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Abstract: The livestock sector's waste is a potential raw material for producing biogas because it is abundantly available.
This experiment aimed to understand the potential of two types of livestock waste to produce biogas. The two sources of
raw material were mixed with different variations. The results showed that the volume of fermentation gas produced from
livestock waste varied depending on the type and composition of the raw material used. Mixing was done to determine the
best variation in producing biogas from chicken litter and cow manure. The volume ratio of litter to cow manure used was
(0%:100%), (25%:75%), (50%:50%), (75%:25%), (and 100%:0%), with a total volume of 2 liters. In addition, 10% of EM-
4 (effective microorganism) was added to the mixture of livestock waste that had previously been given 2 liters of water.
The waste mixture was then fermented for 30 days. The fermentation process was carried out under mesophilic conditions
at room temperature and pressure. This study showed that the higher the concentration of chicken litter in the mixture, the
higher the carbon-to-nitrogen (C/N) ratio value. On the other hand, if there is a higher composition of cow manure in the
mixture, the substrate pH value will be higher. Furthermore, a 50%:50% composition of chicken litter and cow manure
produced a high volume of biogas. Similarly, the biogas formation rate in this composition showed the best performance.
These results prove that the balance of carbon and nitrogen composition, temperature, and substrate acidity significantly
affect biogas production.

Keywords: Biogas; Chicken Litter; Cow Manure; C/N Ratio.

Introduction

Ensuring equitable energy availability is a problem
that needs to be solved. This is necessary to prevent a wide
price disparity between regions. The depletion of energy
resources, particularly fossil fuels, due to increasing market
demand has led to efforts to find alternative fuel sources

[1].

One alternative to solve the above problem is
utilizing resources that have not been maximally managed,
especially those generated from the livestock sector. The
availability of livestock waste in Indonesia is a potential
resource for producing renewable alternative energy, such
as biogas.

Biogas is energy used as fuel from various waste
materials and byproducts, such as organic waste and animal
manure. Generally, biogas consists of 49% methane gas
(CHa), 45% carbon dioxide (CO,), 1-5% hydrogen (Hy),
0.1-0.5% oxygen (O2), 0-3% hydrogen sulfide (H.S), and
other impurities [2].

Some interesting things about biogas are that the raw
material source is abundant and easy to obtain. However,
biogas production is highly dependent on the biochemical
properties of the raw material. The differences in the
properties and characteristics of the raw materials greatly
affect the growth of anaerobic bacteria in the digester [3].
The differences in the source of raw materials will also
affect other things, such as the concentration of carbon and
nitrogen (C/N ratio), acidity level, and temperature inside
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the digester. These factors greatly affect the volume of
biogas produced [4].

Research has shown that various types of waste can
be used as raw materials for biogas production, individually
or in combinations of more than one type of waste. A
previous work discussed increasing biogas production by
mixing organic fractions of municipal solid waste with
agricultural waste [5]. This research was conducted by
testing the effect of adding various types of agricultural
waste, such as straw, vegetable waste, and fruit peel waste,
to the organic fraction of municipal solid waste (OFMSW)
in an anaerobic reactor for 60 days. The research showed
that adding agricultural waste can be a promising
alternative to increase biogas production from organic
waste.

Furthermore, the availability of nutrients and
micronutrients is crucial in supporting the growth and
activities of anaerobic microorganisms responsible for
biogas formation. The main challenges related to the
availability of nutrients and micronutrients may include the
variability in raw material composition. Raw materials used
for biogas production often have varying nutrient
compositions. Some organic waste or animal manure types
may lack the essential nutrients microorganisms need.
Therefore, formulating a mixture of raw materials with a
balanced nutrient content becomes challenging, especially
in agricultural or livestock waste that may exhibit high
variations [6].

Another thing that needs to be considered in
producing high biogas is nutrient requirements for
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microorganisms.  Anaerobic  microorganisms  require
specific nutrients to sustain their metabolic activities.
Essential nutrients such as nitrogen, phosphorus, and
potassium are needed in adequate amounts. Nutrient
deficiencies can inhibit the growth and reproduction of
microorganisms, reducing the efficiency of converting raw
materials into biogas [7].

A deep understanding of microorganism nutrient
requirements, analysis of raw material quality, and the
development of suitable mixture formulations are key to
overcoming these challenges. Additional strategies may
involve using organic fertilizers or adding external nutrients
into digesters to ensure an adequate nutrient supply and
maintain the necessary nutrient balance for microorganisms
in biogas production [8].

