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Abstract

The increase in population impacts several environmental sectors, particularly the use of natural gas energy for
household needs, such as LPG (Liquefied Petroleum Gas). This has resulted in the depletion of natural gas
reserves and a rise in LPG imports. Additionally, the growing population contributes to the accumulation of
household waste, which can lead to excessive leachate production and greenhouse gas emissions. This issue is
particularly concerning in developing countries like Indonesia due to its negative environmental impact. This
research aims to provide a solution and contribute to reducing household waste accumulation by utilizing organic
waste to create renewable energy in the form of biogas as an alternative to LPG. Biogas is produced through the
fermentation of organic waste. Nutrient-rich fluids containing sugar can enhance the performance of
methanogenic bacteria in biogas formation. In this study, we conducted nutritional testing on molasses and
coconut water to determine which nutrients optimize biogas production efficiency by monitoring the pressure of
the generated biogas. Generally, biogas comprises methane and carbon dioxide. It is important to note that
excessive methane can lead to explosions, while high carbon dioxide levels contribute to greenhouse gas
emissions. The quantities of methane and carbon dioxide produced during biogas generation can be influenced by
temperature and humidity. Therefore, monitoring pressure, temperature, humidity, methane, and carbon dioxide
levels in the biogas production process using the Internet of Things (1oT) is a prudent approach. The results
indicate that a substrate mixed with molasses produces biogas at twice the pressure compared to coconut water.
Furthermore, optimal biogas production with ideal methane and carbon dioxide levels occurs at temperatures
between 25-35°C under high humidity conditions. This suggests that mesophilic methanogenic bacteria thrive in
tropical climates.
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1. Introduction This affects several environmental and economic
sectors, particularly the use of natural gas for household
needs, such as Liquefied Petroleum Gas (LPG). This
has led to the depletion of natural gas reserves and an
increase in LPG import levels [2]. This is supported by
data recorded by the Ministry of Energy and Mineral
Resources, as follows:

Indonesia has the fourth-largest population in the world
[1]. According to data from the Central Statistics
Agency, Indonesia experienced an average population
increase of approximately 2 million people per year
from 2019 to 2022, as shown in Table 1.

Table 1. Indonesian Population Data

From Figure 1, the Ministry of Energy and Mineral
Year 2019 2020 2021 2022 Resources notes that natural gas production in
Population (million) 2706 2735 2758 277.7 Indonesia has decreased significantly since 2019 and
will continue to decline until 2022.
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in the electricity generation sector, 0,2-1% in the
household sector, and the remainder in the
transportation and commercial sectors. Consequently,
the household sector, which receives only a 0,2-1%
share of natural gas, impacts the amount of local LPG
gas production, which cannot meet the needs of the
Indonesian people. As a result, imports of LPG gas from
abroad have increased, as noted in Figure 2 and Table
2.

Table 2. Comparative data on production, imports and demand for
LPG gas in Indonesia

M Proven Potential

Figure 1. Indonesia's Natural Gas Reserves 2016-2022

The use of natural gas in Indonesia is divided among
several sectors: 60-65% in the industrial sector, 20-25%

Parts Year

2019 2020 2021 2022
Production 194 192 19 199
(million tons)
Import 571 64 634 674
(million tons)
Requirements (million tons) 777 802 836 856

Million Tons

2019 2020

s Production

e mport

2021 2022

Requirements

Figure 2. Comparison graph of production, imports and demand for LPG gas in Indonesia

Apart from that, the increasing population contributes
to the growing accumulation of household waste. This
is supported by data recorded in the Waste Management
Information System by the Ministry of Environment
and Forestry, which tracks waste accumulation in
Indonesia annually as shown in Table 3.

Waste Type
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Other
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Table 3. Total Waste Accumulation in Indonesia (2019-2022)

Year  Amount of waste accumulation (million tons)
2019 67,8

2020 69,8

2021 705

2022 72

—e— Total Waste (Million Tons) - 72

'
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Figure 3. Waste Composition in Indonesia (2019-2022)
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Figure 4. Sources of Garbage Accumulation in Indonesia

Figures 3 and 4 show that the average waste
accumulation in Indonesia is approximately 38.2
million tons per year, predominantly consisting of
organic waste, with households generating the largest
share. Additionally, the Ministry of Environment and
Forestry has reported annual achievements in waste
management, indicating that 61.79% of waste, or about
23.6 million tons per year, is managed, while
unmanaged waste accounts for 38.21%, or 14.6 million
tons per year. This situation raises significant concerns,
particularly among the populations of developing
countries like Indonesia, due to its negative
environmental impacts, such as excessive leachate
production and greenhouse gas emissions [3].

