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In Indonesia, tapioca wastewater is one of the most abundant organic wastewater. It has a
great deal of potential for use as a substrate for biogas, but it contains a high ratio of chemical
oxygen demand (COD) to nitrogen (N). For this reason, adding nitrogen sources, such as
urea, is crucial. Meanwhile, microbial electrolysis cell-assisted anaerobic digestion (MEC-
AD) is a novel technology that can be applied to enhance biogas production. Thus, the
purpose of this study was to ascertain how adding urea affected the biogas yield from tapioca
wastewater through the MEC-AD process. There were six digesters, namely A (MEC-AD
urea 0.25 g), B (MEC-AD urea 0.5 g), C (MEC-AD urea 1 g), D (MEC-AD urea 1.5 g), E
(MEC-AD without urea), F (AD without urea). The MEC-AD process was carried out at
room temperature using a batch system. The results revealed that the MEC-AD (without
urea) generated a biogas yield 2.3-fold higher than AD alone (without urea). Then, an
increase in urea addition in the MEC-AD process from 0 to 1.5 g enhanced biogas yield from
106.4 to 268.8 mL/g-COD. It means that in MEC-AD, the urea addition of 1.5 g generated
2.5 times more biogas yield than without urea addition. The MEC-AD with urea addition of
1.5 g had the most stable substrate pH and the highest volatile fatty acids during the process.
The MEC-AD (without urea) gave a higher COD removal efficiency (21%) than AD alone
(without urea), namely 14%. Then, an increase in urea addition from 0 to 1.5 g in MEC-AD
increased COD removal from 21% to 38%. Therefore, the best variable was MEC-AD with
a urea addition of 1.5 g. This innovation is expected to reduce environmental pollution and
provide biogas as alternative energy to substitute the use of fossil fuels.

INTRODUCTION

of organic materials by anaerobic microorganisms.
This process not only provides renewable energy

Energy is a crucial resource for sustaining
life, as it underpins all human activities (Budiyono
et al., 2014). Resources for fossil fuels are depleting
as a result of rising energy consumption brought on
by population growth (Marendra, 2011). Therefore,
the Indonesian government has a policy to replace
fossil fuels with renewable energy sources. The
government's focus on renewable energy is a
strategic effort to secure Indonesia's energy future
(Marendra, 2011).

Biogas, a sustainable and eco-friendly
energy source, is generated through the breakdown

but also contributes to effective waste management
(Khanal, 2008). In Indonesia, tapioca wastewater is
a particularly abundant type of waste that can be
utilized as a biogas feedstock.

Indonesia ranks as the second-largest
producer of tapioca flour in Asia, surpassed only by
Thailand, with 18.3 million tons expected in 2020
(Teguh et al., 2022). The manufacturing process of
tapioca flour generates approximately 12 cubic
meters (or 12,000 liters) of wastewater per ton of
flour produced (Azizah et al., 2017). This
wastewater originates from various stages,
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including washing, extraction, and settling. The
wastewater from the tapioca flour industry not only
emits unpleasant odors and causes water turbidity
but also poses a significant pollution threat to
aquatic environments if not adequately treated
(Agung & Winata, 2017).

Generally, industrial organic wastewater is
often directly discharged into water bodies without
prior treatment and receives little attention from
industry players, especially among small and
medium-sized enterprises (Sugiharto, 1987).
Tapioca wastewater, in liquid form, is directly
discharged into river streams without undergoing
any prior treatment, leading to environmental
damage (Saputra et al., 2016). Meanwhile, solid
waste is typically processed into materials with
economic value. The solid wastes consist of cassava
peels and "onggok" (cassava pulp). Cassava peels
are utilized as animal feed, and cassava pulp is
processed into tapioca flour (Indrianeu &
Singkawijaya, 2019). As a result, effective and
efficient waste treatment technologies are essential
to treat this wastewater. One of them is anaerobic
digestion. This technology can convert organic
compounds of tapioca wastewater into biogas.

Tapioca wastewater contains high organic
contents, including 21.067 % glucose, 18.9 %
carbohydrates, and 51.040 % vitamin C (Rivera et
al., 2019). According to (Sensih & Prayitno, 2020),
this wastewater also contains high chemical oxygen
demand (COD) in the range of 7,000 to 30,000
mg/L and biological oxygen demand (BOD) in the
range of 3,000 to 6,000 mg/L. Hence, tapioca
wastewater is a suitable raw material for biogas
production because of these characteristics.

During anaerobic digestion (AD), the ratio
between COD to nitrogen (COD:N) is one of the
key factors (Syaichurrozi et al., 2013; 2016). The
substrate with a high COD:N ratio is easily
decomposed to volatile fatty acids (VFAs).
Accumulation of VFAs can lower the pH and
destabilize the fermentation process, thereby
hindering methane production (Syaichurrozi,
2017). During AD, nitrogen sources can be
degraded to ammonium or ammonia which can act
as natural buffers, thus liquid pH will be stable. In
addition, nitrogen (N) plays a crucial role in the
formation of microbial cells that drive anaerobic
processes (Cremonez et al., 2021). Therefore, the
amount of nitrogen available in the substrate
directly impacts the efficiency of biogas production.
Previous research (Yu et al., 2018) revealed that AD
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of the substrate with too much carbon-to-nitrogen
ratio generated a low biogas yield. Urea, a readily
digestible nitrogen source for a variety of
microorganisms, can be added to the substrate to
increase nitrogen levels (Budiyono et al., 2013). The
tapioca wastewater contains a high COD
concentration and a low N concentration. Hence,
urea addition to increasing the nitrogen level in
tapioca wastewater is important to be conducted to
succeed in the AD process.

