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technology, the study investigates how electrode configurations (packed
vs. planar) and materials (graphite, carbon cloth, aluminium mesh)

Keywords impact performance. The objectives were to optimize electrode design
Dirt Powered Fuel Cell (DPFC), for maximum electricity output and develop a system capable of
Microbial Fuell Cells (MFC), powering a DC load. The methodology involved constructing three test
Chambers, Electrodes and Materials ~ chambers which are Chambers A, B, and C with varying materials and
Configuration, Series-Parallel DPFC configurations, monitoring voltage, current density, and power density

over four days. Quantitative findings revealed that Chamber C, with a
planar electrode arrangement combining carbon cloth and aluminium
mesh, achieved the highest metrics voltage of 602 mV, the current
density of 2.95 mA/m2 and power density of 1,777 uW/mz. Finally, a
series-parallel assembly of 24 such fuel cells produced 8V at 50 mA,
sufficient to light a 5V bulb and indicate practical viability. The study
concludes that judicious selection of electrode materials and
configurations substantially enhances DPFC output, demonstrating its
promise as an eco-friendly small-scale energy source.

1. Introduction

The Dirt Powered Fuel Cell (DPFC) also known as Microbial fuel cells (MFCs) is innovative bio-electrochemical
devices that convert chemical energy into electrical energy by utilizing the metabolic activities of
microorganisms. These systems are gaining attention as a sustainable energy technology due to their ability to
use organic matter and renewable substrates for electricity generation. In the fundamentals of Microbial Fuel
Cells (MFCs), ]. Dziegielowski et al. highlights that the MFC systems use electrogenic bacteria to convert the
chemical energy of organic substrates into electrical energy, simultaneously degrading the pollutants [1]. Naaz
et al. have highlighted within MFCs, electrodes and bacteria work together to form biofilms on the anodic surface
that speed up the conversion of complex organic materials into valuable energy through microbial metabolism
[2]. In working principle of MFCs, G. Palanisamy et al. has examined a traditional MFCs consists of an anaerobic
anode chamber and an aerobic cathode chamber that is either open to the air or submerged in aerated solutions
[3]- These compartments are partitioned by a proton exchange membrane, which lets protons pass from the
anode to the cathode. An external circuit connects the anode and cathode terminals, allowing electrons to move
more freely. Electrons and protons produced by the catalytic oxidation of the substrates in the anode chamber
react with the oxygen in the cathodic chamber to form water [3].

There are factors that influence output generation from MFCs such as types of soil, materials and types of
electrode, and also electrode configurations. For example, in the research by Prasad et al. has studied that the
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type of soil that they used on their research on electricity generation is using soil in microbial fuel cells (MFCs),
which is sediment or soil serves as a natural and abundant source of electroactive microorganisms [14]. These
microbes metabolize organic matter present in the soil, releasing electrons that are captured by an anode and
transferred through an external circuit to the cathode, completing the electron flow and generating electricity.
The various electrode materials have been studied to enhance electricity generation and system efficiency.
Carbon-based materials, such as graphite fiber, carbon felt, and carbon cloth, are widely used due to their high
conductivity, biocompatibility, and resistance to corrosion [15-19]. These materials provide a large surface area
for microbial adhesion, making them ideal for long-term applications, though their higher cost can be a
limitation. Metal-based electrodes like copper and zinc have demonstrated promising performance in terms of
power density and open-circuit voltage. Wei et al. has examined three electrode configurations used in Microbial
Fuel Cells (MFCs) which are planar, packed, and brush structures, each offering distinct advantages based on
surface area and bacterial adhesion [13]. Planar structures, made from materials like carbon paper, graphite
plates, and carbon cloth, provide smooth surfaces suitable for biomass measurements but suffer from limited
specific surface areas, impacting bacterial growth and energy generation. Packed structures, utilizing granular or
irregularly shaped carbon materials like graphite granules or carbon felt, significantly increase the surface area,
enhancing bacterial adhesion and electron transfer. However, they are prone to clogging and dead zones,
affecting current collection efficiency over time.

