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Abstract

Global warming remains one of the most detrimental by-products of industrialization. Fossil fuels contribute to the
majority of greenhouse gases emitted but remain a popular option for the generation of energy. An easy fix for this
conundrum is to utilize other forms of fuel for energy generation which burns cleaner and renewable as opposed to
fossil fuels. The aforementioned solution would be to use biomethane generated from waste products which burn
cleaner and comes from a renewable source. In this paper, an 10T based biogas monitoring system for biogas reactors
is proposed. An ESP-32 microcontroller system is deployed and tested to detect the presence of gas production. A
dashboard plotting the data obtained from sensors is designed to help user monitor parameters. Data obtained is
automatically uploaded to a Google Spreadsheet for data.

Keywords: Sensors; Biogas monitoring; Microcontroller; l1oT

1. Introduction

Fossil fuels have been lambasted for being one of the
main contributors of global warming. The burning of
fossil fuels releases harmful chemicals into the
atmosphere such as carbon dioxide and nitrogen oxides
into the atmosphere. Carbon dioxide contributes to the
greenhouse effect in which the heat from the sun is
trapped in the atmosphere. Since the mid-19th century,
the United States alone were responsible for a whopping
29% of carbon dioxide emissions by humans or

328,000,000 metric tons of carbon dioxide [1]. With the
increase in temperature comes the melting of the glaciers
which results in an increase in sea levels. The world
population continues to grow every year, and with that
the demand for energy also continues to grow. In big
countries such as China, it was estimated that the
population in 2021 was 1.43 billion and 543.98 million
in 1950 [2]. The increase in population also contributes
to the increase in urbanization of a country. With the
increase in urbanization comes the increase in energy
demand as well. China’s energy consumption in 2003
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reached 1678 million tonnes coal equivalent (or MTCE)
where coal consumption took up 67% of the total
consumption, oil taking up 23% and hydroelectricity and
natural gas being 7% and 3%, respectively [3]. This
shows that the burning of fossil fuels remains one of the
preferred fuels for energy generation.

With the continuous use of fossil fuels, comes the
detriment of the environment and eventual depletion of
this fuel source as fossil fuels are not renewable. A
promising solution for this is to use biogas as an
alternative to fossil fuels. The decomposition of waste
products such as animal manure and food wastes through
anaerobic digestion of different microorganisms creates
biogas as one of the end products of the decomposition
process [4]. All that is required by the average household
to create their own biogas is an affordable way to monitor
the biogas production.

0T helps connect previously unconnected and dumb
physical devices while simultaneously giving them the
intelligence to act on a command or situation. It is likely
that the integration of 10T technology and other industries
can change the mode of economic development, achieve
green growth and low-carbon economy [5]. loT
technology has been widely used in environment
protection, industry monitoring, food tracing source,
logistic trading and other fields [6]. In this paper, a
system that utilizes 10T to monitor components in a
biogas reactor will be presented.

2. Methodology and Experimental Setup

2.1. Materials

Biogas samples were obtained by mixing animal
manure and food waste in a blender and then adding
inoculum to the solution. Desiccant beads were included
in the biogas chamber to remove moisture.

2.2. Apparatus and Equipment

The microcontroller used for the data acquisition device
is an ESP-32. An MQ-4 semiconductor sensor was used
for the detection of methane. An MQ-135 sensor was
used to detect the presence of carbon dioxide in the air
while a DHT-11 sensor is used for detecting the presence
of temperature and humidity. A soldering set was used to
create a circuit board for the data acquisition device.
IFTTT protocol was used to constantly update a Google
Sheets file with the data obtained from the sensors.

2.3. Prototype Setup

The basic idea of the system is to monitor the biogas
generated in the biogas reactor and update the remote
database. The microcontroller collects data from the
sensors and then sends it to the Blynk mobile application
and Google spreadsheets via IFTTT. Fig. 1 shows the
overall architecture of the system proposed while Fig. 2
shows the system flowchart. The reactor contains a
mixture of inoculum, food waste and rabbit dung. Biogas
produced in the reactor travels from the reactor to a
mason jar containing the sensors of the data acquisition
device.

Fig. 1 Overall System Architecture
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Fig. 2 System Flowchart

Is data within
specified range?

The data acquisition device is placed together with the
biogas reactor. The device measures the methane gas as
well as carbon dioxide produced by the biogas reactor
and then uploads the data to Blynk’s database and a
Google spreadsheet via IFTTT. The data can then be
viewed on Blynk’s dashboard. The data acquisition
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device requires an active internet connection to send data.
A Telegram bot was created to receive alerts from the
device if the data is out of the specified range.