Another work discussed improving the anaerobic
digestion performance of corn silage, pig manure, and
wheat straw by inoculating waste-activated sludge. The
research showed that inoculation with waste-activated
sludge can improve the anaerobic digestion performance of
the mixture and can be a promising strategy to increase
biogas production and potential recovery in the anaerobic
digestion system [9].

Biogas production from chicken litter and its impact
on organic matter degradation and nutrient release have
also been conducted [10]. The results showed that using
biogas from chicken litter in energy production can reduce
the amount of agricultural waste disposed of and increase
plant nutrient availability.

Based on previous research, mixing two different
sources has the potential to produce a large volume of
biogas. Two livestock wastes that can be used as raw
materials for biogas production are cattle manure and litter
waste. This research will investigate the variation of
concentrations of these two raw materials on the volume of
gas produced and their C/N ratio.

Research Methods

The raw materials used for biogas production are
chicken litter waste, cow dung mixed with water, and
effective microorganisms (EM-4). The volume of EM-4
added to each digester is 10% of the volume of water. The
total volume of cow dung and litter waste is 2 liters, and the
total volume of water and EM-4 is also 2 liters. Therefore,
the ratio of raw materials and liquids used is 1:1. This result
aligns with previous research that found this ratio to be the
best for producing biogas [11].

The digester used for substrate fermentation has a
volume of 6 liters. The digester is then isolated using soil
with a thickness of 5cm. The soil is wrapped in a 50 kg bag
to maintain a constant digester temperature. The experiment
is carried out under environmental temperature and pressure
conditions. Therefore, the fermentation process applied is
mesophilic. Furthermore, the substrate fermentation is
carried out for 30 days.

The study used five different mixtures or samples:
G1: 100% litter (2 liters) and 0% cow dung.
G2: 75% litter (1.5 liters) and 25% cow dung (0.5 liters).
G3: 50% litter (1 liter) and 50% cow dung (1 liter).
G4: 25% litter (0.5 liters) and 75% cow dung (1.5 liters).
G5: 0% litter and 100% cow dung (2 liters).

The observations performed in this study are:

January 2024, Volume 19, No. 1: 99-106

Measurement of C/N ratio

The C/N ratio is measured using the Walkey and
Black method to determine its carbon content. Nitrogen is
measured using the Kjeldahl method. After determining the
carbon and nitrogen content, each ratio is calculated to
determine its C/N value.

Measurement of pH (acidity level)

After the substrate is ready for fermentation, the pH
of the substrate before and after fermentation for 30 days is
measured using a pH meter.

Digester temperature observation

Temperature observations are made after three days
of fermentation. The temperature of the material in the
digester is always measured with a thermocouple at the
same time to avoid large temperature differences on
measurement day. Temperature measurements are then
taken every three days.

Gas pressure measurement

This observation is made after three days of
fermentation with a measurement interval of 3 days. The
measurement is made by observing changes in the height of
the manometer U. Calculations are then performed to
determine the biogas pressure every three days. The gas
pressure can be calculated using Equation 1:

Pgas = Patm + pair. 9.h 1)
Where:

Pgas = gas pressure (Pa)

Patm = atmospheric pressure (Pa)

Pair = water density (kg/m?®)

g = gravitational force (m/s?)

h = height of the water in the manometer (m)

Gas volume measurement

This observation is made after three days of
fermentation with a measurement interval of 3 days. The
measurement is made by inserting the gas from the
container into a measuring device, as seen in the reference
[12]. This method is known as the water displacement
method.

The principle of the biogas volume measurement
device is as follows: First, water is added to pipes 2 and 1,
and then the gas holder is connected to pipe 1. After that,
pipe one is pulled up, and the gas in the gas holder
automatically enters pipe 1. The measurement of the height
changes in pipe one is then performed to obtain the volume
of biogas using equation 2:

V=1/4xnxDxh 2
Where:

\ = the volume of biogas formed

T =3.14

D = the diameter of pipe 1

h = the height change that occurs in pipe 1

The biogas production rate is measured to determine
the volume of biogas formed each day, which serves as a
benchmark for calculating the biogas production rate in
each digester tube. The biogas production rate can be
calculated using Equation 3:

V = V/day (3)
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Where:
\Y% = biogas production rate
\% = the volume of biogas formed in 3 days.