Based on the reviewed studies, several research gaps are identified in the development of microbial fuel
cells (MFCs). For soil types Prasad et al. have shown that soil and sediment act as natural sources of
electroactive microorganisms, there is limited comparative analysis on how different soil types such as clay,
loamy, or sandy soils that affect microbial activity and electricity generation, as well as insufficient investigation
into variables like pH, moisture, and nutrient content. Regarding electrode materials, although carbon-based and
metal electrodes have been explored for their conductivity and biocompatibility, there is a lack of long-term
performance evaluations, studies on hybrid electrodes, and the use of sustainable or low-cost local materials. In
terms of electrode configurations, the research by Wei et al. highlighted the strengths of planar, packed, and
brush structures and a comprehensive comparison under identical conditions, development of adaptive or
modular configurations, and analysis of real-world scalability and maintenance challenges remain
underexplored.

There are several challenges in order to achieve the optimal output generation from MFCs regarding on
their types of soil, materials and types of electrode, and also electrode configurations. Understanding how
different electrode configurations specifically packed versus planar that affect electricity output, which packed
electrodes offering greater surface area for microbial attachment and electron transfer, while planar electrodes
provide simplicity and scalability. Additionally, the choice of electrode materials plays a vital role, as factors such
as conductivity, biocompatibility, and durability directly impact MFC performance. Although carbon-based
materials are commonly used, metals like stainless steel and aluminum present more affordable alternatives, yet
their effectiveness in various configurations, especially in soil-based systems, has not been thoroughly
examined. Compounding these issues is the absence of a standardized evaluation framework, which makes it
difficult to compare designs and materials across studies due to inconsistencies in testing conditions and
measurement methods. Comprehensive research is therefore essential to identify optimal configurations and
materials for enhancing the efficiency and scalability of MFCs. Therefore, this project to investigates the
fundamental principles of Dirt Powered Fuel Cell (DPFC), focusing on the impact of electrode materials and
electrode configurations such as packed and planar on electricity output. Secondly, to investigate the
performance of DPFC under varying electrode configurations to identify the optimal combination for enhanced
power generation efficiency and to develop a functional DPFC system that capable of powering a load especially
DC load such as a bulb by designing an appropriate connection method which series-parallel for effective energy
utilization.

2. Methodology

2.1 Flowchart of The System

This flowchart shows the working and testing process of a Dirt Powered Fuel Cell (DPFC) system. It begins with
a DPFC setup based on black soil, where microbial reactions occur of oxidation at the anode and reduction at the
cathode is producing a DC electrical output. The system then compares planar and packed electrode
configurations to determine which yields optimal electricity, with planar configuration selected for its better
performance. The DPFC units are then connected in a series-parallel configuration to optimize both voltage and
current output. This output is passed through a DC-DC booster to step up the voltage to a usable level. If the
booster functions correctly, the output is directed to a rechargeable battery for energy storage. The stored
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energy is then used to power electrical loads, such as DC bulbs. If the rechargeable battery is unable to power
the load, troubleshooting is required at either the booster or battery output stage. If successful, the system
operates effectively, completing the energy conversion and delivery cycle. In Fig. 1 shows the flowchart of the

system in DPFC.
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Electrode reaction which anode reacts to oxidation and cathode reacts to reduction of DPFC
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Fig. 1 The flowchart of the system in DPFC
2.2 Hardware Implementation of DPFC
In this project, the circuit designed for the DPFC divided in two stages. In Fig. 2 shows the early of hardware

implementation of DPFC which for the DPFC electrode configurations of planar and packed. Fig. 3 shows the top

view (a), side view (b) and front view (c) of the final stage of hardware implementation of DPFC for the DPFC
connection circuit of series-parallel.
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Fig. 3 The final stage of hardware implementation of DPFC (a) Top view (b) Side view (c) Front view

