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This study investigates the impact of reactor architecture and biocompatibility of anode material on wastewater
treatment and power generation in single-chamber (SC) and dual-chamber (DC) microbial fuel cells (MFCs) by
utilizing different bacterial food cultures. Comparison between graphite-coated Cu (composite) and 304L
stainless steel (55) anodes is presented under optimized pH (7.13) and temperature (34 °C). Food cultures,
especially buttermilk with an acetic acid substrate, significantly enhanced power density (PD), achieving 2.17
W/m? using composite anode and 1.67 W/m? using SS in SCMFCs. Mixed food cultures raised performance by

~50 % achieving 3.31 W/m? and 2.97 W/m? using composite and SS anodes respectively. High chemical oxygen
demand (COD) removal rates (68 %) confirm effective wastewater treatment. These findings suggest that
macroporous composite anodes can improve microbial compatibility and power output in MFCs, with optimal
performance observed at neutral pH and ambient temperatures.

1. Introduction

Microbial fuel cells (MFCs) are bioelectrochemical devices that treat
wastewater and generate green electricity via anaerobic oxidation of
organic substrates. Exoelectrogenic bacteria on the anode decompose
organics, generating electrons that flow to the cathode, completing the
circuit through oxygen reduction. Enhancing PD cost-effectively in
MFCs requires optimized bioanode materials and configurations [1,2].

Optimizing reactor design (electrode size, spacing, and surface area),
solution chemistry (conductivity, buffer capacity, pH, and temperature),
and electrode performance is crucial to maximizing MFC power output
[2]. While chemical catalysts like ferricyanide enhance cell potential
[4]1, the high cost of cathode materials limits MFC commercialization
[5]. Research now emphasizes advanced anode materials, as they criti-
cally influence extracellular electron transfer (EET), bacterial adhesion,
substrate degradation, and biofilm formation [6,7]. Despite these ad-
vancements, the high cost and availability of suitable anode materials
remain barriers to widespread MFC adoption [2].

Anode materials in MFCs have commonly included carbon-based,
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metal/metal oxide, and conductive polymer composites [9]. Precious
metals like gold, prized for high conductivity, were initially popular,
while transitional metals (copper, nickel, titanium, aluminum and
stainless steel) offered cost savings but showed corrosion and expense
issues [10,11]. Traditional carbon materials, though economical, suffer
from low conductivity [12], requiring surface modifications such as such
as heating [13], nitric acid activation [14], acid soaking [15], and
ammonia treatments [16] to improve efficiency. Aziz et al. reported that
N-doped reduced graphene oxide (rGO)-modified carbon aerogels from
paper waste achieved a PD of 1.468 W/m?, showing cost-effective im-
provements for carbon-based anodes [17]. Wang et al. demonstrated a
PD of 4.99 W/m? with carbon foam from corncobs [12], though toxicity
concerns arose later [19]. Creating porous, biocompatible, and durable
anodes supports biofilm growth and boosts current density (J) [20].
Biomass-derived materials show promise in overcoming anode chal-
lenges, while metal oxide composites may address limitations but
depend on cost and availability. Copper, known for high conductivity
and durability, corrodes in MFCs, as Logan found with pure copper
anodes. Graphene offers corrosion resistance, but it is costly. Graphite
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coatings can make copper more biocompatible, minimizing corrosion
and enabling its use as an anode after surface modification [21-23].

To reduce ohmic resistance for high power output, electrodes must
be positioned close, with separators like anion exchange membranes
(AEMs) to prevent short circuits. Multiple cathodes in SCMFCs can also
enhance the performance [24]. AEMs, superior for hydroxide ion
transport, enhance MFC performance [25,26]. Food processing waste-
water, rich in organics, serves as an effective substrate. Genera such as
Geobacter and Pseudomonas [27], along with bacteria like Acid-
obacteria and Proteobacteria, are electricity producers in MFCs [22].
Studies have utilized composite food waste [29], sewage sludge, and
cattle dung [30]. Following this approach, Mohan et al. explored power
generation using composite vegetable waste [31], while various
high-fat, high-COD food cultures and wastewaters also show promise as
substrates.