In response to this phenomenon, the Indonesian
government has made efforts to expand natural gas
exploration and enhance the development of renewable
energy [4]. This research aims to contribute to the
advancement of renewable energy, particularly in the
household sector. As previously mentioned, liquefied
petroleum gas (LPG) is the most commonly used
natural gas energy source in households. Additionally,
households are the largest contributors to organic waste
in Indonesia. This organic waste can be utilized to
produce biogas as a renewable energy source, serving
as an alternative to LPG.

Biogas is formed through a natural fermentation process
that involves two types of fermentation: aerobic and
anaerobic. The key difference between these two is that
aerobic fermentation requires oxygen, whereas
anaerobic fermentation does not [5]. Generally, the
biogas  formation  process utilizes anaerobic
fermentation, as it allows for production in an airtight
environment, ensuring that the biogas generated
maintains sufficient pressure for daily needs [6]. This
fermentation process relies on bacterial activity,
particularly methanogenic bacteria, to produce biogas.
There are two categories of methanogenic bacteria:
mesophilic methanogenic bacteria, which thrive at
temperatures ranging from 25-35°C, and thermophilic
methanogenic bacteria, which operate at temperatures
ranging from 40-60°C [7]. To optimize the biogas
production process, it is recommended to place the

digester tube in a controlled temperature environment,
such as indoors. Given that this research was conducted
in Indonesia, where temperatures range from 30-35°C,
testing focused on mesophilic methanogenic bacteria.
Apart from temperature factors, methanogenic bacteria
can also be influenced by the substrate used and
nutritional factors [8]. Just like humans, bacteria also
need nutrition to maximize their potential [9]. In
previous research, using tofu liquid as a substrate along
with molasses and coconut water as nutrients produced
the following biogas pressure comparison:

Table 4. Biogas Pressure Comparison Between Molasses
and Coconut Water As Bacteria Nutrition

Biogas Pressure (psi)

No  Time Molasses Coconut Water
1 Dayl O 1

2 Day2 0 2

3 Day3 0 3

4 Day4 1,7 3,5

5 Day5 35 4

The data in Table 4 show that the nutrients used in
biogas production significantly influence the pressure
of the resulting biogas. This is particularly concerning
because, regardless of the quantity of biogas produced,
low pressure can hinder the ability to generate sufficient
heat for cooking. Therefore, this research tested the
same nutrients using a different substrate: household
organic waste slurry or ground household organic
waste.

Additionally, the selection of the digester tank design is
a crucial consideration, as the chosen material should
align with the specified requirements. Currently, there
are three available types of digester tanks. The buried
digester tank is commonly used due to its simple
construction and utilization of readily available
materials like cement, enabling a larger capacity. This
design effectively regulates substrate temperature by
being placed underground. However, it lacks flexibility
[10]. Furthermore, a semi-permanent digester tank
design has been implemented, which features stainless
steel, a material renowned for its corrosion resistance.
This innovative design boasts a capacity that is
equivalent to its predecessor [11]. Unlike the
permanently installed buried digester tank, this design
allows for the movement of the digester tank for regular
maintenance. However, the material used in this design
tends to absorb heat. Consequently, the digester tank
must be placed in a temperature-controlled indoor
environment, which limits its mobility. The last design
option is the portable digester tank, which is constructed
using HDPE (High-Density Polyethylene) material
[12]. This material is highly resistant to corrosion and
does not absorb heat. Although this design has a
relatively small capacity, its compact size provides
advantages in terms of mobility, making it highly
adaptable. A notable advancement in this design is its
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integration with a monitoring system that utilizes
sensors [13], [14].

Biogas typically consists of around 50-70% methane
and 25-50% carbon dioxide [14]. A high concentration
of methane makes biogas highly flammable and
vulnerable to potential explosiveness, while an
increased level of carbon dioxide can contribute to the
emission of greenhouse gases [15]- [17]. Therefore, it is
crucial to monitor the biogas production process
efficiently, including essential parameters such as
temperature, methane content, and carbon dioxide
content. This monitoring is necessary to achieve a high-
quality standard of biogas production [18].

Biogas production can be efficiently monitored using
the Internet of Things (IoT). The IloT is a
communication system that connects electronic devices
and enables effective biogas monitoring through the use
of various sensors. The data collected from these
sensors is then presented on a user interface for analysis
and observation [19].

This research is being conducted in the village of
Lebaksiu Kidul, Indonesia because of its significant
potential for developing initiatives in compost
production and organic waste utilization. The village
was chosen due to the identified lack of knowledge,
which is currently a major obstacle to effectively
utilizing organic waste. As a result, it is expected that
this research will open up new possibilities for organic
waste utilization.