2.3 Experimental Setup of DPFC

174

In experimental setup for Chamber A is packed electrode configuration while Chamber B and Chamber C both
are planar electrode configurations. There are 2 anode and 2 cathode electrodes are been used in Chamber A, B
and C which both electrodes are connected in series connection. These experimental setups are to identify either
the packed electrode or the planar electrode configurations of Chamber A, B & C shows the optimal output of
electricity generation. Chamber A, the material and types of electrode that been used are graphite rod in both
anode and cathode electrodes. Chamber B, the materials and types of electrode that been used are graphite felt
sheet in anode electrodes and aluminum plate in cathode electrodes. Chamber C, the materials and types of
electrode that been used are carbon cloth mesh in anode electrodes and aluminum mesh in cathode electrodes.
In Fig.4 shows the experimental setups of DPFC for Chamber A (a), Chamber B (b) and Chamber C (c).
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Fig. 4 The experimental setups of chamber (a) Chamber A (b) Chamber B (c) Chamber C

2.4 Implementation Setup of Series-Parallel DPFC

The implementation setup of series-parallel DPFC is based on the experimental setups of Chamber A, Chamber B
and Chamber C which each of the chamber gave the optimal output electricity. As the results, Chamber C is
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giving the best optimum of output electricity in DPFC. Therefore, the electrode configurations, materials and
types of electrode for series-parallel DPFC are based on experimental setup of Chamber C. The implementation
setup of series-parallel DPFC also can power up or distribute its electricity to electrical load especially in DC load
such as bulbs in order to achieve the objectives of the project. Fig. 5 shows the schematic circuit diagram of the
power management system DPFC which to supply the electrical DC load. In Fig.6 shows the construction of
single fuel cells of DPFC while Fig. 7 represent as a series connection of 12 fuel cells of DPFC. In Fig. 8 shows that
the complete circuit of series-parallel connection of DPFC which divided into 2 set (Set A and Set B) that

represented a series connection of 12 fuel cells of DPFC.
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Fig. 5 The schematic diagram of the power management system of DPFC

Carbon Cloth Mesh
(+ve) Electrode

Aluminum Mesh (-ve)
Electrode

Fig. 7 The series connection of 12 fuel cells of DPFC for Set A and Set B
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Fig. 8 The complete circuit of series-parallel connection of DPFC
3. Results and Discussion

3.1 Outcome Results of Experimental Setup of DPFC

The initial results of the project have been discussed in details with various of data collection and analysis based
on voltage, current density and power density of DPFC. The data collection has been collected within 4 days as
the initial results of analysis. Table 1 shows the data collection of voltage of DPFC that has been collected in
Chamber A, Chamber B and Chamber C within 4 days. Fig. 9 shows the graph of voltage (mV) versus time (Day).
In Table 2 shows the data collection of current density of DPFC that has been collected in Chamber A, B and C
within 4 days. Fig. 10 shows the graph of current density (mA/m"2) versus time (Day). Table 3 shows the data
collection of power density of DPFC that has been collected in Chamber A, B and C within 4 days. Fig. 11 shows
the graph of current density (WW/m*"2) versus time (Day).

Table 1 The data collection of voltage (mV) of DPFC within 4 days

Chamber Voltage (mV)
Section
Day 1 Day 2 Day 3 Day 4
A 18 24 28 33
B 406 438 460 500
C 533 570 590 602
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Graph of Voltage (mV) vs Time (Day)
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Fig. 9 The graph of voltage (mV) versus time (Day)

Based on the data collection of Table 1 reveals distinct voltage outputs for three different chambers over four
days. Chamber A exhibited a gradual increase in voltage, starting from 18 mV on Day 1 and reaching 33 mV on
Day 4, reflecting slow microbial activity due to its packed electrode configuration. Chamber B demonstrated
moderate voltage output, increasing from 406 mV on Day 1 to 500 mV on Day 4, which can be attributed to its
planar electrode configuration using graphite felt sheets and aluminum plates that enhance electron transfer.
Chamber C showed the highest performance, with voltage rising from 533 mV on Day 1 to 602 mV on Day 4,
owing to the use of carbon cloth mesh and aluminum mesh in its planar electrode configuration, which likely
improved the surface area for microbial activity and facilitated better electron transfer. Therefore, Chamber C
being the most efficient, followed by Chamber B, and Chamber A producing the lowest output.