Enhancing substrate breakdown and
biogas production can be achieved by integrating
the AD process with other methods. Combining
anaerobic digestion (AD) with the microbial
electrolysis cell (MEC) is an appealing idea. In the
integration of microbial electrolysis cell and
anaerobic digestion (MEC-AD), electrodes (anode
and cathode) are incorporated directly into the
anaerobic digestion reactor. This allows both MEC
and AD processes to occur simultaneously within a
single reactor, simplifying the setup. The MEC-AD
technique has been previously utilized by
Syaichurrozi et al. (2024) in the treatment of tofu
wastewater with the addition of iron (Fe). The
MEC-AD system successfully enhanced biogas
production by 14.4-114.5% and improved pollutant
removal efficiency by 1.09 to 1.63 times compared
to the AD process. Research by Joicy et al. (2022)
investigated the use of MEC-AD in treating
activated sludge waste at different voltages (0.3-0.9
V) and found that it produced 27.2%-44.8% more
methane than the AD alone.

Based on the information above, biogas
production from tapioca wastewater can be
enhanced through the MEC-AD process with urea
addition. The current study is new because the
application of MEC-AD technology for generating
biogas from tapioca wastewater has not been
explored. Thus, the current study aimed to evaluate
the impact of urea addition on biogas generation

from tapioca wastewater using MEC-AD
technology.

MATERIALS AND METHOD

Materials

The substrates utilized in the current
research included synthetic tapioca wastewater and
cow rumen fluid as inoculum. The synthetic tapioca
wastewater was made by dissolving 10 g of tapioca
flour in 1 L of water (Budiyono et al., 2018). The
tapioca wastewater contains COD 6419 mg-O,/L
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Figure 1. Laboratory scale experimental set-up.

and VFAs 385.5 mg-acetic acid/L. Fresh cow
rumen fluid was sourced from a slaughterhouse
located in Cilegon, Indonesia. The cow rumen fluid
contains COD 26,843 mg-O,/L and VFAs 5975.3
mg-acetic acid/L. The urea as a nitrogen source,
produced by PT Pupuk Indonesia (Persero), was
purchased from a local market. Black carbon
graphite plates with a purity of 99.9% utilized as
electrodes with a dimension of
lengthxwidthXthickness of 4.1x2.3X0.4 cm were
purchased from a local market.

Experimental Set-Up

Anaerobic reactors were prepared using
Erlenmeyers with a total volume of 600 mL and a
working volume of 500 mL. The graphite plates
were located in the anaerobic digester. The positive
and negative poles of the direct current power
source were linked to the anode and cathode. The
electrical voltage was kept constant at 1 volt. The

digester was then closed with a rubber stopper to
ensure the anaerobic conditions. The liquid
displacement method was used to measure the
biogas that was produced. Using this method, a gas
collector constructed from a reversed cylindrical
glass was linked to each digester. A flexible
connecting hose was used to make the connection.
A detailed experimental set-up on a laboratory scale
is presented in Figure 1.

Experimental Design and Procedures

A volume ratio of 80:20 v/v was used to
combine rumen fluid with tapioca wastewater.
Furthermore, urea addition was varied to 0.25, 0.5,
1,and 1.5 g. Then, a 5 M NaOH solution was added
to adjust the liquid pH to 7.0%0.2. As control
digesters, the AD alone and MEC-AD without urea
were also carried out. The experimental design in
this study is presented in Table 1.

Table 1. Experiment design

Digester  Process Volume of Tapioca Volume of Rumen Initial Urea addition
Code Wastewater (mL) Fluid (mL) rH (g)
A MEC-AD 400 100 7.0£0.2 0.25
B MEC-AD 400 100 7.0£0.2 0.5
C MEC-AD 400 100 7.0£0.2 1
D MEC-AD 400 100 7.0£0.2 1.5
E MEC-AD 400 100 7.0£0.2 -
F AD 400 100 7.0£0.2 -
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The anaerobic digestion process was
allowed to continue at room temperature until
biogas production was stopped. The biogas volume
was recorded every day wusing the liquid
displacement method. Liquid samples were
collected every four days for pH, VFAs, and COD
analyses. A digital pH meter was used to measure
the pH of the liquid. The steam distillation method
was used to assess the VFA concentration (Igbal
Syaichurrozi et al., 2024). The COD concentration
was measured using the closed reflux and
spectrophotometry method using a COD Reactor
(Hanna H1839800) and COD meter (Hanna
H183399) with High Range Plus COD reagent
specifications.

