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ABSTRAK 
Proses produksi tahu menghasilkan limbah cair yang memiliki kandungan 
organik yang tinggi dan berpotensi mencemari badan air jika tidak diolah. 
Kombinasi Microbial Fuel Cells (MFCs) dan Anaerobic Baffled Reactors 
(ABR) menghadirkan solusi efektif untuk mengolah limbah cair ini 
sekaligus menghasilkan listrik. Tujuan penelitian ini yaitu menganalisis 
pengaruh jenis anoda dalam sistem MFCs-ABR terhadap daya listrik (mW) 
dan penurunan COD dalam limbah cair tahu. Metodologi yang digunakan 
meliputi pengolahan limbah cair tahu dengan variasi jenis anoda seng dan 
baja tahan karat. Parameter yang diamati adalah daya listrik dan efisiensi 
penurunan COD pada waktu retensi 0, 24, 48, 72, dan 96 jam. Hasil 
penelitian menunjukkan bahwa anoda seng menghasilkan daya listrik 
mencapai 0,38 mW dan menunjukkan efisiensi pengurangan COD sebesar 
55,85% pada 96 jam. Pada anoda baja tahan karat menghasilkan daya 
listrik 0,18 mW dan efisiensi pengurangan COD sebesar 52,80% paada 96 
jam. Penelitian ini menunjukkan bahwa jenis anoda mempengaruhi daya 
listrik yang dihasilkan pada sistem MFCs. 
 
Kata Kunci: Microbial Fuel Cells; Anaerobic Baffle Reactor; 
Penyisihan Organik; Bioenergi 

  
ABSTRACT 

The tofu production process produces liquid waste that has a high organic content and has the potential to 
pollute water bodies if not treated. The combination of Microbial Fuel Cells (MFCs) and Anaerobic Baffled 
Reactors (ABR) presents an effective solution to treat this liquid waste while generating electricity. The 
purpose of this study was to analyze the effect of the type of anode in the MFCs-ABR system on electrical power 
(mW) and COD reduction in tofu liquid waste. The methodology used includes processing tofu liquid waste 
with variations in the types of zinc and stainless steel anodes. The parameters observed were electrical power 
and COD reduction efficiency at retention times of 0, 24, 48, 72, and 96 hours. The results showed that the zinc 
anode produced electrical power reaching 0.38 mW and showed a COD reduction efficiency of 55.85% at 96 
hours. The stainless steel anode produced electrical power of 0.18 mW and a COD reduction efficiency of 
52.80% at 96 hours. This study shows that the type of anode affects the electrical power generated in the MFCs 
system. 
 
Keywords: Microbial Fuel Cells; Anaerobic Baffle Reactor; Organic Removal; Bioenergy 
 
1.  INTRODUCTION 

Tofu waste originates from the 
byproducts of soybean processing that do not 

form tofu, consisting of solid and liquid waste 
(Pagoray et al., 2021). The solid waste includes 
the leftover tofu pulp, while the liquid waste is 
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generated during the tofu washing process. Tofu 
wastewater contains high levels of organic 
matter, such as Chemical Oxygen Demand (COD), 
and if discharged directly into water bodies 
without treatment, it can degrade water quality 
in the environment (Sitohang et al., 2022). 
Furthermore, tofu wastewater is rich in protein, 
fat, and carbohydrates, leading to high ammonia 
(NH₃) content, which is an alkaline compound 
that can dissolve in water. Elevated ammonia 
concentrations can indicate environmental 
pollution, with a low acidity (pH) level of around 
4-5 (Ariyetti et al., 2020). The ammonia content 
originates from the breakdown of the soybean 
raw material used in tofu production. 

Processing the levels of organic 
pollutants and ammonia present in tofu 
wastewater is essential to maintaining water 
quality and preventing pollution. One effective 
solution for treating tofu wastewater is the use of 
an Anaerobic Baffled Reactor (ABR) wastewater 
treatment unit. The ABR technology utilizes 
anaerobic microorganisms to decompose 
organic materials such as COD and other 
pollutants in the wastewater (Dengo et al., 2020). 
ABR has advantages in technical aspects with 
better pollutant removal efficiency and financial 
aspects with lower operational costs compared 
to Anaerobic Filters (AF) (Trihidayanti et al., 
2021). Additionally, ABR excels in energy 
efficiency because its process does not require 
aeration, which is typically the main cause of 
energy consumption in wastewater treatment 
systems.  