Table 2 The data collection of current density (mA/m*2) of DPFC within 4 days

Chamber Current Density (mA/m*"2)
Section
Day 1 Day 2 Day 3 Day 4
A 0.14 0.186 0.217 0.256
B 3.172 3.422 3.594 3.906
C 2.613 2.794 2.892 2.95

Graph of Current Density (mA/m?) vs Time (Day)
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Fig. 10 The graph of current density (mA/m"2) versus time (Day)



179 Progress in Engineering Application and Technology Vol. 6 No. 2 (2025) p. 171-183

In data collection on Table 2 shows the current density (mA/m?) of the DPFC, which highlights the performance
of the three chambers over four days. Chamber A exhibited the lowest current density, starting at 0.14 mA/m?
on Day 1 and steadily increasing to 0.256 mA/m? on Day 4, which corresponds to its low voltage output and
limited microbial activity. Chamber B demonstrated the highest current density among the chambers, starting at
3.172 mA/m? on Day 1 and rising to 3.906 mA/m? by Day 4. This superior performance is attributed to its
planar electrode configuration with graphite felt sheets and aluminum plates, which facilitated efficient electron
transfer. Chamber C also showed notable performance, with current density increasing from 2.613 mA/m? on
Day 1 to 2.95 mA/m? on Day 4. Although Chamber C had the highest voltage output while its current density was
slightly lower than Chamber B due to differences in electrode materials and microbial activity. As the results, the
current density of Chamber B is leading the most efficient, followed by Chamber C and Chamber A.

Table 3 The data collection of power density (uW/m*2) of DPFC within 4 days

Chamber Current Density (UWW/m*2)
Section
Day 1 Day 2 Day 3 Day 4
A 2.52 4.64 6.076 8.448
B 1288 1500 1653 1953
C 1393 1593 1706 1777

Graph of Power Density (ulW//m~2) vs Time (Day)
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Fig. 11 The graph of power density (uW/m*2) versus time (Day)

Table 3 shows the data collection of power density (uWW/m?) for the DPFC which demonstrates the efficiency of
energy generation across the three chambers over four days. Chamber A consistently displayed the lowest
power density, beginning at 2.52 uW/m? on Day 1 and gradually increasing to 8.448 pyW/m? by Day 4. This
limited performance is due to the simpler electrode configuration and less effective electron transfer. Chamber B
achieved moderate power densities, starting at 1288 pW/m? on Day 1 and climbing steadily to 1953 uW/m? by
Day 4. This performance highlights the influence of its electrode configuration, which effectively enhanced
microbial activity and electron transport. Chamber C exhibited the highest power density throughout the
observation period, with values starting at 1393 uyW/m? on Day 1 and rising to 1777 pyW/m? on Day 4. This
superior performance can be attributed to the efficient interaction of its electrode materials with the microbes,
optimizing energy output. Therefore, the data emphasize that power density of Chamber C outperforming the
other chambers, followed by Chamber B and Chamber A.

Overall, based on the analysis of voltage, current density, and power density over four days, Chamber C

consistently demonstrated the best overall performance in optimizing electricity output of the DPFC. While
Chamber B recorded the highest current density and Chamber C achieved the highest voltage and power density,
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indicating more efficient energy generation due to its planar electrode configuration using carbon cloth mesh
and aluminum mesh, which likely enhanced microbial activity and electron transfer. The results indicated that
Chamber C, which used a planar configuration with carbon cloth and aluminum mesh, produced the highest
voltage and current output, thereby confirming that electrode material and configuration significantly impact
electricity generation. It is discussed that the aims goal of the objective 1 and objective 2 on this project was
effectively met. This directly supports the objective’s intention to understand how electrode choices influence
performance of DPFC in order to identify the optimal combination for enhanced power generation efficiency.