RESULTS AND DISCUSSION

Biogas Production

Figure 2 presents the daily and cumulative
biogas yield profiles observed throughout the
research. The daily biogas production profile shown
in Figure 2(a) shows the fluctuation of daily biogas
yield across all variations. The optimal period for
biogas generation occurred between days 2 and 12,
with the highest daily biogas yield recorded in
digester D at 86.6 mL/g-COD on day 3. However,
a decline in daily biogas yield was observed from
days 15 to 20 across all variations.

Figure 2(b) shows cumulative biogas yield.
The AD and MEC-AD without urea addition
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Figure 2. Biogas production profiles (a) daily, (b) cumulative.
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generated a total biogas yield of 45.4 and 106.4
mL/g-COD, respectively. It proved that the
presence of MEC in AD enhanced the total biogas
yield by 2.3-fold compared to AD alone. The
existence of MEC in AD effectively improved the
rate of substrate degradation by altering the
bacterial community involved in the fermentation
process, thereby accelerating the digestion process
and increasing biogas production (Yu et al., 2018).
Some previous studies also found the same findings.
Joicy et al. (2022) found that the MEC-AD in
treating activated sludge waste at various voltages
(0.3-0.9 V) produced 27.2%-44.8% more methane
than the AD alone. Lee et al. (2017) reported that
the MEC-AD of food waste generated a higher
methane yield (0.34 L/g-COD) than the AD alone
(0.2 L/g-COD).

The addition of the MEC to AD altered the
microbial community structure and promoted
electron transfer, thereby enhancing biogas
production and accelerating the digestion process
(Kanellos et al., 2024). In the MEC-AD process,
when an electrical current was applied to the anode,
an electrochemical reaction occurred, activating
exoelectrogens and increasing the degradation rate
of organic compounds to produce H*, electrons,
and CO; (Yu et al., 2018). Exoelectrogens are a
group of microorganisms that possess the ability to
transfer electrons extracellularly (Logan et al.,
2019). According to Wang et al. (2022), the MEC-
AD process increased the number of electrogenic
bacteria (exoelectrogens) by more than twofold.
Exoelectrogens converted VFAs into H*, CO,, and
e at the anode. Then, H*, CO;, and e were
converted into CH,4 through methanogenesis based
on direct interspecies electron transfer (DIET) by
hydrogenotrophic methanogens at the cathode. In
methane production, DIET-based methanogenesis
was more efficient than methanogenesis based on
indirect interspecies electron transfer (IIET) (Zhu et
al., 2020). Syaichurrozi et al. (2024) stated that
MEC-AD produced methane through DIET-based
methanogenesis and ITET-based methanogenesis,
but AD resulted in methane through IIET
methanogenesis only. Hence, the existence of MEC
in AD increased the conversion rate of organic
compounds to methane.

The COD/N ratio is an important factor
that influences the development of bacteria in
breaking down organic materials during the
digestion process to increase biogas production
(Adiani et al., 2019). To achieve high biogas
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production from tapioca wastewater, the addition
of nitrogen-containing materials such as urea was
necessary. At the end of the process, MEC-AD with
urea addition of 0, 0.25, 0.5, 1, and 1.5 g resulted in
total biogas yield of 106.4, 122.6, 133.3, 206.5, and
268.9 mL/g-COD, respectively. It showed that the
highest total biogas yield was achieved with the
urea addition of 1.5 g, namely 269 mL/g-COD. An
increase in urea addition in MEC-AD from 0 to 1.5
g improved biogas yield from 106.4 to 268.8 mL/g-
COD. Thus, the MEC-AD with urea addition of 1.5
g generated a biogas yield 2.5-fold higher than
MEC-AD without urea addition. The data
demonstrated that biogas production was
significantly higher when urea was added compared
to the control (without urea addition). This was
because urea functions as a nitrogen element
enhancer which was a source of nutrients for the
growth of microorganisms. Urea was chosen as a
nitrogen source because it was easily digested by
various microorganisms (Budiyono et al., 2013).
Nitrogen sources were utilized by bacteria to build
their cell structures (Speece, 1983). The difference
in the COD:N ratio influenced the abundance of
methanogenic bacteria (Sun et al., 2018). Hence,
the addition of urea in tapioca wastewater might
increase the abundance of methanogenic bacteria
increasing the conversion rate of COD to biogas
during the MEC-AD process. In line with the
current study, Budiyono et al. (2013) reported that
urea addition can increase the total biogas by
52.47% compared to without urea addition.

PH and VFAs

The pH was a critical factor in anaerobic
decomposition, as it significantly affected bacterial
growth. The pH level in the reactor was heavily
influenced by the concentrations of VFAs and
ammonia/ammonium that were produced. For
optimal microbial activity, the pH should be
maintained between 6.5 and 8.2 (Speece, 1983).
Figure 3 presents the pH profiles for each variation
over 20 days.

At the beginning of the process, the initial
pH of all digesters was 7.0%0.2. Based on Figure 3,
the substrate pH value of digester A (MEC-AD urea
0.25 g), B(MEC-AD urea 0.5 g), C (MEC-AD urea
1g), D(MEC-AD urea 1.5 g), E (MEC-AD without
urea), and F (AD without urea) changed from pH 7
to pH 5.23, 5.62, 6.13, 6.7 4.84, and 4.83,
respectively. The decrease in substrate pH occurred
from day 1 to day 8. The decrease in substrate pH
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Figure 3. pH profiles.

was caused by the accumulation of VFAs which
were generated during the anaerobic digestion
process. This condition showed that there was an
acidogenesis process in the digesters.