As an effort to utilize the high organic 
content in tofu wastewater, Microbial Fuel Cells 
(MFCs) technology offers additional potential for 
wastewater treatment. MFCs are a promising 
technology for generating electrical energy by 
leveraging waste and organic materials (Dewi et 
al., 2020). The illustration of MFCs is shown in 
Figure 1, where MFCs consists of one chamber 
for the anode electrode and one chamber for the 
cathode electrode. The anode electrode chamber 
is where anaerobic microbes break down organic 
matter, and through this process will release 
electrons and protons. Electrons will flow 
through an external circuit to the cathode 
electrode chamber which is in aerobic 
conditions, while protons pass through a proton 
exchange membrane connected to the cathode 
electrode chamber. This movement of electrons 
creates a potential difference between the two 
electrodes and becomes an electric current. In 
the cathode electrode chamber, there is an 
electrolyte solution. Electrons, protons, and 

oxygen in the cathode electrode chamber react to 
form water. This system not only treats 
wastewater but also produces electrical energy 
as a by-product (Mohyudin et al., 
2022;Saravanan et al., 2022). 

 
Figure 1. Working principle of Microbial Fuel 

Cells (MFCs) 

Significant factor influencing electricity 
production is the type of anode used. The 
electrode material for the anode in MFCs must 
possess good conductivity to support efficient 
electrical flow (Do et al., 2020). Other studies 
have shown that utilizing tofu wastewater with 
MFC technology using ceramic electrodes 
demonstrates high effectiveness, where an anode 
electrode surface area ratio of 3.57 with ceramic 
material results in a power density of 205.88 
mW/m² (Wafi et al., 2024). 

Further research on tofu wastewater 
treatment using a combination of MFCs and ABR 
aims to achieve two main objectives: to reduce 
environmental impact and to explore the 
potential for bioelectricity production. ABR 
technology plays a crucial role in decreasing 
organic content in the wastewater, while MFCs 
utilize the remaining organic materials to 
generate electrical energy. The application of this 
technology can significantly reduce ammonia 
concentrations and produce sufficient electrical 
energy for reuse in the production process. 
Implementing this technology not only aids in 
more effective waste management but also 
contributes to the efficient utilization of energy 
resources, aligning with the principles of 
sustainable development. 

Based on the background outlined 
above, this research focuses on analyzing the 
effect of different anode types on electricity 
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production and the efficiency of COD removal 
from tofu wastewater using a combined MFCs-
ABR reactor system. 
 
2. METHODS 

This study involves a series of steps that 
begin with the determination of the variables to 
be used. Four types of variables have been 
established to ensure that the research has a 
clear framework and produces accurate data. 
The constant variables include several important 
elements that will be kept constant throughout 
the study, namely tofu wastewater, the cathode, 
reactor volume, and the salt bridge. These 
variables were chosen because of their critical 
roles in the wastewater treatment process and 
energy output measurement. Next, the 
independent variables selected for this study 
include variations in anode type (Zinc and 
Stainless-steel) as well as variations in reactor 
residence time (0 hours; 24 hours; 48 hours; 72 
hours; 96 hours). These two variables 
demonstrate how changes in system 
configuration can affect processing efficiency and 
energy production. The control variable used is 
the initial pH of the wastewater, maintained 

within the range of 6.5 to 8.5 to ensure that the 
reactor conditions are optimal for the 
biochemical processes occurring. The dependent 
variables measured include electrical power 
(mW), and concentrations of COD and ammonia. 

In this study, the MFC reactor uses plate-
shaped electrodes installed in the anode 
compartment as the negative pole, while the 
cathode functions as the positive pole. Both 
electrodes are connected via alligator clips to 
connecting wires (external circuit). The 
generated voltage is observed and measured 
every 24 hours until reaching 96 hours using a 
digital multimeter. The anode chamber in the 
Anaerobic Baffled Reactor (ABR) is located in the 
second compartment. According to the research 
by (Liu et al., 2021), the second compartment 
exhibits the highest power density. This is due to 
the partial breakdown of organic compounds in 
the first compartment, which can reduce toxicity 
levels in the water flow. This reduction in toxicity 
allows the second compartment to receive better 
nutrient supply and maintain lower toxicity 
levels for microorganisms compared to other 
compartments. The reactor design used in this 
study is illustrated in Figure 2 as follows. 

