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Abstract- Purified biogas is the way to enhance biogas utilization for many applications. Pressure Swing Absorption (PSA) is
a promising technique for separating methane from carbon dioxide. The goal of this study is to evaluate the effectiveness of
methane and carbon dioxide separation from biogas stream by utilizing MSC-3K 172 as an adsorbent. Biogas is produced from
the anaerobic fermentation of animal manure and organic waste. A 150-liter gas storage tank is connected to a 200-liter gas
fermenter tank in a biogas digester. The system has a batch capacity of 0.112 m3 of biogas. To separate methane and carbon
dioxide, the PSA technique was used. As solid absorbents, Molecular Sieve (SHIRASAGI MSC 3K-172) were employed. The
effects of pressure, flow rate, and time of experiment were investigated. The outcome showed that CO, captured behaviour is
influenced by pressure and flowrate. The fraction of CO; captured increases with pressure. The behaviour of CO, captured is
inversely correlated with the gas flow rate. The amount of CO; captured increases as the flow rate decreases. The findings
indicate that 99.23% of CO, may be captured utilizing the PSA technique using molecular sieve (SHIRASAGI MSC 3K-172)
as solid absorbent. The methane content in biogas was found to be between 65 and 68 percent; however, after going through
the PSA process, the concentration of CHy rose to 98.26%. As a result, if the separated methane gas is stored properly, it can
be used for a variety of purposes, such as household cooking gas and vehicle fuel.
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1. Introduction

The current global energy crisis has turned attention to
the development of renewable energy from diverse
indigenous resources that may be available in order to meet
the growing global energy demand [1, 2]. To address
environmental problems and reduce reliance on fossil fuels,
numerous sustainable and renewable energy sources have
been developed [3, 4]. As a reliable energy source, biogas
has made notable advancements in the field of renewable
energy [5]. It can be produced from anaerobic digestion of
organic matter. The main component of biogas is methane,
which is another form of renewable energy that replaces

fossil fuels and has the environmental benefit of reducing
methane emissions into the atmosphere. Biogas production
from organic matter involves a complex process and multiple
bacterial groups [6, 7]. The production can be divided into
four phases: 1) hydrolysis phase, the complex organic
molecules are hydrolysed into subunits (sugars, amino acids,
alcohols, fatty acids, etc.); 2) acidogenesis phase, soluble
monomers are broken-down into small volatile fatty acids -
NH3s, H,S, and H»; 3) acetogenesis/dehydrogenation phase,
acetogenic bacteria assault the intermediates of acidogenesis
and convert its molecules into CO,, H, and mostly acetic
acid; and 4) methanation phase, many reactions occur using
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the intermediate products from the previous phases. Methane
is the major product of a number of reactions [8].

About 50-65 percent of the world's total methane
emissions are caused by human activity. Main sources of
methane emissions come from natural gas and petroleum
systems, enteric fermentation, and landfills [9]. Since
methane gas decomposes more quickly than carbon dioxide,
it has a greater adverse effect on the climate (27.2 times
compared to CO,) [10, 11]. An efficient use of biogas,
especially methane gas and carbon dioxide contained in
biogas, will be used to reduce greenhouse gas emissions into
the atmosphere and make use of it as a renewable energy
source. Biogas can be utilized in different ways, such as
electricity generation, heat, and vehicle fuel. Biogas can be
cleaned of CO; and other pollutants to create an enhanced
methane stream, which has more energy than raw biogas
[12]. Carbon dioxide in biogas can diminish biogas calorific
value, cause corrosion in piping and equipment, and
contribute to the greenhouse impact. In addition, the
separated carbon dioxide can be applied for industrial use as
well.

Despite the fact that biogas production technology is
well-established globally, the commercial applications of
biogas are still restricted because biogas must first be
purified before being used on-site [5]. For the technology of
biogas purification, there are various techniques, i.e.,
membrane [13], absorptions [14], chemical [15], physical
[16], and pressure swing adsorption (PSA) processes [17].
Due to its energy efficiency, cheap operational and
installation costs, very compact equipment, and ease of
operation, PSA is one of these technologies that is being
investigated more and more for biogas upgrading. In order to
meet the requirements of the natural gas grid and fuel quality
regulations, PSA can achieve methane purity of more than 97
percent [18]. In this process, biogas was compressed to a
pressure of between 0.5 and 3 bars and fed to the separation
tank where it came into contact with an adsorbent which
would choose to store CO».