Globally, 1.3 billion tons of food waste contain significant organic
content [32], yet traditional aerobic treatment methods face high costs
and disposal issues [33]. MFCs offer a green alternative by degrading
organic matter in various wastewaters, including dairy and food in-
dustry byproducts [34]. Reactor parameters—such as electrolyte tem-
perature and pH [35], solution conductivity [36], membrane type and
electrode distance [37], and electrode porosity influence MFC perfor-
mance, and their optimization can boost power density. This study ex-
plores bioelectricity generation using different food cultures in three
MFC models. Single-chamber MFCs (SCMFCs) with single- and
double-sided air cathodes (SSAC, DSAC) were compared to
dual-chamber MFCs (DCMFCs), focusing on increased cathodic surface
area. Graphite-coated Cu anodes, offering biocompatibility and con-
ductivity, were tested against stainless steel, while AEMs enabled
effective hydroxide ion transport. Optimization of cathode area and
AEM placement further enhanced ion transfer and power output.

2. Materials and methods

This section covers material collection, substrate formation, elec-
trochemical measurements, membrane hot pressing, electrode forma-
tion, porosity measurements, reactor construction, and the fundamental
operations of MFCs.

2.1. Food cultures

The food cultures refer to bacterial cultures derived from dietary
refuse in restaurant and household wastewater. Substrates include
composite food waste, buttermilk, yogurt, potatoes, rice water,
molasses, yeast, and methanol-fed wastewater. Buttermilk was prepared
by heating whole milk to 200 °C in a steel jar, stirred to prevent
scorching, and fermented with lemon juice in a warm environment
(40-45 °C). Yogurt was made by boiling whole milk above 200 °C,
cooling it, adding a tablespoon of yogurt, and fermenting for 12 h before
blending with water. These cultures, containing lactic acid bacteria (e.
g., Lactobacillus and Streptococcus), enhance microbial diversity and
promote electron transfer in microbial fuel cells (MFCs). Potato culture
was made by shredding leftover peels and mixing with distilled water,
with large particles filtered out. A 7-liter potato paste was divided into
seven cells with varying pH and electrode materials. Rice was boiled to a
paste, cooled, mixed with glucose, and filtered. Yeast and methanol were
purchased and prepared with water, then filtered. Various concentra-
tions were tested for pH, electrical conductivity, and chemical properties
before and after operation.

A mixed food culture was created by enriching sewage wastewater
with designed synthetic wastewater (DSWW) and adding food cultures
to enhance organic content. Acetic acid and phosphate buffer adjusted
the pH of high COD samples. The mixtures were monitored under
various pH and temperature conditions.
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2.2. Electrodes formation

In this study, fine meshes of Cu, Zn, and stainless steel were utilized,
specifically 304-L stainless steel mesh (SSM) with a pore size of
approximately 0.3 mm and a wire diameter of 0.10 mm, serving as an-
odes and cathodes in dual-chamber microbial fuel cells (DCMFCs). The
SSM electrodes underwent surface treatment in a 10 M HCl solution for
12 h to remove oxides and were subsequently immersed in ethanol. After
being cut into pieces, they were cleaned by dipping in ethanol and
boiling water above 100 °C for 6-7 min, then dried with an air blower.
Two identical SSM pieces were folded into a long rectangular strip to
enhance biofilm formation. Pure Cu meshes and Zn strips were only
cleaned with ethanol. The Cu meshes, which offer good electrical con-
ductivity but lack biocompatibility, were first cleaned with 10 % HCl to
eliminate the oxide layer and then coated with a conductive paste made
of 70 % graphite powder and 30 % acrylic glaze. This mixture was
applied to the macroporous Cu meshes, which were kept in a heated
airtight container to ensure a strong coating. The Zn cathodes were
prepared in rectangular plates (1 mm thick, 88.9 mm x 88.9 mm) and
tested alongside SSM and Cu in various configurations within the mi-
crobial fuel cells. Effective porosity of the electrodes was measured using
the liquid displacement method, where the change in water volume
before and after submerging the porous meshes indicated the void vol-
ume, allowing the calculation of porosity ratios and is given by.