2.3.1 Preheating Process

The MQ-4 and MQ-135 sensors require initial
preheating before the sensors provide stable readings.
The datasheet advises that the sensors be given a 24-hour
period to preheat. The sensors were found to provide
stable readings after 12-hours from the start of power on.
The subsequent use of the sensors requires roughly 10-
minutes of preheating.

2.3.2 Sensor Calibration Process

The MQ-4 and MQ-135 sensors require calibration.
After the sensors were preheated and readings stabilized,
data from a reference sensor was used to assist in the
calibration process. Both readings were compared and
the difference in data was compensated for in the code
written for the ESP-32 microcontroller.

2.3.3 Data Acquisition Device fabrication

The data acquisition device consists of an MQ-4 sensor
to detect methane, MQ-135 sensor to detect carbon
dioxide, and DHT-11 to detect temperature including
humidity. The microcontroller used for the device is an
ESP-32. Fig. 3 shows the circuit diagram of the device.

Carbon Dioxide Sensor
w

Microcontroller

remperature and Humidity Sensor

Methane Sensor
"2
20k

Fig. 3 Data Acquisition Device Circuit Diagram

2.3.4 Blynk Dashboard and IFTTT

A dashboard was designed to show the data obtained by
the device. The dashboard displays the data in the form
of a graph and the value at an instance on a gauge. The
data is provided in PPM (Parts Per Million) over time.
Fig. 4 shows the dashboard as viewed on a computer and
Fig. 5 shows the dashboard on the mobile application.

Gas Detection for Biogas

Fig. 4 The dashboard on the computer

.,, - -
Fig. 5 The dashboard on the mobile application

2.3.5 Telegram Alert Function

A Telegram message bot was created to receive alerts
from the device in an event where a specific condition
has been met (Fig. 6). An example of this would be when
the methane or carbon dioxide levels drop below a certain
level or when methane is detected. When the methane or
carbon dioxide levels drop from a high concentration to
a lower concentration, it may signify that a leak is present
in the chamber and allows the user to perform data-driven
decision making.

/start 21.19 o

Welcome, lan.
Use the following commands to control
your outputs.

/notif_CO2_on to turn on CO2 notifications
/notif_C0O2_off to turn off CO2
notifications

/notif_CH4_on to turn on CH4 notifications
/notif_CH4_off to turn off CH4
notifications

Fig. 6 Telegram Alert Function

2.3.6 Test Setup

The first prototype was built and tested as shown in Fig.
7. From the labels in Fig. 7, one represents the reference
sensor, two represents the biogas reactor containing food
waste and animal manure, three represents the sensors in
a mason jar, and four represents the microcontroller.
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Fig. 7 Prototype test setup

3. Result and Discussion

3.1. Data Acquisition Device

In determining the sensor’s accuracy, the sensor
readings of the MQ-4 and MQ-135 were compared to a
secondary set of data obtained in clean air and in biogas.
The DHT-11 sensor data was compared with another
measuring device that measures temperature and
humidity.

Fig. 8 shows results of the MQ-4 sensor in clean air.
The sensor readings fluctuate slightly when compared to
the secondary set of data due to noise. Fig. 9 shows the
results of the MQ-135 sensor in clean air. The data shows
a similar trend when compared to the secondary set of
data in clean air. Fig. 10 and Fig. 11 shows the
comparison between the data obtained by the DHT-11
sensor and the reference measuring device. It was found
that the temperature data from the DHT-11 sensor
deviated about two degrees Celsius while the humidity
data was found to deviate about three percent. As the data
of the MQ-4 and MQ-135 fluctuates drastically, a
tabulation of data was created for comparison (Table 1).

Methane comparison graph
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Fig. 8 Methane comparison graph

Carbon Dioxide comparison graph
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Fig. 9 Carbon dioxide comparison graph
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Fig. 10 Temperature comparison graph

Humidity comparison graph
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Fig. 11 Humidity comparison graph

Table 1 Sensor Data in Clean Air

Sensor Data

o wos | US| s T
dioxide)

10 474 0 453
. 0 449 0 458
3 | 0 456 0 460
4 10 454 0 461
5 0 467 0 450
6 0 458 0 455
! 0 449 0 458
8 | 7 450 0 s
9 | © 451 0 455
0] 0 457 0 450
1] 7 449 0 e
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Sensor Data

e M| el o

dioxide)
12 3 457 0 456
13 8 454 0 453
14 1 461 0 456
15 0 460 0 458
16 9 446 0 459
17 0 457 0 456
18 0 453 0 458
19 0 457 0 462
20 0 454 0 463
21 0 448 0 462
22 0 456 0 460
23 5 457 0 461
24 2 455 0 465
25 1 464 0 466
26 4 465 0 461
27 3 453 0 462
28 7 446 0 461
29 0 467 0 458
30 3 440 0 461
31 4 465 0 463

Fig. 12 shows the results of the MQ-4 sensor in biogas.
It was observed that the MQ-4 sensor provided near
similar readings compared to the reference sensor until
near the end where a leak was likely the cause of the large
deviation. Fig. 13 shows the MQ-135 sensor in biogas.
The percentage of error was calculated using Eq. (1).