Many types of adsorbents were investigated for
capturing CO, from biogas mixtures i.e., activated carbon,
silica, metal organic framework, zeolites, and carbon
molecular sieve [19]. A carbon molecular sieve is the
remarkable performance of a kinetic process that, depending
on pore size, eliminates methane molecules and captures
carbon dioxide molecules. [20] reported that when trace
amounts (100 ppmv) of H,S and 35% vol CO, are taken up
by a molecular sieve 13X in a biogas stream, both sulfur and
carbon dioxide can be captured. The carbon molecular sieve
(CMS) KP-457 was used to study the performance of CHy
and CO; separation using a thermally regenerative adsorbent-

packed heat exchanger. The result showed that the CHs
concentration was as high as 75% [21]. Molecular sieving
carbon MSC-3K 172 was used to investigate the adsorption
equilibria and kinetics of CH4 and N, [22, 23]. However,
there is no study on the performance of separation between
CH; and CO; from the biogas stream. Therefore, the
objective of this study is to investigate the performance of
CH,4 and CO; separation from the biogas stream using MSC-
3K 172 as an adsorbent.

2. Methodology
2.1. Anaerobic Digester Equipment

In this research, biogas fermentation from animal
manure was performed by using 2 sets of anaerobic biogas
digesters: (1) 200-liter gas fermenter tanks; and (2) 150-liter
gas storage tanks. Firstly, 30 kg of pig manure and 30 liters
of water were put in the first tank. Gas would be produced in
about 7-15 days. The results showed that the inside of the gas
storage tank had more air than methane, so the vent valve
was opened. After that, 60 liters of water and pig manure
were added for 15 days. Later, biogas production from pig
manure was 0.112 cubic meters per batch. The composition
of biogas is shown in Table 1. After getting biogas, such gas
will be used in the process of separating CO; and other gases
from biogas in order to increase the purity of CHa.

Table 1. Biogas composition in this study

Gas composition Unit
CH,4 65-68 %
H» 0-3%
CO, 15-50 %
N2 5-40 %
0, 0-5%
H»S 0-310 ppm
Heating value 15.5 MJ/Nm3

2.2. Pressure Swing Absorption (PSA)

The PSA apparatus consists of an adsorption column and
a reciprocating compressor. The adsorption bed is 2 feet long
and 3 inches in internal diameter, made of stainless steel, and
fitted with thermocouples, pressure gages, rota meters, and
sampling ports on all inlet and outlet lines, as shown in Fig.
1. Table 2 shows the details of the PSA equipment in this
study. The solid adsorbents are SHIRASAGI MSC 3K-172
by Osaka Chemical Group. Some characteristics of sieve
properties are shown in Table 3.
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Fig 1. Schematic diagram of PSA in this study.

Table 2. PSA characteristics

Item Unit Description
Appearance - Cylindrical
Color - Black
Particle diameter mm 1.8
Loss on Drying * % 1.0 max
Particle Size * (2.800 — 1.180 .
mm) (7 - 14 me(sh) % 99.0 min.
Hardness * % 98.0 min.
PSA performance of 99 % Nitrogen at 30°C, 0.588MPa
Cycle time sec 60
Adsorption pressure barG 7-15

Table 3. Molecular sieve characteristics [24]

SHIRASAGI 3R-172
Pellet diameter 18 mm ¢
Bulk Density (g/mL) | 0.680~ 0.720
Particle size (%) 2.360~1.000
Hardness (wt%) 93.0~

The operating condition of PSA is inlet pressure 1 to 3
bars. The flowrate was controlled at 1, 3, and 5 liter per
minutes. The temperature is ambient temperature. As shown
in Figure 1 (a), the biogas is initially compressed before
being fed into the compressor from the storage tank. Then,
biogas was fed from the bottom of the PSA column. The
PSA vessel is then used to purify the methane and carbon
dioxide after the biogas has been poured into it.