Vv

er 100 m

@ (%)=
where Vy represents the void volume, V represents the total volume of
liquid. The porosity of the meshes was measured using the liquid
displacement method before and after surface modifications. The
porosity values obtained were 42 % for the composite anode, 47 % for
the 304-L stainless steel anode, and 37 % for the Zn anode used in
DCMFCs with the measured surface area of ~9.58 em? set for each of
these porous electrodes.

2.3. Membrane formation

An AEM with an exchange capacity of 1.1 mmol g! was used. For
dual-chamber microbial fuel cells (DC MFCs), the AEM was cut into a
circular shape and tightly pressed between the tubes of both compart-
ments. In single-chamber microbial fuel cells (SCMFCs), the membranes
were cut into 88.9 mm x 88.9 mm pieces and hot pressed against the air-
side Zn cathodes, securely fastening them to the cathodic face.

2.4. Design, construction, and operation

2.4.1. DCMFCs construction and operation

A 3D model of U-Tube (UT) glass chambers was created in SOLID-
WORKS and fabricated. A rubber seal was installed at the top arm of the
anode compartment to maintain an anaerobic environment. Two iden-
tical dual-chamber microbial fuel cells (DCMFCs) were constructed
using cylindrical glass tubes measuring 35 cm in length, 7 em in outer
diameter, and 6.03 em in inlet diameter, with a total volume of 1000 ml
and a working volume of 500 ml per chamber. The inlet tube had a
diameter of 3 ecm, and the anodic chamber featured an additional tubular
arm with a 1 em internal diameter and 5 em length. Circular holes of 1
cm diameter were made in the cathodic chamber to facilitate continuous
oxygen supply from ambient air. Each chamber included a tubular path
at the bottom for a permeable ion exchange membrane, and the inlet of
the anodic chamber was sealed with rubber corks to allow circuit wires.
Porous electrodes connected to the circuit wires were placed inside the
chambers, with Cu mesh used as the anode and Zn as the cathode in the
first cell, while SS mesh served as the anode in the second cell. The
macroporous stainless steel, Cu, and Zn meshes were folded into rect-
angular plates measuring 10 em x 2 em and immersed in substrates for
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A: Single chamber microbial fuel cells (SCMFCs) with single sided air cathodes (SSAC)
B: Single chamber microbial fuel cells (SCMFCs) with Double sided air cathodes (DSAC)
Item no. Part Deseription Quantity

1 Anode Macro porous graphite coated Cw/SS composite anode 2

2 Cathode Flat plate Zn Air-cathode 3

3 Cathode Soft rubber provided between cathode and spacers for air tightness 3

Gasket

4 Gasket Soft rubber provided between chamber and endplate for air tightness 2

5 AEM Anion exchange membrane for selective Hydroxide lons Transport 3

6 Anodic Reaction Chamber with inlet and outlet holes for anolyte 2
Chamber

7 Cathode Air sided cathode endplate for tightness 3
Endplate

8 Spacer Mesh Spacers 9

9 Grooved Additional plate for reactor modification and providing DSAC 1

Plate

10 Anode Opposite face extruded plate for perfect air tightness 1

Endplate

Fig. 1. Exploded view of two reactor modules with assembly and bill of material (BOM).

Humidified Air

Reduction

Degraded Biomass Degraded Biomass

@  BOM: Biomass Degrading Microonzanisms AEM: Anion Exchange Membrane © FAM: Flearoactive Microorganisms DOM: Dissolved Organic Matter

Fig. 2. Schematic of three reactor types with AEM: (A) SCMFC with DSAC, (B) SCMFC with SSAC, and (C) DC-MFC operation.
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Fig. 3. Physical prototypes of MFCs: (A) large DSAC SCMFC and (B) U-Tube DCMFC.

operation, separated by an AEM with an area of 0.7853 em>.

2.4.2. Air cathode SCMFCs construction and operation

A closely spaced air cathode single-chamber microbial fuel cell
(SCMFC) model (V = 127 mm x 127 mm x 63.5 mm) with a 6.35 mm
wall thickness designed and 3D printed after slicing using Prusa Slicer as
shown in Fig. 1. An anodic cover supported to ensure airtight chambers
and flat square plates (A = 127 mm x 127 mm) with 76.2 mm circular
holes to support air cathodes. The chamber was sealed after inserting the
anode electrode. Fig. 1 shows the exploded view of two different models
of SCMFCs.