 
Figure 2. Schematic representation of the Microbial Fuel Cells (MFCs) Integrated with an Anaerobic 

Baffled Reactor (ABR) 
 

In the Figure 2, the cathode and anode 
are labelled according to their actual materials: 
B1 and B2 that represent cathodes made of 
copper (Cu), while D1 and D2 anodes made of 
zinc (Zn) and stainless steel (SS), respectively. In 

the actual experimental setup, both reactors 
utilized the same cathode material copper 
ensuring consistent cathodic conditions. 
Consequently, the electrode pair configuration 
for Reactor 1 is Zn/Cu (zinc anode, copper 
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cathode), and for Reactor 2 is SS/Cu (stainless 
steel anode, copper cathode). 

Figure 3 shows a detailed illustration of 
the external wiring circuit connecting the anode 
and cathode electrodes. The anode and cathode 
electrodes chambers are each connected by an 
external cable—a black cable for the anode and a 
red cable for the cathode—which is connected to 
an electrical measuring instrument (Avometer) 
to measure the voltage or electric current 
produced.  

 
Figure 3. Microbial Fuel Cells (MFCs) Circuit 

Schematic with Avometer 

 
3. RESULTS AND DISCUSSION 
The Effect of Anode Type on the Generated 
Voltage Value 

The type of anode and residence time 
have an impact on the voltage generated in 
Microbial Fuel Cells (MFCs). Data from the graph 
indicate an increase in the electrical voltage 
produced by the MFCs with zinc or stainless-steel 
anodes as the residence time increases. This 
suggests that the metabolic processes by 
microorganisms improve with longer 
operational time in the reactor, as evidenced by 
the rising voltage generated from these 
metabolic processes. The enhancement in 
metabolism occurs because, over time, the 
organic compounds become simpler, which 
affects the performance of the MFCs. MFC 
efficiency tends to increase when the substrate 
being processed by microorganisms is simpler 
(Novriandy et al., 2021). 

Based on Figure 4, the stainless-steel 
anode at 0 hours of residence time produces a 
higher voltage (0.37 V) compared to the zinc 
anode (0.30 V), indicating that stainless-steel has 

better electron transfer efficiency at the initial 
stage. The generated voltage remains relatively 
low because the microbes have not fully adapted 
and optimal biofilm formation on the anode 
surface has not yet occurred. As the residence 
time increases, the microbial population on the 
anode rises and becomes more active in 
anaerobic respiration. This microbial activity 
plays a crucial role in the oxidation of organic 
substrates, generating electrons that are then 
transferred from the anode to the cathode. 

 
Figure 4. Correlation Between Voltage and 

Retention Time Using Different Anode Types 

The use of a zinc anode shows a 
significant increase in voltage from 0.35 V at 24 
hours to 0.94 V at 96 hours, with the largest 
increase occurring between 48 and 72 hours 
(from 0.41 V to 0.73 V). This increase indicates 
zinc's ability to support the formation of a more 
stable microbial biofilm and efficient electron 
transfer. Conversely, the stainless-steel anode 
produces a higher initial voltage (0.53 V at 24 
hours), reaching a maximum of 0.89 V at 96 
hours. This suggests that stainless-steel may be 
better at electron transfer in the early stages but 
is less efficient in the long term compared to zinc. 
Selecting the appropriate anode in MFCs is 
crucial, as zinc demonstrates advantages in 
efficiency and long-term stability, while 
stainless-steel is more optimal for scenarios 
requiring a quick initial response but does not 
maximize voltage over a longer period. In 
addition to voltage, another parameter measured 
to obtain electrical power (mW) is the electric 
current (I). 

