of landfill gas, uses the microcontroller to process signals and data, identifies gases
using the methane sensor, and measures environmental temperature and humidity. This integrated system
guarantees the efficient control and prompt notification of the condition of the landfill sites, contributing to
the safety and efficiency of the data collected.
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Figure 3. System architecture

2.2. Linear regression

To determine the correlation between the data obtained using MQ-4 and DHT-22 sensors and the
environmental conditions they record, linear regression was used [33]-[35]. The MQ-4 sensor measures the
concentration of the gas present in the environment like the carbon dioxide while the DHT-22 sensor
measures temperature and humidity. Because these sensors offer raw voltage outputs, it is significant to
convert these voltage levels into meaningful and accurate environmental data. Linear regression, therefore,
enables one to develop the right calibration equations in order to accomplish this.

Linear regression is a parametric technique that tries to establish the linear relationship between one
or more independent variables (e.g. sensor voltage readings) and one dependent variable (e.g. gas
concentration, temperature, or humidity) within a dataset. In this study, there was a correlation done between
the sensor outputs of MQ-4 and DHT-22 with the environment. The basic concept comprises assuming linear
equations that contain the fundamentals of the observed data in order to facilitate predictive modeling and
inferential analysis. In its simplest form, a simple linear regression model is expressed with (1):

y=Pot+Pix+e 1)

where y is the dependent variable (e.g., gas concentration, temperature, or humidity), x is the independent
variable (voltage reading from the sensor), S, is the intercept, B, is the slope, and e is the error term.
The primary objective in linear regression is to optimize the parameters S, and 8, to minimize the residual
sum of squares.
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2.3. Data integrity

The system was tested for 3 months, starting from April 1%t — July 1% 2024. A data is sampled three
times a day at 7 am, 12 pm, and 5 pm. At 7 am, the garbage collection trucks just arrived at the landfill and
dump the load for the day. At 12 pm the sun is at its peak, and at 5 pm, the sun is starting to set. The integrity
of the data means all data from all three subsystems must be recorded on the Google Sheet. There are 92 days
from April 1%t to July 1. This means the total data can be calculated using (2).

Ideal = n X subsystems X s 2
where:
Ideal : the total number of data
n : total days
subsystems : the number of subsystems deployed
s : sampling number

3. RESULTS AND DISCUSSION
3.1. Sensor calibration

MQ-4 sensor for methane is calibrated using combination of two methods: testing the sensor using
known methane calibration gas and using calibrated methane measuring tool. Figure 4 shows the relationship
between methane reading of MQ-4 sensor and controlled methane level. The Y label represents MQ-4 sensor
reading and the X axis represents the known methane level from calibration kit and other measurement
instrument. The calibration result MQ-4 sensor is using (3).

x = —>—+7.2579 (3)

T 2.0207

DHT-22 sensor for temperature and humidity is calibrated using a hygrometer for humidity and a
temperature gun for temperature reading. The testing for the temperature function and humidity function of
DHT-22 are done separately. Figure 5 shows the relationship between the temperature reading of the DHT-22
sensor and the temperature gun. The Y label represents DHT-22 sensor reading and the X axis represents the
known temperature from the measurement instrument. The calibration result for DHT-22 temperature reading
is obtained in (4).

x=2%_359 @)

942

Figure 6 shows the relationship between humidity reading of DHT-22 sensor and hygrometer
reading. The Y label represents DHT-22 sensor reading and the X axis represents the known humidity from
measurement instrument. The calibration result for DHT-22 temperature reading is obtained in (5).

x = —— 4 0.3035 (5)
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Figure 4. MQ-4 calibration
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Figure 5. DHT-22 temperature calibration
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Figure 6. DHT-22 humidity calibration

3.2. Data integrity test

The number of data combined methane, temperature, and humidity passed through during the testing
in ideal condition is calculated in (6). In ideal condition, the number of data collected should be 828 data
divided on three subsystems. These data will be stored in Google Spreadsheet.

Lgata =92 X3 X3 (6)
Y gata = 828

After three months of experiments, we obtain 784 data stored in Google Spreadsheet. This means
the efficiency of this system can be calculated using (7). The overall efficiency of the loT system is 94.6%.
This means in average each subsystem losts around 14 data points monthly.

Efficiency = f;T“;‘l‘ x 100% (7
Efficiency = % X 100% = 94.6%

3.3. Data corelation
After three months of testing, the trends can be seen in Table 1. We take the average of each testing

time to see the correlation between time, temperature, and humidity in landfil setting. From the data above
we can get several angles. We can see that methane level in the landfill is higher at 12 pm. This is 60.3%
higher than at 7 am and 47.8% higher than at 5 pm. This findings correlate with the temperature trend.
At high noon, the average temperature is at its peak. This means temperature is proportional with methane
level, as decomposition rate of the landfill trash speeds up with heat. But relative humidity on the other hand
is perpendicular with temperature. It falls as the temperature rises.
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Table 1. Sensor reading data
Average  Methane (parts per million)  Temperature (°C)  Humidity (%)
23 43

7 am 2120
12 pm 3400 30 32
5pm 2300 25 41

4. CONCLUSION

In conclusion, this research introduces an loT based landfill gas monitoring. This system can
transmit data from three points in a landfill. Each reading points consists of an ESP32 as the processor, MQ-4
sensor to read methane level, and DHT-22 sensor to read environment temperature and humidity. There are
three times of reading which are at 7 am, 12 pm, and 5 pm. All three points are connected via wifi which then
send the data to be stored in a Google Spreadsheet which can be monitored in real time. This system can
achieve 94.6% efficiency in data transmission accross three months of testing. From the study, we can
conclude that methane level is directly proportional with the surrounding temperature. When the sun is at its
peak at 12 pm, the temperature rises, as well as the methane level. But the temperature is the inversely related
to relative humidity. When the temperature rises, the humidity falls. Additional studies could focus on
expanding the monitoring system to include additional environmental parameters, such as air quality indices
and other greenhouse gases. Moreover, the methane monitoring can be used to integrating methane storage
for renewable energy purposes.
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