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ARTICLE INFO ABSTRACT

Biogas is a renewable energy source with great potential to replace fossil fuels; however,
the presence of CO: and H:S reduces its quality and combustion efficiency, making
purification necessary. This study aimed to evaluate the effectiveness of CO: absorption
using Bittern and alkaline solutions (3N KOH, 3N NaOH) with absorbent volumes
ranging from 600 to 1000 ml. The absorption process was conducted in a bubble column,
and the gas composition was analysed using an Orsat apparatus and a titration method.
The results indicated that increasing absorbent volume reduced CO: concentration to 10—
15% and H.S to below 1.2%, while increasing CHa content to more than 80%, in
accordance with SNI 8019:2014 biogas standards. Stepwise absorption (Bittern—
KOH/NaOH) was more effective than single absorbents, yielding up to 87% CHa and
reducing CO: to 10%. XRF analysis of the precipitate showed calcium (84.58%) and
magnesium (14%) dominance, confirming carbonate and sulfate precipitation. These
findings demonstrate that Bittern and alkaline solutions are effective absorbents for biogas
purification, with stepwise absorption providing the most optimal improvement in biogas

quality.
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and energy content [2]. Furthermore, CO: contributes to corrosion
and environmental issues such as global warming [3]. Hence,
reducing CO: and other impurities is essential to improve the
quality of biogas as an energy source. PT. Enero (Energy
Recovery Indonesia) is one of the biogas producers in Indonesia,

1. INTRODUCTION

1.1.  Research Background

Indonesia’s fuel consumption for transportation, industry, and
household needs is still largely dominated by petroleum. This
situation has resulted in a continuous increase in fuel demand,
while petroleum production continues to decline. Therefore, it is
necessary to explore alternative renewable energy sources. One
promising option is biogas, produced through anaerobic
fermentation of organic materials such as agricultural residues,
livestock manure, and household organic waste. Biogas generally
consists of 50-57% methane (CHa), 25-45% carbon dioxide
(CO2), 0-2% oxygen (O:), and 0-2% hydrogen sulfide (H2S) [1].
Methane is the main component with a high calorific value, while
CO: and H:S act as impurities that reduce combustion efficiency

utilizing molasses as the raw material for anaerobic fermentation.
The produced biogas contains CHa (50-57%), CO: (30-40%), O-
(0-2%), and HS (1-2.5%). Without purification, this raw biogas
cannot be used directly as vehicle fuel or distributed through gas
networks. Several purification methods have been developed,
including physical absorption, chemical absorption, and
adsorption. Among these, chemical absorption is widely applied
due to its efficiency, selectivity, and effectiveness in CO:
separation. NaOH and KOH have been proven to enhance
methane enrichment in biogas at specific concentrations [4][5].
Furthermore, CO: capture using potassium hydroxide combined
with brine has been reported to achieve up to 0.58 g CO2/g KOH
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under optimal conditions [6]. Meanwhile, Bittern, a by-product of
sea salt crystallisation, is rich in magnesium, calcium, potassium,
and chloride ions. Studies have shown that Bittern can be utilized
as a source of Mg(OH): and as an absorbent for CO-, capturing
up to 63 g CO: per liter of Bittern solution [7][8]. Utilising Bittern
not only provides an effective absorbent but also adds economic
value to salt industry waste, which is often discarded and can be
potentially harmful to the environment [9]. Based on these
considerations, this research investigates the effectiveness of
Bittern and alkaline solutions (NaOH and KOH) in absorbing
CO: from biogas, while also analyzing the influence of absorbent
volume. This study is expected to provide a low-cost,
environmentally friendly, and sustainable method for biogas
purification, while offering added value to salt industry by-
products

1.2.  Literature Review

Biogas is a renewable energy source produced through the
anaerobic fermentation of organic matter, mainly consisting of
methane (CHa4) and carbon dioxide (CO:), with small amounts of
hydrogen sulfide (H-S) and oxygen (O:). The presence of CO:
and H-S reduces the calorific value and combustion efficiency of
biogas, making purification essential [1][2]. Various purification
methods exist, including physical absorption, chemical
absorption, and adsorption, with chemical absorption using
alkaline solutions being one of the most effective [10]. Alkaline
absorbents, such as NaOH and KOH, have been widely studied
for CO: removal, showing that higher concentrations improve
absorption efficiency; however, multi-stage absorption tends to
yield better results [4][5]. In recent years, attention has turned to
low-cost and sustainable absorbents. Bittern, a waste product
from salt production rich in magnesium, sodium, potassium, and
calcium, has been identified as a potential absorbent for CO:
capture. Prior studies have demonstrated that brine and Bittern
solutions can effectively precipitate carbonates and sulfides,
reducing CO: and H-S [6][7][8]. The mechanisms involve the
reaction of CO: with hydroxide ions from alkaline solutions to
form carbonate and bicarbonate species, as well as precipitation
of insoluble carbonates by divalent cations in Bittern [7][11].
Moreover, calcium tends to precipitate more readily than
magnesium due to its lower solubility product [12][13].