Act—Meas

Percent error =

Where;

Act= Actual reading
Meas= Measured reading

It was discovered that the MQ-4 sensor had an error of
less than 6% and was deemed accurate. It was discovered
that in higher carbon dioxide concentration, the MQ-135
becomes less sensitive and thus has a 41% error.
However, the MQ-135 did detect the presence of carbon

Gas Detection for Biogas

dioxide and is deemed acceptable. The data for Fig. 12
and Fig. 13 were tabulated in Table 2. The readings from
the DHT-11 were affected by the heat generated by the
MQ-4 and MQ-135. Due to the reference sensor being
placed in a separate compartment, the data of the DHT-
11 and reference sensor was different and was thus
omitted.

MQ-4 in Biogas

e
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Fig. 12 Comparison Between MQ-4 and Reference in
Biogas

MQ-135 in Biogas
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Fig. 13 Comparison Between MQ-135 and Reference in
Biogas

Table 2 Sensor Data in Biogas

N Sensor Data
° MO- | MO | Ref. (CHy) | Ref.(COY) ‘V(“gzgr "/("Ceg:’)r
1 432 881 444 1451 2.703 39.283
2 438 882 442 1462 0.905 39.672
3 430 887 437 1459 1.602 39.205
4 440 897 435 1452 1.149 38.223
5 438 885 432 1471 1.389 39.837
6 436 884 430 1466 1.395 39.700
429 883 428 1468 0.234 39.850
434 885 425 1476 2.118 40.041
9 419 892 423 1473 0.946 39.443
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N Sensor Data

’ MO | MO | Ref.(cHY | Ref. (CO2) ly("é:f)’ l’/("ggz’)’
10 | 428 890 421 1479 1.663 39.824
11 | 430 884 423 1482 1.655 40.351
12 | 434 886 425 1479 2.118 40.095
13 | 429 888 428 1485 0.234 40.202
14 | 436 980 432 1482 0.926 33.873
15 | 419 890 435 1488 3.678 40.188
16 | 434 877 440 1485 1.364 40.943
17 | 436 922 447 1484 2461 37.871
18 | 440 890 444 1487 0.901 40.148
19 | 445 885 442 1482 0.679 40.283
20 | 440 887 446 1475 1.345 39.864
21 | 437 889 442 1479 1.131 39.892
22 | 436 895 440 1484 0.909 39.690
23 | 435 892 447 1479 2.685 39.689
24 | 437 889 449 1485 2.673 40.135
25 | 436 889 451 1484 3.326 40.094
26 | 434 890 454 1490 4.405 40.268
27 | 438 892 456 1487 3.947 40.013
28 | 437 890 461 1493 5.206 40.388
29 | 439 892 463 1491 5.184 40.174
30 | 440 902 462 1486 4.762 39.300

*To save space methane and carbon dioxide has been

abbreviated to CH, and CO- respectively.

3.2. Power Consumption

The current draw of the sensors including the ESP-32
were pulled from the data sheet. The power consumption
was calculated using Eq. (2).

Power = Current xVoltage (2)

Table 3 shows that the estimated power consumption of
the device totals up to 2.702W. Although the power was
calculated using the maximum rated current draw from
the component’s respective datasheet, the actual power
consumption of the device could potentially be higher
due to energy loss in the form of heat.

Table 3 Power Consumption

Current Power
Component draw W)
(mA)

MQ-4 150 0.75
MQ-135 150 0.75
DHT-11 0.3 0.0015
ESP-32 240 1.2

Total 540.3 2.7015

3.3. Project Cost Analysis

The project cost analysis breakdown is shown in Table
4. Some of the components of the project such as the
wires and soldering iron were not taken into account for
as the cost is negligible due to only using a small amount.

