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Cost-Effective Methane Monitoring in Biogas
Production: An Investigation Using MQ-4 Sensor
Technology

| Gede Artha Negara
Department of Mechanical Engineering
Bali State Polytechnic
Indonesia
artha_negara@pnb.ac.id

Ida Bagus Gde Widiantara
Department of Mechanical Engineering
Bali State Polytechnic
Indonesia
bagusgdewidiantara@pnb.ac.id

Abstract—Methane measurement is very important to
determine the calorific value of biogas fuel. Gas
chromatograph is a typical equipment used for measuring
methane content. However, this tool is costly and requires a
large amount of gas sample. The proper and low-cost device
for measuring methane content is the MQ-4 sensor. This
sensor can be linked to a microcontroller such as Arduino and
has a measuring range from 200 to 10,000 ppm. This study
aims to investigate the methane concentration from biogas
that is derived from cow manure (CM) and a blend of
municipal solid waste (MSW). The MQ-4 sensor was placed
inside the headspace of degister tank along with electric
circuits. The monitoring showed that the mean and standard
deviation was found to be 1.557 £+ 0.321% (for 7-day), 4.453 +
0.233% (for 14-day) and 3.294 + 0.091% (for 21-day). In
addition, the highest methane content was found in the CM
sample, reaching 3,603 ppm during 21 days retention time.
Comparatively, the methane concentration generated from
the blend of MSW sample showed, 1,959 ppm within the same
time period. Overall, this device provides reliable, affordable
and low-cost solution for methane measurement.
Additionally, the durability of the sensor is good for many
applications.

Keywords— methane, MQ-4, cost-effective, microcontroller,
renewable energy

NOMENCLATURE

CH, | Methane
ppm | Parts per million
AD | Anaerobic digestion
MSW | Municipal solid waste
cM | Cow manure

|. INTRODUCTION

In the last few years, greenhouse gas pollution has been
increasing rapidly. One of the main causes is methane gas.
Methane is a potent greenhouse gas. Methane gas emits
infrared radiation, leading to the greenhouse effect [1]-[3].
Methane is a gas that is produced as a result of microbially
activity under anaerobic conditions [4]. Generally, this gas
generated during the digestion process by organic waste
including kitchen waste, municipal solid waste as well as
cow manure, which is also known as enteric methane [5],

ISBN XXX-XXX-XXXX-XX-X

+ iThenticate

Page 5 of 12 - Integrity Submission

I Wayan Adi Subagia
Department of Mechanical Engineering
Bali State Polytechnic

adisubagia@pnb.ac.id

| Dewa Gede Agus Tri Putra
Department of Mechanical Engineering
Bali State Polytechnic

dewagedeagustriputra@pnb.ac.id

Daud Simon Anakottapary
Department of Mechanical Engineering
Bali State Polytechnic
Indonesia
daudsanakottapary@pnb.ac.id

Tjokorda Gde Tirta Nindhia
Department of Mechanical Engineering
Udayana University
Indonesia
tirta.nindhia@me.unud.ac.id

[6]. Anaerobic digestion (AD) is a biological process that
breaks down organic materials, including cow manure. The
methane consentration determines the calorific value of
fuels from biogas [7], [8]. The higher the methane
concentration, the higher the calorific value of the fuel. In
order to measure the concentration of methane gas, a gas
chromatograph equipped with a thermal conductivity
detector is a device that is typically used in a laboratory.
Another device for detecting methane composition in
biogas or sewer lines is an infrared sensor GEM2000/5000.
Both instruments have drawbacks such as being costly and
requiring a large quantity of gas sample [9].

The inexpensive instrument for methane measurements
is the MQ-4 sensor. This sensor operates based on the
change in metal oxide semiconductor material
conductivity. The approximately price of this sensor is
Rp90,000.00. The MQ-4 sensor generally has a response
time range of several seconds and can measure from 200 to
10,000 ppm of methane gas [10]. This sensor can be
operated with an environmental temperature between-10°C
and 50°C. Additionally, the sensor can be connected to
microcontroller such as arduino for data acquisition.
Several sensors inluding the MQ-2, also have the capability
to detect methane gas. However, the sensitivity of the MQ-
2 is lower compared to the MQ-4 sensor [11]. The MQ-2
sensor is a general-purpose sensor that detects a variety of
gases and is not as sensitive for methane detection
specifically as the MQ-4. Subsequently, the MQ-4 sensor
is more effective and selective towards methane gas. This
indicates that the MQ-4 can distinguish methane from
different gases [12].

The study by sucipto et al. [13] designed a device for
methane detection based on a microcontroller. The study
utilized the MQ-4 sensor for methane detection and the
Arduino Uno as the microcontroller. The results of the
measurement were not provided in detailed. However, the
study mostly focuses on the coding program. Kristian and
David [14] also introduced a dangerous gas monitoring
system using the Internet of Things. The MQ-4 sensor was
used for measuring methane and the ESP8266 was used for
10T devices. The study discussed integrating the sensor into

1
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IoT platform. Both studies show similar drawbacks, as the
response of the MQ-4 sensor was not well investigated.
This issue can affect the accuracy of the MQ-4 sensor,
resulting in a lack of precision and reliability.