According to Forster-Carneiro et al
(2008), the acidogenesis occurs due to changes in
hydrolysis products into VFAs. The accumulation
of VFAs will reduce the pH value in the digester.
Conversely, the decomposition of nitrogen into
ammonia (NH3 ) or ammonium (NH,) will increase
the pH value (Syaichurrozi et al., 2016). At the
beginning of the process, carbohydrates are easier to
be broken down than proteins so the substrate pH
decreases at the beginning of the process and then
increases gradually.

In digester F (AD without urea addition),
there was a sharp decrease in pH at the beginning of
the process (from about 7.0 to 4.57 on day 8) due to
a high VFA accumulation. Such low pH levels were
known to inactivate methanogenic bacteria (Sun et
al., 2020). Hence, from day 9 to day 16, biogas was
not formed. Methanogenic bacteria thrived in the
pH range between 6.5 and 8.2 (Buyukkamaci &
Filibeli, 2004).

For methanogenic bacteria to grow and
develop properly, it is necessary to add nutrients to
the digester. In this study, urea was added to
digesters A, B, C, and D. In these digesters, the
substrate pH decreased but not sharply. Urea in the
system was converted to ammonia or ammonium
which can maintain the substrate pH. Liu et al.
(2019) revealed that protein and urea in the
substrate during AD will break down into ammonia
or ammonium. Ammonia when reacted with water
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formed a base to provide an alkaline condition in
the substrates.

The pH of the substrate was also very
closely related to the amount of VFAs. Figure 4
shows the increase in VFA concentration during the
20-day fermentation period. Initially, the VFA
concentration was 1503 mg-acetic acid/L in all
digesters on day 0. However, after four days of
fermentation, the concentrations increased to 5783
mg-acetic acid/L in digesters A and B, 3855 mg-
acetic acid/L in digesters C and D, 5972 mg-acetic
acid/L in digester E, and 3469 mg-acetic acid/L in
digester F. This upward trend continued until day
20. Figure 4 shows that VFA concentrations in
digesters A, B, C, D, and E were higher than that in
digester F. This increase in VFA concentration was
attributed to the presence of the MEC in AD, which
enhanced the rate of substrate degradation during
fermentation. According to Hassanein et al. (2017),
the incorporation of MEC-AD in food waste
processing can boost biogas, methane, and
hydrogen production. Another research by Huang
et al. (2020) found that MEC-AD significantly
accelerated the degradation of carbohydrates,
proteins, and VFAs by 4, 2.3, and 4.7 times,
respectively, compared to AD alone. Higher VFA
concentrations are crucial for increasing biogas
production (Moen, 2003) because the primary
component of VFAs is acetic acid, a key substrate
for methanogenic bacteria in methane gas
formation.

The rise in VFA concentration was also
attributed to the addition of urea, which serves as a
nutrient source. The presence of nitrogen sources in
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the substrate plays a crucial role in enhancing
biogas production. Moreover, urea helps maintain
a stable pH during the fermentation process,
contributing to increased biogas yield. In digester D
(MEC-AD wurea 1.5 g), the highest VFA
concentration was recorded at 9511 mg-acetic
acid/L, resulting in the largest cumulative biogas
volume of 269 mL/g-COD.

COD REMOVAL

The organic matter in the wastewater can
be expressed as COD. The amount of COD
degraded by bacteria after the fermentation process
is called COD removal (Speece, 1983). The
bacterial activity converts COD in the substrate into
biogas, so COD can be used to calculate the
potential of biogas (Rahayu et al., 2015). From the

measurement of COD levels in tapioca wastewater,
it was found to be 6,419 mg-O,/L. Furthermore, the
COD level of the mixture of tapioca wastewater and
inoculum was 10,504 mg-O,/L. The COD mixture
level was used as the influent COD level. The COD
removal values obtained in all digesters can be seen
in Figure 5.

Figure 5 shows that the COD removal in
the MEC-AD digesters had a greater COD removal
efficiency than that in the AD digester. This was
because the existence of MEC in AD enhanced
biogas production and reduced COD levels more
effectively (Lee et al., 2017). From Figure 5, the
digester order based on COD removal from the
largest to the smallest was digester D (38%), C
(35%), B (28%), A (25%), E (21%), and F (14%).
The digester D had the largest COD removal
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Figure 5. COD removals.
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efficiency (38%) and resulted in the largest total
biogas yield (268.9 mL/g-COD). The digester order
based on the total biogas yield from the largest to
the smallest was digesters D, C, B, A, E, and F.
From these results, it can be seen that the greater the
COD can be removed, the more biogas was
obtained. The results of this investigation were
consistent with the conclusions of a prior
investigation (Widarti et al., 2015).