Results and Discussion

The effect of mixture variations on the C/N ratio

Results of the C/N ratio measurement of various
mixtures of raw materials for biogas production can be seen
in Table 1.

Table 1. Substrate C/N ratio

Sample C N CIN
Gl 42.1 1.05 40.22
G2 38.33 1.25 30.54
G3 34.48 1.38 25.03
G4 34.32 1.48 23.17
G5 30.32 1.41 21.50

The data in Table 1 shows that the higher the litter
content in the substrate, the higher the C/N ratio value will
be. Livestock waste generally has a higher nitrogen than
carbon content [13]. On the other hand, agricultural waste
usually has a higher carbon content than its nitrogen content
[14]. This can be utilized to improve the decomposer's or
bacteria's performance by mixing high N content of
livestock waste to provide an optimal C/N ratio for biogas
production. It was explained that substrate with a high C/N
ratio, when mixed with substrate with a low C/N ratio, will
provide an average input composition ratio according to the
optimal biogas production desired [15]. According to
previous work, the optimum C/N ratio for anaerobic
digesters ranges from 20-30 [16]. A C/N ratio that is too
high or too low will result in suboptimal biogas production.
The research results show that sample G1 has a C/N ratio
outside of the optimal condition mentioned.

Impact on acidity level (pH)

The substrate pH value in anaerobic digesters affects
the growth of methanogenic microorganisms and influences
several important compounds for the fermentation process,
such as ammonia, sulfide, and organic acids [17].
Therefore, the initial and final pH values must be measured
to determine whether the pH value suits the anaerobic
fermentation process for biogas. Methane formation occurs

Table 2. In-digester temperature
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within a relatively narrow pH range, which is around 5.5 -
8.5, with an optimal range between 7.0 - 8.0, and this
process will be inhibited if the pH drops below 6.0 or rises
above 8.3. Figure 1 compares the initial and final pH of
biogas fermentation.

8.0 -

7.0
6.0
5.0 1

pH value

4.0 1 m initial pH
3.0 1 mfinal pH

2.0

1.0 -
Gl G2 G3 G4 G5

Sample

Figure 1. Initial and final pH of substrate

In Figure 1, it can be seen that the final pH value
decreases. This indicates that the fermentation process in
the digester will change the pH value of the substrate.
According to other work, volatile fatty acids are formed in
one of the stages of anaerobic organic matter
decomposition, namely the stage of acidogenesis and
acetogenesis, which will lower the pH of the substrate [8].

Impact on in-digester temperature

The condition of the digester is one of the important
things in the fermentation process. It was stated that a good
reactor should be able to provide stable operational
conditions and not be affected by its environment [18].
Insulation made of soil wrapped with 50 kg sacks is used to
maintain the digester temperature stable. Temperature
observation data can be seen in Table 2. The table shows
that the temperature inside the digester is in the range of 24-
30°C. This temperature range is the best condition for
microorganisms to grow and develop. Also, it indicates that
organic matter degradation has occurred, producing
methane gas, CO», and heat. Temperature is an important
factor for microorganism activity in anaerobic biological
processes. Based on previous work, the best temperature
range for liquid waste is between 20-45°C and the liquid
waste is digested for 18-28 days.

In-digester temperature (°C)

Day

Gl G2 G3 G4 G5 Ambient temperature
3 28.2 28 28.2 27.6 27.2 31
6 28.7 28.4 30 28.5 27.7 31.5
9 28 28 30 29.5 30 30
12 29.5 29.3 30.4 29.6 30 31.7
15 29.2 29.5 31 29 30 32
18 28.8 27 29.3 28.2 29 30
21 26.8 27 29 28 29 29
24 25 26 29 28 28 29.3
27 255 25.7 28 27 27.2 30
30 25.5 25.3 28.8 27 27.7 31

Meanwhile, it was stated that methanogenic bacteria
are not active at very high or too low temperatures [19].
Satisfactory gas production occurs in the mesophilic range,

between 25-30°C. Biogas produced at temperatures outside
of this range have a higher carbon dioxide content. Based
on the previous research results, the current research results
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show similarities and indicate that the temperature in this
study is optimal.