This study investigated the measurement of methane in
biogas using the MQ-4 sensor. The investigation was
conducted by assesing the response of the MQ-4 sensor
over various retention time periods to provide a
commprehensive methane measurement. The feedstock for
biogas is derived from cow manure and a blend of
municipal solid waste. The MQ-4 sensor was connected to
an arduino as a data logger and controller. Methane
concentration is measured in ppm (parts per million) by the
sensor. Methane results are accumulated during the
investigation. This study also shows the temperature inside
the digester tank.

Submission ID trn:oid:::3618:70230000

Il. METHOD

A. Materials

This study used two different types of substrates which
were cow manure (CM) and a blend of municipal solid
waste (MSW). Both feedstocks were selected due to their
massive availability especially in Indonesia. Globally, CM
contains approximately 18—20% volatile solids including
lignin, hemicellulose, cellulose, fats, proteins and
carbohydrates for a dry weight basis [15][16]. Therefore,
CM typically produces high amounts of methane gas. The
characteristics of CM can be seen in Table I. The specific
MSW employed in this study was carrot peels, tomato peels
and banana peels. This is due to their high nutrient and
carbohydrate content [17]. Additionally, tomato peels are
rich in nutrients and sugars like nitrogen, which also make
them readily degradable. Carrot peels have a lower content
of lignin compared to other vegetable wastes, as a result
they are easily degraded by anaerobic bacteria [18].

TABLE |. COW MANURE CHARACTERISTICS[16]

Element Unit Cow Manure
Volatile solids gVS/kg wet weight 120.7
Total phosphorous gP/kg VS 0.670
Total ammonia nitrogen gN/kg VS 0.233
Total solids gTS/kg wet weight 143.8
Total organic carbon %DM 50.2
Chloride ion Mg/kg DM 6990
CIN % 20.74
Electrical conductivity uS/cm 1226.5
pH 7.16
Carbon %DM 54.31
Hydrogen %DM 5.85
Oxygen %DM 37.04
Nitrogen %DM 2.8

B. Experimental setup of anaerobic digestion

The experimental schematic diagram can be seen in Fig.
1. The MQ-4 sensor was applied in this research to detect
methane content in biogas. The detailed specification of
MQ-4 sensor is shown in Table Il. In order to measure the
temperature inside the degister, a single k-type
thermocouple was employed in this research. This sensor
has a measurement range from 0°C to 1,024°C. Both
sensors were placed in the digester headspace and
connected to the necessary electrical circuit. A 10-liters
volume of plastic drum was used as the digester tank in this
study. The upper side of the digester was fitted tightly with
a nylon adapter and connected to Tygon tubing. The tubing
was equipped with a rubber septum for gas flow. The
temperature was maintained in mesophilic temperature
range during the fermentation process. An ATmega 2560
microcontroller was used in this study for data acquisition.
This microcontroller has 54 input pins and 16 output pins.

The technical details of the microcontroller are shown in
Table I11. An 12C LCD 20x4 was used in this research as
the display system for monitoring methane concentration.
In order to save the investigation data, an SD card module
equipped with 16 GB memory was used. The investigation
conducted a 21-day monitoring period. This duration was
selected based on the typical timeline required for the
anaerobic digestion process to complete its various phases
and generate biogas in large quantities. The monitoring
period ensuring that the anaerobic digestion process had
reached a stable state and was generating biogas in
significant quantities. This duration is commonly observed
in the literature and industry practices for optimizing biogas
production from various organic feedstocks. The actual
experimental investigation can be seen in Fig. 2.

TABLE II. TECHNICAL DETAILS OF THE MQ-4 SENSOR[9]
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Parameter Specifications
Model MQ-4
Sensor type Semiconductor

Standard encapsulation
Target gas

Loop voltage

Heater voltage

Load resistance

Heater resistance
Heater consumption
Sensitivity

Output voltage

Bakelite, Metal cap

Methane

<24V DC

5.0V+0.1V AC or DC

Adjustable

26Q+3Q

<950mW

Rs (in air) /Rs (in 5000ppmCH4) >5
2.5V ~4.0V (in 5000ppm CH4)

TABLE I1l. TECHNICAL DETAILS OF THE MICROCONTROLLER

Type Description
Microcontroller ATmega 2560
Operating voltage 5V

Input voltage 6-20V

Digital I/0 pins
Analog input pins

DC current per 1/0 pins
Flash memory

SRAM

EEPROM

Clock speed

54 (of which provide PWM output)

16

20 mA

256 kB of which 8 kB used by bootloader
8 kB

4 kB

16 MHz
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Fig 1. Schematic diagram of the investigation
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Fig 2. Actual experimental investigation of anaerobic digestion

I1l. RESULT AND DISCUSSION

A. Response of MQ-4 across different retention time

periods

Fig. 3-5 shows charactersistics of the MQ-4 sensor
across different retention time periods (7 days, 14 days and
21 days) of biogas. The measurements were taken directly
inside the anaerobic digester tank for approximately 300 s
in order to determine the response of the MQ-4 sensor at
various retention times. For the 7-day retention time, the
value fluctuated between 480 ppm and 490 ppm. For the
14-day retention time, the value was found to be between
1,900 ppm and 1,940 ppm. On the other hand, for the 21-
day retention time, the value fluctuated between 3,600 ppm
and 3,615 ppm. The mean and standard deviation
(expressed as % of mean) are based on different retention
time periods (7 days, 14 days and 21 days). From the Fig.