Acetic acid and phosphate buffer were added to optimize conditions
for microbial activity and electron transfer. Food cultures were intro-
duced sequentially into the anodic chamber of dual-chamber microbial
fuel cells (DCMFCs) using graphite-coated Cu anodes and Zn cathodes.
Each reaction lasted five days, with acetic acid and phosphate buffer
added to maintain stable pH and temperature for enhanced biofilm
growth.

Fig. 2 shows electronic images of SC-MFC (A) with DSAC (B) with
SSAC and (C) DCMFCs which describe the whole operation pictorially. A
physical prototype is shown in Fig. 3. The environmental conditions
maintained at 32, 34, 36 °C marked as slightly lower, room, and slightly
higher temperatures respectively, with pH adjusted through buffer so-
lution. In DCMFCs, organic matter oxidation produced H* ions in the
anolyte, while reduction in the cathodic chamber generated OH- using
humidified air. SCMFCs operated without a catholyte, pressing AEMs
against air cathodes for anaerobic oxidation. Overall, both reactor types
were analyzed under optimized pH (7.13) and temperature (34 °C)
conditions, with general half-cell reaction equations used for acetic acid
substrates.

A similar methodology was applied to SCMFCs with DSACs,
enhancing electricity generation due to oxidation occurring at both ends
facing the air-side cathodes. The generated OH- ions move through the
AEMs, neutralizing H* ions in the anolyte to form water. The basic re-
actions involving acetic acid substrates are represented by the following
equations.

CH3COOH + H20 —2CO3 + SH™ + 8e- ()]
O, + 4e- + 4H" —2H,0 (3)

Experiments were conducted using composite food waste and indi-
vidual substrates, including buttermilk, yogurt, potato, rice water,
molasses, methanol, and yeast wastewater. Acetic acid was added every
30 min to enhance bacterial biofilm thickness. Treated wastewater
samples were analyzed for COD removal efficiency using the closed

Table 1
Preliminary chemical characteristics of influents acquired after mastication and
separation via fluted filter paper.

No. Cultures Initial Chemical Properties
pH EC (mS/cm) Initial COD (mg/L)

1. Mixed food 9.32 27.64 29000
2 Buttermilk 6.17 15.59 18900
3. Yogurt 9.85 15.40 18200
4. Potato 9.72 16.65 23000
5. Rice Water 6.91 18.02 10200
6. Molasses 6.89 17.21 10000
7. Methanol 7.64 7.38 7670
8. Yeast 6.12 7.27 7800

reflux titrimetric method. Key parameters such as anode porosity,
electrode sizes, active areas, membrane area, solution chemistry (con-
ductivity and buffer capacity), temperature, and pH were evaluated to
improve the productivity of the microbial fuel cells (MFCs).

2.5. Measurement of electrochemical properties

The electrochemical properties of influents and effluents were
measured, as shown in Table 1. For pH and conductivity analysis, 100 ml
samples were taken in glass beakers, using a pH meter and con-
ductometer. COD was measured with a closed reflux titrimetric method:
20 ml of culture wastewater was refluxed in 30 ml of 98 % sulfuric acid
with 0.025 N potassium dichromate, silver sulfate, and mercuric sulfate
at 90 °C for 2 h [33]. After digestion, the remaining dichromate was
titrated with 0.025 N ferrous ammonium sulfate, using ferroin as an
indicator. COD was calculated based on Equation (4).

cop Z&_ 8000

L (@=B)nx ml of Sample @
Where « represents the volume of ferrous ammonium sulfate solution
required for titration of blank, p is the volume of ferrous ammonium
sulfate solution required for titration of blank, and n is the normality of
ferrous ammonium sulfate solution.

An external resistance of 10Q was connected to the voltage (V)
values measured using a digital multimeter. Ohm’s law (I = V/R) and
the power formula (P = V/I) were applied to calculate the current (I) and
power (P). The current and power were then normalized by the elec-
troactive surface area of the anode (—9.58 em?) to determine the current
density (J = 1/As) and power density (PD = P/As). Polarization tests
were conducted for three different configurations using external



T.N. Chaudhary et al.