The Effect of Anode Type on the Generated 
Electric Current Value 

Based on Figure 5, the electric current 
produced in each reactor ranges from 0.14 to 
0.40 mA. During the running process, the highest 
current value is generated in the reactor with a 
zinc anode at a retention time of 96 hours, which 
is 0.40 mA. The zinc anode produces a higher 
current compared to the stainless-steel anode at 
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every time interval. At a retention time of 0 
hours, the current generated by the zinc anode is 
0.17 mA, which is higher than the 0.14 mA 
produced by the stainless-steel anode. This 
indicates that the zinc anode has better 
capabilities in facilitating electron transfer 
during the initial stages of the process. As the 
retention time increases, the current generated 
by both types of anodes continues to rise, but the 
increase is more significant for the zinc anode. 
The notable increase in electric current from 48 
to 96 hours suggests that microbial activity 
begins to play an effective role in degrading 
organic compounds. Microorganisms thrive by 
utilizing organic materials in the wastewater as a 
nutrient source, which are then converted into 
energy and new microbial cells (Ibrahim et al., 
2019). At a retention time of 96 hours, the 
current generated by the zinc anode reaches 0.40 
mA, while the stainless-steel anode only reaches 
0.20 mA. This difference indicates that the zinc 
anode is more effective in supporting microbial 
activity and the electron transfer necessary for 
producing higher currents. The significant 
increase observed with the zinc anode suggests 
that this material can maintain a more 
supportive environment for microbial growth, 
enhancing its performance in MFCs. In contrast, 
the stainless-steel anode shows a slower and 
more limited increase, which may be attributed 
to its magnetic surface characteristics that affect 
interaction with microorganisms or its lower 
electron transfer efficiency (Wang et al., 2023). 

The results of the measurements 
between the increase in voltage and electric 
current do not show significant differences, as 
both voltage and current increase with longer 
retention time in the reactor. After measuring 
voltage (V) and electric current (mA), the values 
of both are multiplied to calculate the electrical 
power (mW), which is one of the outcome 
parameters in this study. 

 
Figure 5. Correlation Between Electric Current 

and Retention Time Using Different Anode 
Types 

The Effect of Anode Type on the Produced 
Electrical Power (mW) 

Based on Figure 6, there is an increase 
in power values as retention time in the reactor 
increases, which corresponds to the rise in 
voltage and electric current produced in each 
reactor. The combination of Microbial Fuel Cells 
(MFCs) and Anaerobic Baffled Reactor (ABR) 
technology is effective in treating wastewater 
from the tofu industry, with the use of a zinc (Zn) 
anode in the MFCs system producing the highest 
power density of 4.17 mW.h (Afif, 2020). This 
research finding is also related to the generated 
data, which shows a significant difference 
between the two types of anodes in terms of 
electrical power produced over time. The 
electrical power in the reactor with the zinc 
anode increased from 0.07 mW at 24 hours to 
0.38 mW at 96 hours, with a significant increase 
between 48 and 72 hours, rising from 0.09 mW 
to 0.22 mW/m². The stainless-steel anode 
increased electrical power from 0.08 mW at 24 
hours to 0.18 mW at 96 hours. Although the 
stainless-steel anode produced higher power at 
the initial stages (24 to 48 hours), increasing 
from 0.08 mW to 0.12 mW, its rate of increase 
slowed compared to zinc, which experienced the 
most significant rise between 24 and 48 hours. 
This data indicates that the zinc anode is superior 
in generating higher power as retention time 
increases, demonstrating better efficiency in 
supporting electrochemical reactions and long-
term stability. While the stainless-steel anode is 
more effective initially, it fails to maintain a 
significant increase in electrical power over time. 

 
Figure 6. Correlation Between Electrical Power 

and Retention Time Using Different Anode 
Types 

One factor that can influence energy 
production is the type of anode. The zinc anode is 
better at supporting bio-electrochemical 
processes, which lead to increased electrical 
power, as the microbial biofilm becomes more 
mature and efficient in electron transfer. This is 
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due to zinc's high adsorption capability, allowing 
microorganisms to attach to the electrode 
surface in significant numbers (Radi et al., 2017). 
Additionally, zinc has a standard potential value 
of -0.76 in the electrochemical series (Akbar et 
al., 2017). In contrast, stainless-steel is an iron 
alloy that contains 10.5% chromium to prevent 
corrosion, with iron (Fe) positioned to the left in 
the electrochemical series and having a standard 
potential value of -0.44 (Ibrahim et al., 2019). A 
metal located further to the left in the 
electrochemical series tends to react more easily 
and release electrons. Conversely, metals 
situated further to the right tend to be more 
resistant to losing electrons (Nasution, 2019). 