Table 1. Composition of Bittern

Komponen mg/L
Na* 166.062 - 181.640
K* 23.23-35.55
Mg?* 14914 - 28.714
Ca2+ _
Br3* 0.002 - 0.03
NH4* 0-1
F 3.18-5.09
Cr 256.000 - 288.000
PO4* 0-0.76
NO2 0.005
NOs 0.1-0.27
SO4* 17.717 - 46.919
HCOs* -
BE 28.5-29
pH 6.5-6.7
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1.3.  Research Objective

The objective of this research is to determine the effectiveness of
Bittern and alkaline solutions (KOH and NaOH), as well as the
influence of absorbent volume, on CO: absorption in the biogas
purification process. By evaluating these parameters, the study
aims to identify the potential of Bittern as an alternative absorbent
that not only improves the quality of biogas by increasing
methane concentration but also provides an environmentally
friendly and economical solution through the utilisation of by-
products from the salt industry.

2. MATERIALS AND METHODS

2.1. Material and Tools

The materials used in this study consisted of biogas from
molasses fermentation provided by PT. Enero as the gas to be
purified, Bittern waste obtained from salt farmers in Randutatah
Village, Probolinggo, East Java, and alkaline absorbents in the
form of potassium hydroxide (KOH) and sodium hydroxide
(NaOH) from UD. Nirwana Abadi. The Bittern solution
contained several major components including sodium (21,607
mg/L), chloride (217 mg/L), potassium (24,679 mg/L),
magnesium (66,839 mg/L), and calcium (1,255 mg/L). The
experimental setup for the absorption process is shown in Fig. 1.

The Equipment List :
. Biodigester

. Valve

. Water Manometer
Pipe

Hose

. Bubble Column

. Gas Holder

Fig. 1. Experimental Setup for the Absorption Process

2.2. Methods

2.2.1 Preparation of absorbent solution

The preparation of the absorbent solutions involved dissolving
potassium hydroxide (KOH) and sodium hydroxide (NaOH) in
distilled water to achieve a concentration of 3 N for each solution.
Meanwhile, Bittern was used directly without further chemical
modification, with its Baume degree (BE) adjusted to 36. For the
combined absorbents, the absorption process was conducted
sequentially by first passing the biogas through the Bittern
solution and then continuing it into the alkaline solution (KOH or
NaOH) according to the experimental variables.

2.2.2 Absorption stage of biogas purification
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The absorption stage of biogas purification was carried out by
channelling the biogas from the biodigester into a bubble column
containing a prepared absorbent solution, which consisted of
Bittern, 3 N NaOH, 3 N KOH, or a sequential combination of
Bittern followed by an alkaline solution. The biogas flow was
maintained at a constant rate and contacted with the absorbent for
one minute to allow impurities such as CO, H2S, and O: to be
absorbed. The biogas flow rate that was contacted was 82.56
L/min. The purified gas was then collected in a gas holder for
further analysis using the Orsat apparatus to determine the
concentrations of CHa, CO2, O2, and H:S. This absorption process
was repeated for each absorbent type and volume variation to
evaluate the effectiveness of Bittern and alkaline solutions. In this
study, the independent variables were the type of absorbent
(Bittern, NaOH, KOH, or their sequential combination in a multi-
stage process) and the volume of absorbent used (500 mL, 400
mL, 600 mL, 800 mL, and 1000 mL). The dependent variables
were the concentrations of COz, CHas, Oz, and H:S in the biogas
after absorption. The controlled variables included the biogas
flow rate, contact time, and the use of a bubble column as the
absorption unit. The application of a multi-stage absorption
method, in which biogas was first passed through Bittern and
subsequently through an alkaline solution, was intended to
enhance the removal of acidic gases and improve the methane
concentration compared to single-stage absorption.