_—-yinlet

Box A ”
(Biodigester Monitoring Sensors)” - X

outlet <~

Digester Tank

2. Research Methods

The research method is divided into two focuses: the
evaluation of biogas production efficacy, which
explores the optimal composition of substrates for
biogas formation, and the examination of the
relationship between temperature, humidity, and biogas
productivity.

2.1 Effectiveness of Biogas Production

The assessment of biogas production efficiency is
crucial to ensure that the resulting biogas has sufficient
pressure for regular use. Therefore, it is important to
carefully select a suitable biodigester in order to
facilitate an optimal biogas generation process.

Taking into consideration various factors such as
economic aspects, manufacturing feasibility, and
sustainability considerations, the portable digester tank
emerges as the most appropriate choice for this
investigation. Its compact design, with a capacity of 250
litres, contributes to reducing production costs, easing
maintenance  procedures, and simplifying the
installation of an Internet of Things (loT)-based
monitoring system.

That meets sustainability requirements. Figure 5 is the
design of the biodigester used. When evaluating the
effectiveness of biogas production, the parameters
being examined include the compositions of the
substrates under investigation. These compositions are
described as shown in Table 5.

T

Sensor Connecting Tap with Biogas
. %, £

P :
(Biogas Pressure Monitoring Sensor)

Gas Storage Tank

Figure 5. Design of the biodigester

Table 5. The compositions of substrates tested

No. Materials
substrate with a mixture of
household organic waste and
1. water
Em4 Bacterial Solution
Molasses Solution

substrate with a mixture of

Compositions

1:lorl:2

1,6 ml/L substrate
16 ml/L substrate

household organic waste and l:lorl:2

2. water
Em4 Bacterial Solution 1,6 ml/L substrate
Coconut Water 0,06 ml/ L substrate

The composition presented in Table 5 was formulated
by building upon existing research, albeit by utilizing
distinct substrate materials. Previous investigations
used tofu liquid as the foundation, whereas the current
study incorporates household organic waste as the
substrate [9]. The research outcomes include biogas
pressure readings recorded in PSI units by BMP180
sensors. These sensors are integrated with the Internet
of Things (1oT) system to display the data through the
Blynk application/web interface. The BMP180 sensor
is installed inside Box A, as shown in the circuit Figures
6and 7.
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Figure 6. Box A and the Blynk display

Figure 7. Box A Illustration

Table 6. Box A tools and purpose

No. Tools Purpose

1. Esp32 Microcontroller
2. BMP180 Pressure Sensor
3. 1865 Battery Power Supply

This testing is conducted over five days according to the
scheme in Figure 8.

Start

[

Collection of composition 1 and compesition 2
substrate materials

I

Monitoring biogas pressure via the BMP180
sensor

|

Biogas pressure data collection per day for 5
days

[

Finish

Figure 8. Testing scheme of the effectiveness of biogas production

2.2 Identification of Biogas Productivity and Quality

This study aims to investigate the relationship between
temperature and substrate humidity and how they affect
the activity of methanogenic bacteria. The variations in
biogas production will serve as evidence for this
correlation. The monitoring of temperature, humidity,
and biogas volume will be carried out using DHT11,
MQ-4, and MQ-135 sensors. These sensors will be
seamlessly integrated with Internet of Things (loT)
technology through the Blynk application/web
interface. The interface will then present the collected
data to the user [20], [21], [22]. These sensors are
installed inside Box B, as shown in the circuit Table 7,
Figures 9 and 10.

Figure 10. Box B Illustration

Table 7. Box A tools and purpose

No. Tools Purpose

1. Esp32 Microcontroller

2. DHT11 Humidity and Temperature Sensor
3. MQ-4 Methane Sensor

4, MQ-135 Carbon Dioxide Sensor

5. 10-watt Adaptor Main Power Supply

6. 1865 Battery 2" Power Supply

The testing is conducted by placing the digester tank
outdoors to capture data under significant temperature
and humidity variations. The duration of the testing is
four days with monitoring conducted twice daily, in the
morning from 05:00 to 07:00 and in the afternoon from
12:00 to 13:00. This setup facilitates the study of
whether different weather conditions impact biogas
productivity.

To provide a more comprehensive overview, the testing
setup can be depicted using the schematic in Figure 11.