Limitations and Future Research

This study demonstrated that MEC-AD
was a promising technology for converting tapioca
wastewater into biogas. The inclusion of MEC in
the AD process had a positive impact on biogas
yield. In this research, the highest biogas
production, 268.9 mL/g-COD, with a COD
removal of 21%, was achieved in MEC-AD with the
addition of 1.5 g of urea. However, methane
production from MEC-AD for tapioca wastewater
was still conducted at a laboratory scale using
synthetic tapioca wastewater. Additionally, the
composition of VFAs including acetic acid,
propionic acid, butyric acid, and others, needs
further verification. The detailed composition of
biogas (CHs4, H,, CO,, etc.) also requires attention
and confirmation. For greater accuracy, biogas
composition can be detected wusing gas
chromatography. In future research, the MEC-AD
technology to convert natural tapioca wastewater
into biogas needs to be carried out on a pilot plant
scale. Then, the economic analysis should be
conducted in the future.

CONCLUSION

There were six digesters, namely A (MEC-
AD urea 0.25 g), B(MEC-AD urea 0.5 g), C (MEC-
AD urea 1 g), D MEC-AD urea 1.5 g), E (MEC-
AD without urea), F (AD without urea). Digesters
A, B, C, D, E, and F generated total biogas yields
of 106.4, 122.6, 133.3, 206.5, 268.9, 106.4, and 45.4
mL/g-COD, respectively. The digester order based
on the total biogas yield from the largest to the
smallest was digesters D, C, B, A, E, and F. It shows
that MEC-AD (without urea) generated biogas
yield 2.3-fold higher than AD alone (without urea).
Then, in MEC-AD, the urea addition of 1.5 g
generated a biogas yield 2.5-fold higher than
without urea addition. The MEC-AD with urea
addition of 1.5 g had the most stable substrate pH
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and the highest VFAs during the process. The
MEC-AD (without urea) generated a higher COD
removal (21%) compared to the AD alone (without
urea), namely 14%. Then, an increase in urea
addition from 0 to 1.5 g in MEC-AD increased
COD removal efficiency from 21% to 38%. The
digester order based on COD removal from the
largest to the smallest was digester D (38%), C
(35%), B (28%), A (25%), E (21%) and F (14%).
Hence, the greater the COD can be removed, the
more biogas was obtained. In conclusion, the best
variable was MEC-AD with a urea addition of 1.5

g.
ACKNOWLEDGMENTS

The authors thank the Kementerian
Pendidikan, Kebudayaan, Riset dan Teknologi -
Indonesia for the financial support through a grant
of “Penelitian Pascasarjana — Penelitian Tesis
Magister (PPS-PTM) 2024” with contract numbers
092/E5/PG.02.00.PL/2024 and
B/761/UN43.9/PT.00.03/2024 and the
Universitas Sultan Ageng Tirtayasa (Untirta) -
Indonesia for the support of research facilities.

REFERENCES

Adiani, K. M., Gunadnya, I. B. P., Setiyo, Y. 2019.
Pengaruh Penambahan Urea pada Mediad
dan Pemanasan terhadap Produksi Biogas.
Jurnal BETA (Biosistem Dan Teknik
Pertanian). 8(1): 86.

Agung R, T., Winata, H. S. 2017. Pengolahan Air
Limbah Industri Tahu Dengan
Menggunakan Teknologi Plasma. Jurnal
Imiah Teknik Lingkungan. 2(2): 19-28.

Azizah, R. N., Slamet, A., Yuniarto, A. 2017.
Evaluasi Instalasi Pengolahan Air Limbah
Industri Tapioka Di Kabupaten Lampung
Timur. IPTEK Journal of Proceedings
Series. 3(5): 147-153.

Budiyono, B., Syaichurrozi, I., Sumardiono, S.
2013. Biogas production from bioethanol
waste: the effect of pH and urea addition to
biogas production rate. Waste Technology,
1(1):1-5.

Budiyono, B., Widiasa, I. N., Johari, S., Sunarso,
S. 2014. Increasing Biogas Production
Rate from Cattle Manure Using Rumen


https://doi.org/10.24843/JBETA.2020.V08.I01.P11
https://doi.org/10.24843/JBETA.2020.V08.I01.P11
https://doi.org/10.24843/JBETA.2020.V08.I01.P11
https://doi.org/10.24843/JBETA.2020.V08.I01.P11
https://doi.org/10.24843/JBETA.2020.V08.I01.P11
https://doi.org/10.12962/J23546026.Y2017I5.3126
https://doi.org/10.12962/J23546026.Y2017I5.3126
https://doi.org/10.12962/J23546026.Y2017I5.3126
https://doi.org/10.12962/J23546026.Y2017I5.3126
https://doi.org/10.12962/J23546026.Y2017I5.3126
https://doi.org/10.12777/WASTECH.1.1.1-5
https://doi.org/10.12777/WASTECH.1.1.1-5
https://doi.org/10.12777/WASTECH.1.1.1-5
https://doi.org/10.12777/WASTECH.1.1.1-5
https://doi.org/10.12777/WASTECH.1.1.1-5
https://doi.org/10.12777/IJSE.6.1.31-38
https://doi.org/10.12777/IJSE.6.1.31-38
https://doi.org/10.12777/IJSE.6.1.31-38

Nur Khomariah et al. / JBAT 13 (2) (2024) 146 - 155

Fluid as Inoculums. International Journal
of Science and Engineering. 6(1): 31-38.