2.3.  Research Analysys

Several tests were conducted to evaluate the effectiveness of the
absorption process in biogas purification. First, the initial and
final gas compositions were analyzed using the Orsat apparatus
to determine the concentrations of CO2, O2, and CHa. The
hydrogen sulfide (H2S) content was measured using the Tutwiler
titration method with iodine as the reagent. In addition, the
precipitates formed after the absorption process were collected,
dried, and further analysed using X-ray Fluorescence (XRF) to
determine their elemental composition. These tests provided
comprehensive data to assess the performance of Bittern and
alkaline solutions in removing impurities and improving the
quality of biogas.

3. RESULT AND DISCUSSION

3.1.  Results of Initial Biogas Composition Analysis

The raw material analysis was carried out to identify the composition of
the biogas and Bittern used in this study—the biogas obtained from PT.
Enero was analysed using the Orsat apparatus and the Tutwiler titration
method. Meanwhile, the Bittern solution obtained from local salt farmers
in Randutatah Village, Probolinggo, was analyzed in the BSPIJI
laboratory.

Table 2. Initial Composition of Biogas

Test Parameters Content (%)

CO: 38,8
0, 22
H,S 24
CH, 56,6

The laboratory analysis of Bittern carried out at BSPJI using
the Atomic Absorption Spectroscopy (AAS) method revealed
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that the solution contained high concentrations of several
essential ions. The results showed that Bittern was rich in
magnesium (66,839 mg/L) and potassium (24,679 mg/L), along
with significant amounts of sodium (21,607 mg/L) and calcium
(1,255 mg/L). In addition, a small concentration of chloride ions
(217 mg/L) was also detected. The high levels of magnesium and
potassium indicate that Bittern has strong potential as an
absorbent in CO: capture processes, as these ions can actively
participate in precipitation and absorption reactions. This
composition profile highlights the value of Bittern as a waste
material with promising applications in biogas purification. To
evaluate the purification performance, the biogas produced was
compared against the national quality standards for purified
biogas, as summarized in Table 3. These standards (SNI
8019:2014) specify the acceptable concentration limits for major
gas components such as methane (CHa), carbon dioxide (CO.),
oxygen (O:z), and hydrogen sulfide.

Table 3. Biogas Quality Standards

Parameter Satuan Persyaratan
Metana %vol, min 80
Karbondioksida %vol, maks 18

Oksigen %vol, maks 2

Hidrogen Sulfida Mg/Nm?, maks 23

3.2.  Results of the Final Biogas Composition After
Absorption

After the absorption process was carried out, it was found that the
use of Bittern and alkaline solutions as absorbents in the biogas
purification process proved to be effective, as they were able to
increase the methane (CHa) content to more than 80%, in
accordance with the biogas quality standards of (SNI 8019:2014).
Additionally, the relationship between absorbent volume and the
increase in CH4 concentration is also evident. Based on the data
shown in Fig 2, at an absorbent volume of 1000 mL, a higher CHa4
concentration was obtained compared to a volume of 600 mL.
The larger the absorbent volume used in the absorption process,
the greater the increase in CHa content in the biogas. This occurs
because the absorption of impurities becomes more effective as
the available amount of solvent increases.

Kadar CH, (%)
0 0 O O 0O O O
- N W s NN

@
(=]

500 600 700 800 900 1000 1100
Volume (ml)

—&— Bittern
NaOH 3N
—e— Bittern;NaOH 3N

~#&—KOH 3N
Bittern;KOH 3N

Fig 2. Relationship Between Absorbent Volume and CHa
Concentration for Different Types of Absorbents
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Kadar CO; (%)

500 600 700 800 900 1000 1100
Volume (ml)

—&— Bittern —&—KOH 3N
NaOH 3N Bittern;KOH 3N
—o— Bittern;NaOH 3N

Fig 3. Relationship Between Absorbent Volume and COz
Concentration for Different Types of Absorbents

Based on Fig 3, it can be seen that the concentration of CO>
in biogas tends to decrease as the volume of the absorbent
increases. This is accordance with the explanation by [14], which
states that the greater the contact opportunity between the solvent
and CO: gas, the more CO: will be absorbed. This decline
indicates that the greater the solvent volume, the more solvent
molecules are available to interact with CO: gas, resulting in a
more effective absorption process. From the comparison of
solvent types, it can be seen that the use of Bittern and alkaline
solutions as absorbents in the biogas purification process proved
effective, as they were able to absorb CO: gas up to around 9—
16%. This value is in accordance with the biogas quality standard
based on SNI-8019:2014, which requires a maximum CO:
content of 18%.