= Mixnd Culture
a —— Buthermilk Culture
= Yagurt Culturs.
|—— Patats Culture
= Rice water Cubturef
|—— Motaszes Culture
- Methanal Culhure
|—=— feast Cuture

Power Density (W/m?)
=
=

02F

Time {hr}

—r
c wed Culture

[ Yagurt Culture
| Potate Culture
251 |- Rice water Culture}
| Molaszes Culture
| Mthanet Cubture
| Yeast Gulture

Power Density (W/m?}
.y [l
o -]

g
=

05

[—— Mixed Cultbure
e [ Buttermilk Gulsure|
(—— Yogurt Cuthure
35F [ Puatats Culture

| Ftioe water Gulture)
- Molansus Culturs
| Methanol Culture
[ Yot Cutture

Power Density (W/m?)
~
5

Time {hr)

L] 5 10 18 20 FL ] 35 40 45 50

Biomass and Bioenergy 195 (2025) 107706

b [ Mixed Culture

08}k |- Yogurt Cultire
[ Paotate Culture
~ Rice water Culture|
| Malasses Culture
| Meitsanct Cutture
[—— Yeast Cuture

Power Density (W/m?)

d [~—atixed Culture

= Buttermil Cubture)
25F [——Yegurt Culturs
[ Potata Culbire
[ Rioe water Culture)
[—— Malasses Culture
[ Methanc! Sulture
[ Vst Culture

p
o

Power Density (W/m?)
s o

=
n

0.0
L] 5 10 15 20 25

Time {hr)
15

f —— Mixed Culture

f—— Yogurt Cuthsre
30k = Fotata Cullure
| Rice water Culture
~— Malagsus Culture
|- Methanol Culture
[—=— Yeast Culture.

Power Density (W/m?)
n

=]

05}

0.0
L]

Fig. 4. MPD curves showing the effect of reactor architecture and food cultures: (a, ¢, €) using composite anode and (b, d, f) using 55 anode. Sub-Figs (a, b), (c, d),
and (e, f) display outputs from DCMFCs, SCMFCs with SSAC, and SCMFCs with DSAC, respectively.

resistances of 1000, 500, 200, 100, 50, 30, 20, 10, 5, and 3 Q, with
measurements taken at 20-min intervals.

3. Results and discussion

This study observed the fundamental reactions in single- and double-
chamber MFCs. Macroporous Cu anodes and Zn cathodes produced
maximum PD with mixed food cultures, as shown in Table 1.

3.1. Performance analysis and validation

3.1.1. Effect of reactor architecture and food cultures

Fig. 4 shows PD curves from various food cultures using composite
(Fig. 4a—c, e) and SS anodes (Fig. 4b-d, f) across different reactors:
DCMFCs (Fig. 4a and b), SCMFCs with SSAC (Fig. 4¢c and d), and SCMFCs
with DSAC (4e, f). Over a three-day operation, peak PD of 1.07 W/m?
was achieved after 20 h in DCMFCs (Fig. 4a) with acetic acid supple-
mentation, boosting microbial activity [29]. This value is 29.8 % higher
than the 0.824 W/m® achieved by Dessie et al. with a-MnOo/PANI
composites and 70 % higher than the 0.283 W/m? reported by

Rahimnejad et al. [39].

Among food cultures, buttermilk reached the highest PD of 0.719 W/
m? at 24 h, followed by potato at 0.633 W/m? in 25 h, yogurt at 0.572
W/m? in 20 h, rice water at 0.546 W/m? in 26 h, and molasses at 0.414
W/m?. Buttermilk’s higher lactic and acetic acid content increased
conductivity (15.59 mS/cm), while potato’s higher organic load
enhanced its power output compared to yogurt. Din et al. also observed
optimal PD with potato peel waste at neutral pH, recording 0.633 W/m?
[35].

Glucose-rich rice water and molasses yielded lower PD than acetic-
acid-rich foods. The fundamental reaction of glucose with water is
represented as.