3.3 Outcome Results of Series-Parallel of DPFC

The Chamber C have been selected to be improvise and optimize the output electricity of DPFC in order to
achieve the objectives of the project. Based on that configuration, a series-parallel of DPFC have been
constructed as the new construction implementation of DPFC. The outcome results of that configuration will be
focus on data analysis of voltage and current output, boosting voltage output on DC-DC booster of DPFC, and the
charging and discharging process of rechargeable battery that supply to electrical DC load such as DC light bulbs.
Table 4 shows the data collection of voltage and current output of series-parallel DPFC.

Table 4 The data collection of voltage and current output of series-parallel DPFC

Connections Voltage Output (V) Current Output (mA)

Series-Parallel 8.0 50

Table 4 highlights the electrical performance of the Dirt Powered Fuel Cell (DPFC) when connected in a series-
parallel configuration, showing a significant improvement in output values. Specifically, the setup achieved a
voltage output of 8.0 volts and a current output of 50 milliamperes (mA), demonstrating the effectiveness of
combining both series and parallel connections to optimize power generation. The series connection contributes
to increasing the overall voltage, while the parallel arrangement enhances the current output, resulting in a
balanced and more efficient energy supply. This configuration proves to be a practical approach to maximizing
the electricity output of the DPFC system, indicating its potential for scalable and reliable applications in
sustainable energy generation.

Table 5 The data collection of boosting voltage on DPFC

Components Voltage Input of Voltage Output Duration
Booster (V) of Booster (V)  Boosting Period
Series-Parallel 8.0 2.25 30 minutes
of DPFC

Based on the data shown in Table 5, the boosting process appears ineffective during that period because the
output voltage of 2.25V is significantly lower than the input voltage from the DPFC of 8.0V, which is the
opposite of the intended function of a DC-DC booster. Supposedly, the working boost converter should increase,
not decrease, the voltage. This discrepancy suggests a few possible issues such as the booster module may be
incorrectly configured like wrong output setting, damaged, or incompatible with the very low current supplied
by the DPFC. Additionally, the input current capability of the DPFC might be insufficient to drive the boost
converter effectively, especially if the converter requires a certain minimum load or startup voltage under real
current draw. Due to the low current series-parallel DPFC in this project which is 50mA may cause the lower
voltage output of booster in order to boost up the voltage. Therefore, as the results this boosting is not
successfully achieve the exact expectation of the project which need to boost up voltage output to charge the
battery at battery storage in DPFC.

e
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Table 6 The data collection of charging and discharging process with load and without load on DPFC

State of Charge Condition of Duration Time Normal Voltage Output
Electrical Load of Process Condition of of The Battery
The Battery
Discharging With load 30 minutes 14.8V 10.5V
(2 DC light
bulbs)
Charging Without load 30 minutes 10.5V 10.5V

Table 6 shows the data collection of charging and discharging process with load and without load on DPFC. As
the results, the charging process appears ineffective because the battery voltage remained at 10.5V, with no
noticeable increase after 30 minutes. This indicates that the battery was not effectively charged. The main
reason lies in the mismatch between the output of the DPFC and the charging requirements of the battery.
Firstly, the battery’s nominal voltage is 14.8V, its need at least 14.4-15V input for rechargeable battery (Li-ion)
to initiate a proper charging. In this project, a series-parallel of DPFC only provides 8V, which is insufficient to
overcome the internal resistance of the battery and initiate charging. Even if the voltage were adequate, the
current output of 50mA is very low, which leads to extremely slow or negligible charging, especially for higher-
capacity batteries. Furthermore, the booster is not functioning correctly, since the lower current of a series-
parallel of DPFC that cannot be stepped up to the required charging voltage. As a result, the battery receives
neither sufficient voltage pressure to charge nor enough current to accumulate significant energy. This explains
why the voltage of the battery stayed nearly constant at 10.5V, showing no effective charging occurred.