Budiyono, Primaloka, A. D., Ardhannari, L.,
Matin, H. H. A., Sumardiono, S. 2018.
Study of Biogas Production from Cassava
Industrial Waste by Anaerobic Process.
MATEC Web of Conferences. 156: 03052.

Buyukkamaci, N., Filibeli, A. 2004. Volatile fatty
acid formation in an anaerobic hybrid
reactor. Process Biochemistry. 39(11):
1491-1494.

Cremonez, P. A., Teleken, J. G., Weiser Meier, T.,
R. Alves, H. J. 2021. Two-Stage anaerobic
digestion in  agroindustrial = waste
treatment: A Journal of
Environmental Management. 281: 111854.

Forster-Carneiro, T., Pérez, M., Romero, L. I
2008. Anaerobic digestion of municipal
solid Dry thermophilic
performance. Bioresource Technology.
99(17): 8180-8184.

Hassanein, A., Witarsa, F., Guo, X., Yong, L.,
Lansing, S., Qiu, L. 2017. Next generation
digestion: Complementing anaerobic
digestion (AD) with a novel microbial
electrolysis cell (MEC) design.
International Journal of Hydrogen Energy.
42(48): 28681-28689.

Huang, J., Feng, H., Huang, L., Ying, X., Shen, D.,
Chen, T., Shen, X., Zhou, Y., Xu, Y. 2020.
Continuous hydrogen production from
food waste by anaerobic digestion (AD)
coupled single-chamber microbial
electrolysis cell (MEC) under negative
pressure. Waste Management. 103: 61-66.

review.

wastes:

Indrianeu, T., Singkawijaya, E. B. 2019.
Pemanfaatan Limbah Industri Rumah
Tangga  Tepung  Tapioka  Untuk

Mengurangi Dampak Lingkungan. Jurnal
Geografi: Geografi Dan Pengajarannya.
17(2): 39-50.

Joicy, A., Seo, H., Lee, M.-E., Kim, D.-H., Cho, S.
K., Ahn, Y. 2022. Enhanced methane
production using pretreated sludge in
MEC-AD system: Performance, microbial
activity, and implications at different
applied voltages. International Journal of
Hydrogen Energy. 47(96): 40731-40741.

Kanellos, G., Tremouli, A., Arvanitakis, G.,
Lyberatos, G. 2024. Boosting methane
production and raw waste activated sludge
treatment in a microbial electrolysis cell-

154

anaerobic digestion (MEC-AD) system:
The effect of organic loading rate.
Bioelectrochemistry. 155: 108555.

Khanal, S. K. 2008. Anaerobic biotechnology for
bioenergy production: principles and
applications. Wiley Online Library.

Lee, B., Park, J. G., Shin, W. B., Tian, D. J., Jun,

H. B. 2017. Microbial communities change

in an anaerobic digestion after application

of microbial electrolysis cells. Bioresource

Technology. 234: 273-280.

Deng, Z., Li, H., Feng, K. 2019.
Contribution of electrodes and electric
current to process stability and methane
production during the electro-fermentation
of food waste. Bioresource Technology.
288: 121536.

Logan, B. E., Rossi, R., Ragab, A., Saikaly, P. E.
2019. Electroactive microorganisms in
bioelectrochemical systems. Nature
Reviews Microbiology. 17(5): 307-319.

Marendra, C. S. 2011. A Long Road to the
Development of Bio-Fuel in Indonesia.
Jurnal Ilmiah Hubungan Internasional.
10(1):37-61.

Moen, G. 2003. Anaerobic digester foaming:
Causes and solutions. Water Environment
and Technology. 15(8): 70-73.

Rahayu, A. S., Karsiwulan, D., Yuwono, H.,
Trisnawati, I., Mulyasari, S., Rahardjo, S.,
Hokermin, S., Paramita, V. 2015. Buku
Panduan Konversi POME Menjadi Biogas
Pengembangan Proyek di Indonesia.
Winrock International, 100.

Rivera, I., Schroder, U., Patil, S. A. 2019. Microbial
Electrolysis for Biohydrogen Production:
Technical  Aspects and  Scale-Up
Experiences. Biomass, Biofuels,
Biochemicals: Microbial Electrochemical
Technology: Sustainable Platform for
Fuels, Chemicals and Remediation. 871—
898.

Saputra, A., Rahardianto, T. Gomez, C. 2016.
Dampak Pembuangan Limbah Tapioka
Terhadap Kualitas Air Tambak di
Kecamatan Margoyoso Kabupaten Pati.
Prosiding Seminar Nasional Geografi
UMS. 577-587.