Start

l

[ install the battery or adapter j

l

[ Monitor the temperature and humidity of the ]
H ng

ubstrate as well as the biogas content in the mornii
at 05.00-07.00 and in the afternoon at 12.00-13.00

|

Collect the data per day for 4 days

|

Finish

Figure 11. Testing scheme of identification of biogas productivity
and quality
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3. Results and Discussions

3.1 Effectiveness of Biogas Production Result

Pressure (PSI)

Day 1 Day 2 Day 3 Day 4 Day 5

Compositions 1 Compositions 2

Figure 12. Data of biogas pressure in 5 days

After analyzing the biogas pressure under two different
substrate  compositions, the data from the
aforementioned diagram can be compared in Table 8.

Table 8. Data of biogas pressure in 5 days

Biogas Pressure (PSI)

Times Compositions 1 Compositions 2
Day 1 0,9 0,6
Day 2 1,3 0,9
Day 3 2,1 1,1
Day 4 35 18
Day 5 4 2,1

Based on the data mentioned in Table 8, it can be
inferred that substrate composition 1, which used
molasses, produced biogas with a pressure that was
twice as high compared to substrate composition 2,
which used coconut water, during the entire 5-day
testing period.

The difference can be explained by the fact that
molasses contains a high amount of sugar, which acts
as a significant carbon source for anaerobic
microorganisms during fermentation. Sugar serves as
the main energy source for these microorganisms, so the
addition of molasses accelerates their growth and
activity, resulting in higher biogas production [23].

3.2 Identification of Biogas Productivity and Quality
Result

100
80
60

40 \/\/\/

20

Day 1 Day 2 Day 2 Day 3 Day 3 Day 4 Day 4
(05.00) (12000  (05.00)  (12.00)  (07.00)  (12.00)

Temp (°C), Hum (%)

e Temperature Humidity

Figure 13. Result of temperature and humidity measurement

__ 20000
S

& 15000
(%2}

S 10000
2
om

5000

0

Day 1 Day 2 Day 2 Day 3 Day 3 Day 4 Day 4
(05.00) (12.00) (05.00) (12.00) (07.00)  (12.00)

e Biogas

Figure 14. Result of biogas measurement

The data mentioned in Tables 13 and 14 was obtained
after a four-day testing period. Therefore, the quality
can be determined by analyzing Table 9.

Based on the presented data, it is clear that temperature
and humidity significantly affect the performance of
methanogenic bacteria. In addition, the conducted tests
suggest that the methanogenic bacteria responsible for
biogas production are mesophilic, meaning they thrive
in temperatures ranging from 25-31°C and under high
humidity conditions [24]. This is due to the placement
of the digester tank outdoors, where temperature and
humidity vary based on the weather in Indonesia, the
country where the testing took place. Conversely, the
activity of thermophilic methanogenic bacteria, which
thrive in high-temperature conditions, was not observed
in this experimental setup due to the unsuitability of
Indonesia's temperature conditions for their function.

Table 9. Data on the correlation of temperature and humidity with
biogas productivity

Times Temperature Humidity Biogas
(ppm)
Day 1 28,4°C 87,27 % 1.102
Day 2 (05.00) 24,18°C 92,29 % 9.197
Day 2 (12.00) 37,9°C 81,59 % 3.267
Day 3 (05.00) 24,96°C 91,66 % 17.562
Day 3 (12.00) 35,81°C 82,62 % 3.025
Day 4 (07.00) 27,16°C 86,83 % 4.252
Day 4 (12.00) 36,34°C 81,59 % 1.902

4. Conclusions

Overall, this research provides new insights into the
combination of biogas formation and the Internet of
Things. The testing focuses on two main points: biogas
productivity and evaluating the tools created.
Generally, the formation of biogas through the
utilization of organic waste in portable digester tubes
integrated with 10T presents significant opportunities
for developing renewable energy in developing
countries, particularly Indonesia. However, several
aspects require consideration. The sustainability aspect
became the primary focus following the success of this
research. Based on the tests conducted, it can be
concluded that the tools developed can still be further
optimized. For instance, the amount of biogas produced
does not correspond to the quantity of organic waste
being processed. A digester tube with a capacity of 250
litres can accommodate substrate from five houses per
month, but the resulting biogas output will not be
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proportional. This discrepancy reduces both the
effectiveness of biogas productivity and cost efficiency,
which are critical considerations for the sustainability
of this tool. Increasing the size of the digester tube is a
prudent option; this adjustment would enable a shift in
biogas production from a household scale to a village
scale. Digester tubes can be implemented using a large-
scale planting system, allowing the biogas produced to
be stored in 3 kg LPG cylinders and distributed directly
to the community, thus facilitating the use of biogas as
an alternative to LPG. In this context, collaboration
between the government and the community is essential
to foster a strong relationship through positive
initiatives in environmental empowerment and
renewable energy development.
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