Overall, the objective 3, which aims to develop a functional DPFC system capable of powering a load such as
a DC light bulb using a series-parallel connection method was not achieved. Since, the boosting process which
essential for further validating the output is failed to perform as expected. Although the DPFC system produced
8V in series-parallel configuration and the DC-DC booster only produced 2.25V, far below the required level to
demonstrate enhanced system efficiency. Although the series-parallel configuration improved the raw output of
the DPFC to 8V and 50mA, but the system failed to charge the battery due to insufficient voltage and current, and
consequently could not deliver consistent power to the DC light bulb. The battery voltage remained unchanged
during charging, and only discharged when powering the bulb, indicating that the DPFC system in its current
state, could not function independently to support a load.

3.5 Limitations and Recommendations Outcome Results of Series-Parallel of DPFC

Based on the data presented in Tables 4, 5, and 6, the overall performance of the Dirt Powered Fuel Cell (DPFC)
system demonstrates both potential and limitations in its current design, particularly regarding its ability to
support practical energy storage applications. Table 4 shows that the series-parallel configuration of DPFC
successfully generated a stable voltage of 8.0 V and a current of 50 mA, indicating that combining series and
parallel connections effectively balances voltage and current output. However, Table 5 reveals a critical issue
with the DC-DC booster, which failed to perform its intended function of increasing the voltage instead, it
outputted only 2.25 V which far lower than the DPFC input of 8.0 V. This unexpected result suggests limitations
related to the booster module’s configuration, compatibility, or operational threshold, possibly caused by the
DPFC's low current output, which may fall below the minimum requirement for the booster to function properly.
Table 6 further emphasizes the system’s shortcomings, showing that the charging process was ineffective, as the
battery voltage remained at 10.5 V after 30 minutes, well below the required 14.4-15 V for lithium-ion batteries.
The combination of insufficient voltage from the DPFC and the non-functional booster prevented the system
from meeting the charging threshold, and the low current of 50mA, further hindered the ability to deliver
meaningful energy to the battery.

These findings highlight several key limitations which the current DPFC output is too low to meet the
operational requirements of common energy storage systems as well as the DC-DC booster module either lacks
proper configuration or is incompatible with low-power sources and also the system lacks a proper integration
strategy between power generation, voltage regulation, and energy storage. For the recommendations in this
project, improve the DPFC's current output by optimizing electrode materials, configurations, and substrate
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composition to support higher microbial activity and electron transfer. Selecting a DC-DC booster designed
specifically for ultra-low power inputs, or incorporating a supercapacitor buffer to stabilize and amplify the
voltage input before entering the booster, could improve conversion efficiency. Matching the storage component
battery to the capabilities of the DPFC such as using lower-voltage, lower-capacity batteries or energy storage
devices like supercapacitors that would ensure better compatibility. Implementing real-time voltage regulation
and load management could prevent system inefficiencies and improve energy capture and storage. These
recommendations are essential to enhance the reliability, efficiency, and practical application of DPFC systems
for renewable energy solutions.

4. Conclusion

In conclusion, the project successfully demonstrated the construction and evaluation of a dirt-powered fuel cell
system, meeting the primary objectives of analyzing electrode configurations and material impacts. The planar
electrode configuration, particularly in Chamber C, provided the highest electricity output, validating the choice
of carbon-based anode and metal-based cathode materials. The series-parallel configuration improved voltage
and current output, confirming its benefit for power optimization. However, the system failed to boost voltage
adequately and charge a battery, revealing critical limitations in the power electronics integration. These
findings serve as a valuable reference for enhancing MFC systems in future research toward practical and
sustainable energy applications. Therefore, in the future work should focus on improving the power
management system of the DPFC, especially by selecting more suitable DC-DC boosters that can operate
efficiently at low input currents typical of microbial fuel cells. Additionally, incorporating supercapacitors for
energy buffering or selecting a lower-voltage, smaller-capacity battery may provide a better match for the
DPFC’s output. Advanced microbial cultivation techniques or soil amendments can also be explored to improve
consistency and power density. Finally, integrating real-time monitoring systems could support long-term
analysis and scaling of DPFCs for broader sustainable energy applications.
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