Impact on in-digester pressure

The gas pressure generated can be determined by
observing the changes in the height of the gas pressure
measuring instrument. This U-tube manometer is carried
out once every three days. Furthermore, the gas pressure in
the digester during fermentation can be calculated using
Equation 1. The gas pressures generated in each digester
are shown in Figure 2. Figure 2 shows that the pressures
generated for each sample variation are different. In
samples G1 and G2, the pressure generated peaked on days
10to 12, 102422.6 Pa for G1 and 102540.2 Pa for G2.

Meanwhile, for samples G3, G4, and G5, the
pressure generated peaked on days 13 to 15, which was
103206.6 Pa for G3, 102677.4 Pa for G4, and 103138 for
Gb5. The temperature inside the digester influences the
difference in pressure from each sample. The higher the
temperature, the higher the pressure because high
temperatures will cause gas to expand. In addition to
temperature, the volume of gas produced may also affect
the pressure inside the digester.
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Figure 2. In-digester pressure

Impact on biogas volume-produced

The volume of biogas obtained from measurements
is shown in Figure 3. The study results show that the
volume of biogas produced continues to increase until day
15. This is because during the hydrolysis, acidification, and
methane gas formation stage, the decomposer bacteria
continue to grow and be active every day [20]. The biogas
produced in each sample has a different volume. The
longest biogas production duration was found in samples
G3, G4, and G5.

Meanwhile, the lowest biogas production occurred
in sample G1, which stopped producing biogas on days 22-
24, and G2, which stopped on days 25-27. In samples G1
and G2, the volume peaked on days 10-12, while for G3,
G4, and G5, the volume peaked on days 13-15. After
reaching peak production, the gas produced the next day
will start to decrease. In this study, the decrease in gas
production in G5 was much larger compared to G3 and G4.

From the figure, it can also be seen that the ideal
mixture of cow manure and litter to produce biogas is
shown by sample G3. Bacteria involved in the anaerobic
process require several elements according to the needs of
living organisms, such as food sources and optimum
environmental conditions [21]. Anaerobic bacteria consume
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carbon about 30 times faster than nitrogen. Balanced
composition in the raw material used positively impacts
biogas production.

Observing the C/N ratio, it can be seen that sample
G3 has the best ratio. This is because a high C/N ratio will
cause nitrogen to be quickly consumed by methanogen
bacteria to meet its growth needs, and only a little will react
with carbon, resulting in low biogas production. On the
other hand, if the C/N ratio is low, nitrogen will be released
and accumulate in the form of ammonia (NHa4), which can
increase pH [22].
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Figure 3. Biogas volume-produced

Biogas production rate

The calculation of the biogas formation rate aims to
determine the volume of biogas formed each day in each
digester tube. The biogas formation rate is presented in
Figure 4. Based on the figure, the best sample was obtained
in G3 with an average daily biogas formation rate of 77.22
cm?®. This is because biogas production in sample G3 still
occurs significantly after reaching its peak production on
days 13-15. This differs from sample G5, where biogas
production drastically decreased after reaching its peak on
the same day. This may be due to a well-balanced mixture
of cattle manure and litter, producing good production.

Meanwhile, the lowest biogas formation rate was
obtained from the G1 variation, with an average daily
biogas formation rate of 14.95 cm®. This may be due to a
very high C/N ratio in G1, which is 40.22, exceeding the
optimum C/N ratio. As a result of the high C/N ratio,
nitrogen is consumed very quickly by methanogenic
bacteria, resulting in low methane production. Similarly,
differences in biogas production between samples are due
to differences in the availability of nutrients or energy
sources for anaerobic bacteria in each composition, which
affects the fermentation rate.

90 -
80 -
70 A
60 -
50 |

40
30 -
20 -
10 J
0 n
G2 G3 G4 G5

Gl

Biogas volume rate (cmd/day)

Sample

Figure 4. Produced biogas volume rate
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Conclusion

The study concludes that the concentration of

chicken litter in the substrate significantly influences the

CIN

ratio and pH value.

Increasing chicken litter

concentration raises the C/N ratio while lowering pH,
emphasizing the need for precise substrate balance in
optimizing biogas production. Fermentation consistently
reduces pH across all samples, indicating a characteristic
outcome. The optimal C/N ratio for biogas production is
25.03, achievable with balanced cow dung and chicken
litter composition. This ratio enhances microbial activity,
increasing biogas yield. Sample G3, with a 50% cow dung
and 50% chicken litter combination, exhibits the highest
biogas volume among variations, highlighting substrate

composition's  crucial

role. These findings stress the

importance of careful substrate management for efficient
biogas production.
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