Table 4 Cost Breakdown

Individual
Part . . Total
Price Quantity
name (MYR) (MYR)
ESP-32 15.00 1 15.00
MQ-4 5.20 1 5.20
MQ-
135 6.50 1 6.50
DHT-

11 4,90 1 490
PCB 1.00 1 1.00
Mason |14 09 1 10.00

Jar
Total 42.60

4. Conclusion

The design proposed in this paper is a scalable
solution to monitor the production of methane and carbon
dioxide within the biogas which are important parameters
to determine the efficiency of the biogas reactor. The
proposed design was tested and was deemed capable in
detecting the presence of biogas and carbon dioxide in

the biogas reactor.

Acknowledgment

The author would like to take this opportunity to thank
UCSI University, who provided the opportunity to
undertake the challenge to create this biogas monitoring
device. Besides that, the author would like to thank Dr.

©The 2024 International Conference on Artificial Life and Robotics (ICAROB2024), J:COM HorutoHall, Oita, Japan, 2024

787



Ayu Haslija from the chemical side of the university for
preparing the biogas samples. A massive thank you to Ir.
Noor Idayu Mohd Tahir for supervising this project.

References

1. K. A. Hossain, Global warming and impact to third
world countries,
http://www.ieomsociety.org/imeom/44.pdf  (accessed
Jul. 27, 2023).

H. Ritchie et al., “Population growth,” Our world in
Data, https://ourworldindata.org/population-
growth?utm_campaign=Weekly%2Bnewsletter%2Bof
%2BIgor%2BChykalov&utm_medium=email&utm_so
urce=Revue%?2Bnewsletter#citation (accessed Jul.20,
2023).

P. Crompton and Y. Wu, “Energy consumption in

China: Past trends and future directions,” Energy

Economics, vol. 27, no. 1, pp. 195-208, 2005.
doi:10.1016/j.eneco0.2004.10.006

P. G. Kougias and I. Angelidaki, “Biogas and its
opportunities—a review,” Frontiers of Environmental
Science & Engineering, vol. 12, no. 3, 2018.
d0i:10.1007/s11783-018-1037-8

R. Liu and J. Wang, “Internet of things: Application and
Prospect,” MATEC Web of Conferences, vol. 100, p.
02034, 2017. doi:10.1051/matecconf/201710002034

L. Wan, D. Sun, and J. Deng, “Application of IOT in
Building Energy Consumption Supervision,” 2010
International Conference on Anti-Counterfeiting,
Security and Identification, 2010.
d0i:10.1109/icasid.2010.5551509

Authors Introduction

Ammar Abdulaziz Al Talib
) He has finished his B.Sc and M.Sc degrees
e- in Mechanical Engineering from the
N University of Mosul/Irag. He has finished
his Ph.D degree from UPM University /
Malaysia. He is also a Chartered Engineer
and Member of the Institute of Mechanical
Engineers / UK. (CEng. MIMechE). He
has developed all the Postgraduate Programs at the Faculty
of Engineering at UCSI University / Malaysia and worked
as the Head of Postgraduate and Research department at
the same faculty for the years 2010-2018.

lan Hoh Wen Yang

He completed his Bachelor’s degree in
Mechatronic Engineering from UCSI
University, Kuala Lumpur. He is slated to
graduate in 2024.

Gas Detection for Biogas

Noor Idayu Binti Mohd Tahir
She graduated from University Teknologi
MARA, Malaysia in  Mechanical
Engineering. She was a design engineer in
oy oil and gas industries for 7 years.
‘ ZA Currently, she works as a lecturer under
N\ ~\ the Department of Mechanical and
Mechatronics, Faculty of Technology and Built
Environment, UCSI Kuala Lumpur. Her research interests
include design and autonomous robotics.

Ayu Haslija binti Abu Bakar
She received her B. Eng in Chemical
A‘. Engineering in  Universiti Teknologi
\ 1a Malaysia. She then received her Master’s
\‘f*/ degree and PhD in University Putra
- / Malaysia. Currently, she is a lecturer under
K "4 the Department of Chemical & Petroleum
Engineering in UCSI Kuala Lumpur. Her research interests
include Waste Management (solid & Liquid waste), Pup &
Paper (Development of antibacterial packaging,
nanocomposite), and Wastewater Treatment (Absorption
of pollutant in water & wastewater).

Nur Muhammad Afifi bin Zainal

He finished his B. Eng degree in Chemical
Engineering in  University Malaysia
Pahang. He then continued his M. Sc
degree in  University  Kebangsaan
Malaysia. He is currently pursuing a PhD
in University Putra Malaysia while
working for Tenaga Nasional Berhad

Research as a researcher under the Emission and Waste
Management Unit.

©The 2024 International Conference on Artificial Life and Robotics (ICAROB2024), J:COM HorutoHall, Oita, Japan, 2024

788



http://www.tcpdf.org