CeH1206 + 6H20 — 6CO4 + 24H" + 24e” (5)

Methanol and yeast cultures showed unique behaviours, with
maximum PDs of 0.281 W/m? at 9 h and 0.249 W/m> at 16 h, respec-
tively (Fig. 4b). SS anode DCMFCs achieved peak PDs of 0.667 W/m? at
26 h and 0.425 W/m? at 24 h, confirming SS's lower conductivity
relative to composite anodes. In SCMFCs, PDs of 2.64 and 3.31 W/m?>
were reached in 20 h using SSAC and DSAC setups, respectively (Fig. 4e
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Fig. 5. PD curves obtained from large sized reactor under opti-
mized conditions.

and f). The AEM-supported DSAC SCMFC achieved 38 % and 7 % higher
PDs than MFCs with acetate and phosphate buffer solutions using UFM
(2.4 W/m?) and CEM (3.1 W/m?) but was still 62 % lower than AEM-
MFC (8.8 W/m?). These findings indicate the importance of regular
organic additions and AEM’s role in efficient OH- transfer, as shown by
Rossi et al. [26].

Fig. 5 shows that reactor architecture significantly impacts PD in
large-sized SCMFCs. With composite food waste at neutral pH and room
temperature, the increased reactor size and electrode spacing led to
decreased PD, though maximum PD of 2.64 W/m” was achieved by
reducing reactor volume and spacing in DSAC. Table 2 compares pre-
vious MFC research, with PD values ranging from 0.0022 to 4 W/m>. In
this study, PD values ranged from 0.667 to 3.31 W/m?, aligning well
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with these established benchmarks.

3.1.2. Effect of pH variation

The study’s results align with previous findings under varying pH
conditions. The maximum PD of 3.31 W/m? was achieved using a
composite anode in closely spaced SCMFCs with AEMs at pH 7.13
(Fig. 6a). Fig. 6(a—c, e) and (b, d, f) show PD curves from mixed food
waste using composite and SS anodes, respectively, across reactors:
DCMFCs (a, b), SCMFCs with SSAC (c, d), and SCMFCs with DSAC (e, f).
Seven initial pH values (4, 5, 6, 7.13, 8.5, 10, 12) were tested, revealing
optimal PD near neutral pH, with performance declining as pH deviated
from neutral.

The study confirms that neutral pH is ideal for MFC performance, as
significant pH deviation reduces PD. Alkaline environments initially
increase PD but do not sustain it. Findings in Table 2 indicate the best
conditions are room temperature, neutral pH, and acetic acid substrate.
Previous research supports this, noting that bacterial physiology and PD
in MFCs are highly pH-dependent: optimal pH ranges near 6.5-7.3 show
greater PD [53-56]. Alkalization of the cathode and acidification of the
anode, common in MFCs, reduce microbial activity and electron trans-
fer, impacting PD negatively [57]. Efficient ion transfer at pH 8, pro-
moted by acetic acid, supports microbial growth, whereas values below
pH 6 or above 9 reduce current production [50]. Ren et al. reported
power losses when pH dropped to 5.2 but recovery when adjusted to 7
[58], further demonstrating that a feed pH of 8.0 offers higher PD
through reduced internal resistance [50].

3.1.3. Effect of temperature

The experimental results from this study indicate that power density
(PD) decreases above and below room temperature (34 °C), as shown in
Fig. 7(a—c, e) and Fig. 7(b—d, f). Mansoorian et al. reported a maximum
PD of 0.621 W,/m? at 35 °C [46], while Din et al. achieved maximum
voltage and current (1.12 V, 12.45 mA) at room temperature and neutral
pH [35]. Min et al. observed peak performance at 30 °C with 70 mwW/m?>
[59]. Several studies noted a linear increase in power output from 20 °C
to 35 °C [60-62], Fig. 7 illustrates the PD variations at 30 °C, 34 °C, and
38 °C under neutral pH conditions. Results are consistent with previous