 
COD Removal from the MFCs-ABR Reactor 
Combination Process 

The efficiency of COD removal in tofu 
wastewater during the process using a 
combination of Microbial Fuel Cells (MFCs) with 
Anaerobic Baffled Reactor (ABR) ranges from 
33.01% to 55.85%. Throughout the study, the 
reactor was able to reduce the COD 
concentration in the tofu wastewater. The 
efficiency of COD reduction at this stage is 
evaluated based on the reduction of influent COD 
levels, maintaining the same concentration 
across each reactor. According to Figure 7, the 
reactor using a zinc anode showed the highest 
COD removal efficiency, achieving 55.85% with a 
remaining COD concentration of 3525 mg/L. In 
contrast, the stainless-steel reactor experienced 
a reduction of 52.80% with a COD concentration 
of 3769 mg/L. The highest efficiencies in both 
reactors were achieved at the same retention 
time of 96 hours. This indicates that the retention 
time plays a crucial role in the efficiency of COD 
removal. According to (Susilo et al., 2016) longer 
contact between microorganisms and 
wastewater allows for a more efficient 
processing. 

 
Figure 7. The Correlation Between COD 

Removal and Retention Time Using Different 
Anode Types 

The reduction of COD concentration has 
proven to be more effective in reactors utilizing 
zinc anodes compared to those using stainless-
steel anodes. This is attributed to the 
exceptionally high adsorption capacity of zinc, 
which allows microorganisms to adhere firmly 
and effectively to the electrode surface. The 
microorganisms present in the reactor tend to 
thrive and attach more efficiently to the zinc 
anode, significantly enhancing the process of 
COD degradation in the treated wastewater. 
Therefore, the use of zinc anodes not only 
improves the overall efficiency of the treatment 
process but also supports the sustainability and 
effectiveness of the wastewater treatment 
system as a whole. 

 
Ammonia Removal from the MFCs-ABR 
Reactor Combination Process 

Based on Figure 8, the ammonia 
removal efficiency during the running process 
using the combination of Microbial Fuel Cells 
(MFCs) and Anaerobic Baffled Reactor (ABR) 
ranges from 13.41% to 40.24%. Both reactors 
exhibit the lowest ammonia removal values at a 
retention time of 24 hours, where the reactor 
utilizing a zinc anode and the one using a 
stainless-steel anode show respective ammonia 
concentration reductions of 13.41% and 17.07%. 
The highest ammonia removal efficiency is 
achieved in the reactor with a zinc anode, which 
is capable of removing ammonia by 40.24% at a 
retention time of 96 hours, resulting in a final 
ammonia concentration of 4.9 mg/L. In contrast, 
the stainless-steel anode at the same retention 
time of 96 hours displays a lower removal 
efficiency of 24.34%, with a final ammonia 
concentration of 6.2 mg/L. However, both 
reactors demonstrate peak results at the same 
retention time of 96 hours, indicating that given 
sufficient time, the biological and 
electrochemical processes within the MFCs can 
reach optimal efficiency. Additionally, 
throughout the ongoing operational process, the 
zinc anode consistently exhibits a higher level of 
efficiency in ammonia removal when compared 
to the stainless-steel anode. This suggests that 
the electrokinetic characteristics of the zinc 
anode are more compatible with the 
environment found within the Microbial Fuel 
Cells (MFC) system, thereby facilitating 
biological processes and redox reactions that 
occur with greater efficiency. 
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Figure 8. The Correlation Between Ammonia 
Removal and Retention Time Using Different 

Anode Types 
 

4. CONCLUSION 
The type of anode has a significant 

impact on electrical power generated in the 
combined Microbial Fuel Cells (MFCs) and 
Anaerobic Baffled Reactor (ABR) system. The 
zinc anode outperformed the stainless-steel 
anode, particularly at longer retention times. At a 
retention time of 96 hours, the zinc anode 
produced an electrical power output of 0.38 mW, 
then the stainless-steel anode produced an 
electrical power output of 0.18 mW. Although 
stainless-steel exhibited a higher initial voltage, 
its increase slowed over time. The zinc anode was 
also more effective in supporting the formation 
of microbial biofilm and in facilitating electron 
transfer. 

Both reactors demonstrated the highest 
removal efficiency for COD parameters at a 
retention time of 96 hours, with the zinc anode 
achieving 55.85% and the stainless-steel anode 
reaching 52.80%. Furthermore, the maximum 
reduction of ammonia parameters also occurred 
in the reactor using the zinc anode at 96 hours, 
achieving a removal efficiency of 40.24%. 
Therefore, the zinc anode proves to be more 
optimal in the MFCs-ABR combination system for 
generating bioelectricity and removing both COD 
and ammonia from soy waste water. 
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