In addition, the application of stepwise absorption showed
better results, reducing the CO: content to as low as 10%. This
finding aligns with [5], who reported that stepwise absorption
provides more optimal CO: removal compared to single-stage
absorption. This is caused by a dual mechanism, namely the
chemical reaction of CO: with hydroxide ions (OH") from KOH,
forming bicarbonate (HCOs") or carbonate (COs?") ions, and the
precipitation reaction of carbonate with metal ions (Ca** and
Mg?*) present in Bittern. The use of single absorbents, such as 3N
NaOH or Bittern alone, results in relatively smaller CO:
reductions compared to their combination. Nevertheless, the
performance of single absorbents remains satisfactory, as the
resulting CO: levels still meet biogas quality standards. On the
other hand, stepwise absorption can be considered an alternative
approach to enhance further CO: removal, in addition to
increasing the absorbent volume.

https://doi.org/10.29165/ajarcde.v9i3.801
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Fig 4. Relationship Between Absorbent Volume and H.S
Concentration for Different Types of Absorbents

Based on Fig. 4, the H2S gas concentration also decreased
with increasing absorbent volume, although with slight
fluctuations. H.S is an acidic impurity component that lowers
biogas quality due to its corrosive nature and strong odor.
According to Cruz [15], H2S reacts with hydroxide ions (OH")
from strong bases, such as NaOH and KOH, to form soluble
sulfide ions (S*7). This reaction becomes more effective as the
absorbent volume increases, since the number of available OH~
ions also rises. Meanwhile, according to [11], H2S gas can also
react with metal ions such as Mg?" and Ca®" present in Bittern,
potentially forming precipitates of magnesium sulfide or calcium
sulfide, which are insoluble in water.

2,2
2,15
21

2,05

Kadar 0, (%)

1,95
1,9

1,85
500 600 700 800 900 1000 1100

Volume (ml)

—&— Bittern —&—KOH 3N
NaOH 3N Bittern;KOH 3N
—&— Bittern;NaOH 3N

Fig 5. Relationship Between Absorbent Volume and O:
Concentration for Different Types of Absorbents

Oxygen does not undergo a dominant chemical reaction like CO-
and H-S. However, its concentration in biogas decreases through
a physical solubility mechanism. As shown in Fig 5, oxygen
concentration decreases for every type of absorbent after the
absorption process. Oxygen can dissolve in both alkaline
solutions and in Water, but its solubility is affected by salinity,
pH, and temperature. According to [16], an increase in salt
concentration (salinity) tends to reduce oxygen solubility. This is
consistent with the data shown in Fig. 5, where the Oz content in
biogas after absorption decreased, although not as significantly as
the CO: content. The reduction was more pronounced when using
Bittern or a combination of Bittern and KOH, both of which have
high salt content that can influence oxygen diffusion and
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solubility. Thus, the reduction of O: in the final biogas is mainly
attributed to physical solubility mechanisms rather than direct
chemical reactions, though it still contributes to increasing the
overall CHa percentage in the purified biogas.

3.3.  Results of the Elemental Analysis of the
Precipitate

The elemental analysis of the precipitate was conducted only on
the Bittern solvent variable with a volume of 1000 mL. The
elements present in the precipitate formed in the Bittern solvent
after being contacted with biogas from the fermentation process
at PT. Enero are shown in the figure. The results of the XRF
analysis, carried out by the Laboratory of Minerals and Advanced
Materials, Faculty of Mathematics and Natural Sciences, State
University of Malang, are presented in Table 4.

Table 4. XRF Analysis Results of the Precipitate After
Absorption

Unsur Mg K Ca Fe Cu Tm Yb

Content (%) 14 0.19 8458 024 0.05 033 045

result spectra 22-sep-2625 13:65.

22-se0-2625 11:25:54 W 686
gD Standrdlens 280 W 0 o> e 60 s E3123 e
& Ca kA
&
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Fig 6. XRF Analysis Results of Bittern Deposits After
Absorption

4. CONCLUSION

The use of Bittern and alkaline solutions in a single-stage
absorption process has already met the biogas quality standards
according to SNI-8019:2014. However, the application of a
multistage absorption method offers additional advantages,
including increased CHa concentration. The effectiveness of the
absorption process is also influenced by the volume of absorbent
used; larger absorbent volumes generally result in more
significant CO: reduction accompanied by an increase in CH4
content. The absorption process in biogas purification using
Bittern produced a solid precipitate. XRF analysis revealed that
the precipitate was predominantly composed of calcium (Ca,
84.58%) and magnesium (Mg, 14.0%). For future studies, it is
recommended to consider parameters such as pH, temperature,
and contact time to determine the optimum conditions for CO:
absorption and precipitate formation.
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