Sensih, D. G., Prayitno, P. 2020. Limbah Tapioka
Untuk Produksi Biogas: Alternatif
Pengolahan Dan Pengaruh Konsentrasi

Liu, S,


https://doi.org/10.12777/IJSE.6.1.31-38
https://doi.org/10.12777/IJSE.6.1.31-38
https://doi.org/10.1051/MATECCONF/201815603052
https://doi.org/10.1051/MATECCONF/201815603052
https://doi.org/10.1051/MATECCONF/201815603052
https://doi.org/10.1051/MATECCONF/201815603052
https://doi.org/10.1051/MATECCONF/201815603052
https://doi.org/10.1016/S0032-9592(03)00295-4
https://doi.org/10.1016/S0032-9592(03)00295-4
https://doi.org/10.1016/S0032-9592(03)00295-4
https://doi.org/10.1016/S0032-9592(03)00295-4
https://doi.org/10.1016/J.JENVMAN.2020.111854
https://doi.org/10.1016/J.JENVMAN.2020.111854
https://doi.org/10.1016/J.JENVMAN.2020.111854
https://doi.org/10.1016/J.JENVMAN.2020.111854
https://doi.org/10.1016/J.JENVMAN.2020.111854
https://doi.org/10.1016/J.BIORTECH.2008.03.021
https://doi.org/10.1016/J.BIORTECH.2008.03.021
https://doi.org/10.1016/J.BIORTECH.2008.03.021
https://doi.org/10.1016/J.BIORTECH.2008.03.021
https://doi.org/10.1016/J.BIORTECH.2008.03.021
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.IJHYDENE.2017.10.003
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.1016/J.WASMAN.2019.12.015
https://doi.org/10.26740/jggp.v17n2.p39-50
https://doi.org/10.26740/jggp.v17n2.p39-50
https://doi.org/10.26740/jggp.v17n2.p39-50
https://doi.org/10.26740/jggp.v17n2.p39-50
https://doi.org/10.26740/jggp.v17n2.p39-50
https://doi.org/10.26740/jggp.v17n2.p39-50
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.IJHYDENE.2022.07.154
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIOELECHEM.2023.108555
https://doi.org/10.1016/J.BIORTECH.2017.02.022
https://doi.org/10.1016/J.BIORTECH.2017.02.022
https://doi.org/10.1016/J.BIORTECH.2017.02.022
https://doi.org/10.1016/J.BIORTECH.2017.02.022
https://doi.org/10.1016/J.BIORTECH.2017.02.022
https://doi.org/10.1016/J.BIORTECH.2019.121536
https://doi.org/10.1016/J.BIORTECH.2019.121536
https://doi.org/10.1016/J.BIORTECH.2019.121536
https://doi.org/10.1016/J.BIORTECH.2019.121536
https://doi.org/10.1016/J.BIORTECH.2019.121536
https://doi.org/10.1016/J.BIORTECH.2019.121536
https://doi.org/10.1038/S41579-019-0173-X
https://doi.org/10.1038/S41579-019-0173-X
https://doi.org/10.1038/S41579-019-0173-X
https://doi.org/10.1038/S41579-019-0173-X
https://doi.org/10.26593/JIHI.V10I1.1051
https://doi.org/10.26593/JIHI.V10I1.1051
https://doi.org/10.26593/JIHI.V10I1.1051
https://doi.org/10.26593/JIHI.V10I1.1051
https://doi.org/10.2175/193864702784164028
https://doi.org/10.2175/193864702784164028
https://doi.org/10.2175/193864702784164028
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.1016/B978-0-444-64052-9.00036-4
https://doi.org/10.33795/DISTILAT.V6I2.158
https://doi.org/10.33795/DISTILAT.V6I2.158
https://doi.org/10.33795/DISTILAT.V6I2.158

Nur Khomariah et al. / JBAT 13 (2) (2024) 146 - 155

Substrat.  Distilat.  Jurnal
Separasi. 6(2): 457-467.

Speece, R. E. 1983. Anaerobic biotechnology for
industrial wastewater treatment.
Environmental Science and Technology.
17(9): 416A-427A.

Sugiharto. 1987. Dasar-dasar pengelolaan air
limbah. UI Press. Jakarta, Indonesia.

Sun, M., Liu, B., Yanagawa, K., Ha, N. T., Goel,
R., Terashima, M., Yasui, H. 2020. Effects
of low pH conditions on decay of
methanogenic biomass. Water Research.
179: 115883.

Sun, Y., Zhao, J., Chen, L., Liu, Y., Zuo, J. 2018.
Methanogenic community structure in
simultaneous methanogenesis and
denitrification granular sludge. Frontiers of
Environmental Science and Engineering.
12(4): 1-9.

Syaichurrozi, 1., Budiyono, Sumardiono, S. 2013.
Predicting kinetic model of biogas
production and biodegradability organic
materials: Biogas production from vinasse
at variation of COD/N ratio. Bioresource
Technology. 149: 390-397.

Syaichurrozi, I., Rusdi, Dwicahyanto, S., Toron, Y.
S. 2016. Biogas production from co-
digestion vinasse waste and tofu-
processing wastewater and kinetics.
International Journal of Renewable
Energy Research. 6(3): 1057-1070.

Teknologi

Syaichurrozi, I. 2017. Pengaruh Ph Umpan
Terhadap Produksi  Biogas Dari
Kiambang. Jurnal Integrasi Proses. 6(4):
180-184.