(3.
(=3
o

3, it can be seen the mean and standard deviation was 1.557
+ 0.321% (for 7-day). This relatively low percentage
suggests high measurement consistency at this early stage.
Furthermore, the mean and standard deviation was found
4.453 + 0.233% (for 14-day) as shown in Fig. 4. This
increase in both absolute retention time and relative
variability could indicate a buildup of methane in the
monitored environment or changes in the sensor's response
characteristics over time. Subsequently, Fig. 5 show the
mean and standard deviation was 3.294 + 0.091% (for 21-
day). This result was the lowest of all three time points.
This high consistency might indicate stabilization of
environmental conditions or sensor behavior. The
decreasing trend in relative standard deviation (0.321%,
0.233%, and 0.091% for 7, 14, and 21 days, respectively)
suggests an improvement in measurement precision or
increased environmental stability over time.

B
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Fig 3. Response of MQ-4 sensor for methane measurement over 7 days
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Fig 4. Response of MQ-4 sensor for methane measurement over 14 days
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Fig 5. Response of MQ-4 sensor for methane measurement over 21 days

B. Response of MQ-4 across different retention time

periods

Fig. 6 shows the cumulative concentration resulting
from a small anaerobic digester. At 3 days, it can be seen
there was a slight difference in methane production, which
was 124 ppm for CM and 121 ppm for blend of MSW. The
early digestion phase of methane production can be seen at
7 days. The methane concentration showed about 488 ppm
and 239 ppm from CM and the blend of MSW respectively.
Subsequently, biogas from CM was increased to 987 ppm
at 9 days. This phenomenon correlates to the exponential
methane generation phase as methanogenic bacteria yield

+ iThenticate Page 9 of 12 - Integrity Submission

biogas from volatile fatty acids during early hydrolysis and
acetogenesis steps [16]. At around 15 days, the methane
rate of CM was found to have sharply increased to 2,449
ppm and the methane concentration from the blend of
MSW was found to be lower about 945 ppm. This is
reffered to the heightened presence of organic substrates
inside the digester. The process of degradation has a longer
duration in microbial system due to the heightened
abundance of organic matters. Both CM and the blend of
MSW exhibited a similar trend in increase during
experiment period [19].
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Fig 7. Temperature monitoring inside anaerobic digester

From the monitoring, the highest methane production
was found in the CM which was 3,603 ppm at 21 days
experiment. On the other hand, the methane production in
the blend of MSW found to be 1,959 ppm at the same time
period. The significantly higher methane concentration of
CM can be attributed to its fiber-rich composition resulting
in ideal substrates for methanogenesis [20]. The
temperature monitoring inside the anaerobic digester can
be seen in Fig 7. From the monitoring, the temperature
during investigation was found to be over 30°C. This
phenomenon indicated mesophilic digestion, which has
temperature range 25°C to 40°C.

C. MQ-4 sensor roles for methane measurement

The device was employed to measure the methane
concentration of biogas produced from a small-scale
anaerobic digester. The small digester has been operated
for over ten months. The benefit of methane measurements
using MQ-4 sensor is that it provides reliable, affordable
and low-cost data. This sensor is easily associated with any
type of microcontroller and requires fewer electronic
components to operate. The MQ-4 sensor is a cost-effective
solution for methane (CH.) measurement. The
characteristics of the MQ-4 sensor, particularly its low cost
and ease of integration, make it a suitable choice for
research endeavors focused on methane measurement, such

Page 10 of 12 - Integrity Submission

as those related to biogas production, landfill gas
monitoring, or agricultural emissions quantification. In
addition, the affordability and accessibility of the MQ-4
sensor enable researchers to deploy multiple units, create
sensor networks, or incorporate the sensor into custom-
designed measurement systems, thereby enhancing the
scope and depth of their investigations.

IVV. CONCLUSION

The MQ-4 sensor has been investigated for methane
measurement in this paper. The investigated methane
variations were derived from biogas that was produced by
CM and the blend of MSW. It was found that the CM had
relatively higher methane concentration compared to the
blend of MSW. The CM was considered to be a good
feedstock for biogas because it generated high methane
production. The mean and standard deviation of the MQ-4
sensor was found to be 1.557 + 0.321% (for 7 days), 4.453
+ 0.233% (for 14 days) and 3.294 + 0.091% (for 21 days).
This means the sensor has good performance for methane
measurement. The high consistency might indicate
stabilization of environmental conditions or sensor
behavior. Additionally, the higher methane production was
found to be 3,603 ppm for CM and 1,959 ppm for the blend
of MSW. The rate of methane production increased during
the retention time.
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