The PSA columns were thoroughly cleaned by pumping
just air into them prior to the experiment's start. To ensure
there are no residues of CHs, CO», O,, or any other gases or
pollutants, this process took roughly 20 minutes to complete.
In order to accomplish the objective of the study, the target
flow rate, pressure inlet, and pressure outlet were also set or
calibrated during this process. A biogas analyzer (Geotech
Biogas 5000 portable analyser) was utilized to determine the
composition of the biogas directly from the storage tanks
[25].

To accomplish the objective of this experiment, a
comparison of the biogas composition before and after the
experiment is essential.

3. Result and discussions
3.1 Effect of pressure

When the experiment operated under a pressure of 1-3
bar, at 4 °C, and a flow rate of 1 L/min, the result was shown
in Fig.2. It can be seen that the molecular sieve can capture
70.72% of methane gas. When the system pressure was
increased to 2 and 3 bars, the percentage of methane
adsorption increased to 77.55 and 78.68, respectively. The
percentage of methane adsorption becomes purer at higher
pressures, as well as carbon dioxide. In this experiment, a
pressure greater than 3 bars was not possible due to the
insufficient amount of fermentable gas for the experiment.
From the results, it can be concluded that the percentage of
methane adsorption of the molecular sieve 3R-172 was
directly proportional to the pressure.
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Fig 2. Comparison of methane and carbon dioxide adsorption at different pressure

3.2 Effect of Flow Rate

The comparison of the percentage of methane with
different flow rates is shown in Fig. 3. It can be seen that the
feed flow rate of 5 liters per minute gave the highest
percentage of methane (98.23%) at 20 minutes of the
experiment. The feed flow rates of 3 and 1 liter per minute
are 98.26% and 98.52% of methane concentrations,
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respectively, but use a longer period of experiment at 30 and
35 mins, respectively. Increasing the flow rate has similar but
different methane separation efficiency at the time. The flow
rate of 5 L/min takes the least time compared to other flow
rates.

Time (minutes)

Fig 3. The influences of feed flow rates on the CHy4 purity

3.3 Effect of Experiment Time

As shown in Fig. 4, the carbon dioxide adsorption
behavior is directly proportional to the pressure and duration
of the experiment. Carbon dioxide adsorption increases when
pressure is increased. It can be noticed that, at pressures of 2
and 3 bar, the efficiency of carbon dioxide adsorption is
similar. At pressures of 1, 2, and 3 bar, the average
percentage of CO, captured is 26%, 29%, and 30%,

respectively. At the 25th minute of the experiment, almost no
CO; was left in the system.

In the case of methane gas, at a pressure of 1 bar, the
highest methane concentration was 86.13%, while the
pressures of 2 and 3 bars gave the highest percentage of
97.18% and 98.26%, respectively. Therefore, the suitable
pressure is 2 bars, as its efficiency is close to 3 bars, but the
cost is less.
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Fig 4. The concentrations of CH4 (left side) and CO; (right side) of biogas at different total pressures

4. Conclusion

In this study, biogas was produced by an anaerobic
digestion system using manure as feedstock. Biogas digester
has a 200-liter gas fermenter tank and is connected to a 150-
liter gas storage tank. The system can produce biogas at a
rate of 0.112 m3/batch. A Pressure Swing Absorption (PSA)
technique was applied to separate CHs and CO,. As a solid
absorbent, a molecular sieve (SHIRASAGI MSC 3K-172)
was used. The effects of pressure, flowrate, and time of
experiment on CO, separation were investigated. The result
indicated that the pressure and flowrate affect CO, capture
behavior. When pressure increases, the percentage of CO»
captured increases. The gas flow rate has an inverse effect on
the CO; capture behavior. The percentage of CO, captured
increases as the flow rate decreases. From the results, it can
be concluded that the PSA technique using molecular sieve
(SHIRASAGI MSC 3K-172) as solid absorbent can capture
CO; for 99.23%. The CO; separated from the PSA process
can be utilized for various applications, which results in a
way to reduce greenhouse gas emissions. In the case of
methane, the methane concentration in biogas was observed
at 65-68%; however, after biogas has passed through the
PSA process, the concentration of CHs has increased to
98.26%. Therefore, if the separated methane gas is stored
appropriately, it can be used in many applications, for
example, fuel for automobiles, cooking gas in households.
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