Syaichurrozi, 1., Murtiningsih, 1., Angelica, E. C.,
Susanti, D. Y., Raharjo, J., Timuda, G. E.,
Darsono, N., Primeia, S., Suwandi, E.,
Kurniawan, Khaerudini, D. S. 2024. A
preliminary study: Microbial electrolysis
cell assisted anaerobic digestion for biogas

155

production from Indonesian tofu-
processing wastewater at various Fe
additions. Renewable Energy. 234:
121203.

Syaichurrozi, I., Rusdi, R., Hidayat, T., Bustomi,
A. 2016. Kinetics Studies Impact of Initial
pH and Addition of Yeast Saccharomyces
cerevisiae on Biogas Production from Tofu
Wastewater in Indonesia. International
Journal of Engineering. 29(8): 1037-1046.

Teguh, T. E., Zakaria, W. A., Indah, L. S. M., Seta,
A. P. 2022. Strategies and Policies To
Increase Competitiveness of Cassava in
Lampung Province, Indonesia. Jurnal
Manajemen Dan Agribisnis. 19(3): 492-
500.

Wang, X. T., Zhang, Y. F., Wang, B., Wang, S.,
Xing, X., Xu, X. J., Liu, W. Z., Ren, N.
Q., Lee, D. J.,, Chen, C. 2022.
Enhancement of methane production from
waste activated sludge wusing hybrid
microbial  electrolysis  cells-anaerobic
digestion (MEC-AD) process — A review.
Bioresource Technology. 346: 126641.

Widarti, B. N., Susetyo, S. H, Sarwono, E. 2015.
Degradasi COD Limbah Cair Dari Pabrik
Kelapa Sawit Dalam Proses Pembentukan
Biogas. Jurnal Integrasi Proses. 5(3): 138-
141.

Yu, Z., Leng, X., Zhao, S., Ji, J., Zhou, T., Khan,
A., Kakde, A., Liu, P., Li, X. 2018. A
review on the applications of microbial
electrolysis cells in anaerobic digestion.
Bioresource Technology. 255: 340-348.

Zhu, X., Zhou, P., Chen, Y., Liu, X, Li, D. 2020.
The role of endogenous and exogenous
hydrogen in the microbiology of biogas
production systems. World Journal of
Microbiology and Biotechnology. 36:6,
36(6): 1-7.


https://doi.org/10.33795/DISTILAT.V6I2.158
https://doi.org/10.33795/DISTILAT.V6I2.158
https://doi.org/10.1021/ES00115A001
https://doi.org/10.1021/ES00115A001
https://doi.org/10.1021/ES00115A001
https://doi.org/10.1021/ES00115A001
https://doi.org/10.1016/J.WATRES.2020.115883
https://doi.org/10.1016/J.WATRES.2020.115883
https://doi.org/10.1016/J.WATRES.2020.115883
https://doi.org/10.1016/J.WATRES.2020.115883
https://doi.org/10.1016/J.WATRES.2020.115883
https://doi.org/10.1007/S11783-018-1067-2/METRICS
https://doi.org/10.1007/S11783-018-1067-2/METRICS
https://doi.org/10.1007/S11783-018-1067-2/METRICS
https://doi.org/10.1007/S11783-018-1067-2/METRICS
https://doi.org/10.1007/S11783-018-1067-2/METRICS
https://doi.org/10.1007/S11783-018-1067-2/METRICS
https://doi.org/10.1016/j.biortech.2013.09.088
https://doi.org/10.1016/j.biortech.2013.09.088
https://doi.org/10.1016/j.biortech.2013.09.088
https://doi.org/10.1016/j.biortech.2013.09.088
https://doi.org/10.1016/j.biortech.2013.09.088
https://doi.org/10.1016/j.biortech.2013.09.088
https://doi.org/10.36055/jip.v6i4.2543
https://doi.org/10.36055/jip.v6i4.2543
https://doi.org/10.36055/jip.v6i4.2543
https://doi.org/10.36055/jip.v6i4.2543
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.1016/J.RENENE.2024.121203
https://doi.org/10.17358/jma.19.3.492
https://doi.org/10.17358/jma.19.3.492
https://doi.org/10.17358/jma.19.3.492
https://doi.org/10.17358/jma.19.3.492
https://doi.org/10.17358/jma.19.3.492
https://doi.org/10.17358/jma.19.3.492
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.1016/J.BIORTECH.2021.126641
https://doi.org/10.36055/JIP.V5I3.261
https://doi.org/10.36055/JIP.V5I3.261
https://doi.org/10.36055/JIP.V5I3.261
https://doi.org/10.36055/JIP.V5I3.261
https://doi.org/10.36055/JIP.V5I3.261
https://doi.org/10.1016/J.BIORTECH.2018.02.003
https://doi.org/10.1016/J.BIORTECH.2018.02.003
https://doi.org/10.1016/J.BIORTECH.2018.02.003
https://doi.org/10.1016/J.BIORTECH.2018.02.003
https://doi.org/10.1016/J.BIORTECH.2018.02.003
https://doi.org/10.1007/S11274-020-02856-9
https://doi.org/10.1007/S11274-020-02856-9
https://doi.org/10.1007/S11274-020-02856-9
https://doi.org/10.1007/S11274-020-02856-9
https://doi.org/10.1007/S11274-020-02856-9
https://doi.org/10.1007/S11274-020-02856-9