Table 2
Comparison of MFC Performances with different substrates under different operating conditions.
Catalyst/Substrate pH COD Removal (%) MPD (W/m?) Anode Organic fuel/Culture References
CH5COONa 7 _ 2.97 C-Brush Nutrient carbon solution [10]
CH3COONa 7 ~100 4.99 C-Foam Mixed Culture [18]
Cs H12 0s 6.02 74.59 0.824 (x-MnO-Graphite) University Effluent [40]
CH;COOH 10.5 88 1.043 SS fiber felt Yogurt wastewater [41]
97 0.221
Cg Hy2 0g 6.5 _ 0.283 Bioanode Pure Saccharomyces cerevisiae [39]
AC: PTFE (6:1) 8.2 _ 0.426 Graphite fiber Anaerobic sludge from PSU [42]
CH3;COOH 9.5 _ 0.833 CC Domestic wastewater [43]
Ces H12 Og 10.0 81 0.213 Graphite felt Yeast [44]
CHsCOOH ~10.0 91 0.161 5S Mesh Dairy wastewater [45]
CH;COOH 8.5-10 a0 0.621 Bioanode Industrial dairy wastewater [46]
CH3;COOH _ _ 4.0 Platinum Pure G. Sulfurreducens (Seil) [471
No 7.5 18 Negligible Banana peel [48]
5. Cerevisiae 44 0.0022 304 5SS Mesh
No 7.9 70 0.0446 Banana peel slurry
5. Cerevisiae 88 0.0869
CH3COONa _ 92 1.06 C-Brush Domestic Wastewater [49]
Cg Hy2 0g 6.0 47.8 0.158 5S Mesh Synthetic wastewater [50]
8.0 40.4 0.600
Cy14H26011 6.2 _ 1.78 _ Algae [51]
CH3COONa 7 86.95 0.216 C-Paper Potato Wastewater [52]1
CH;COOH 7.13 3.31/2.91 (Composite/304L S5) Composite Food Wastewater Current Research
2.64/2.26
1.07/0.667

* BOM: Bacterial Outer Membrane.

* CEA: Cloth elecirode assemblies.

* CC: Carbon Cloth.

* PSU: Penn State University.
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Fig. 6. Power density (PD) curves using composite food waste from various reactors under different pH conditions using composite and 5S anodes: (a, c, €) for
DCMFCs, SCMFC with SSAC, and SCMFC with DSAC using composite anodes; (b, d, f) for the same reactors using S5 anodes.

studies, indicating optimal performance around room temperature, with
decreased PD at temperatures above 38 °C [63,64]. Moon et al. found
improved performance from 24 °Cto 35 °C but a drop at 38 °Cand 41 °C,
while Li et al. observed decreased PD from 37 °C to 43 °C [66, 67]. Patil
et al. also noted a decline in current density above 40 °C [62].

This study confirms that MFC performance peaks at room tempera-
ture, with all reactor configurations showing similar trends. Increased
substrate oxidation rates occur until 30 °C, followed by a plateau and
subsequent decline. Thus, room temperature is the ideal condition for
maximizing power generation in MFCs.

3.2. Performance and stability of MFCs

The PD region provides the internal resistance. Long-term perfor-
mance was monitored over five days with an external resistance of 10Q,
which was reduced to 5 Q for 2 h on the second day, then returned to 10
Q. Polarization curves in Fig. 8 (A) show that DSAC-SCMFC achieved a
maximum PD of 3.30 W/m?, about 20 % higher than SSAC (2.62 W/m?)
and 68 % higher than DCMFC (1.05 W/m?) under optimized tempera-
ture and pH conditions with mixed food culture and composite anode.
Linearization of the maximum power region yielded internal resistances
(Rint) of 4.41, 5.13, and 18.39 mQ m? for these reactors, respectively.
The very high Rint for DCMFC suggests dominant ohmic losses due to
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the larger distance between electrodes, despite effective hydroxide ion
transport through the AEM. MFCs need to maintain high power output
over time without rapid decline.

Fig. 8 (B) shows that DSAG-SCMFC produced stable output over five
days, peaking at 3.31 W/m? on day 2 (at 10 Q), with a ~7 % drop (to
3.07 W/m?) by day 5. The maximum PD over five days (3.31 W/m?)
with a 10 Q external resistance was like the polarization test result (3.30
W/m?), confirming that the test accurately reflected MFC performance
during continuous operation. In comparison, SSAC-SCMFC performance
dropped by ~20 % (from 2.64 to 2.19 W/m?), and DCMFC performance
dropped by ~35 % (from 1.07 to 0.609 W/m?) over the same period,
likely due to the single cathode and increased electrode distance in these
reactors. Polarization tests conducted between the fourth and fifth days
further indicate the performance of the MFCs and linearization in the
maximum power density region.

3.3. Chemical oxygen demand (COD) REMOVAL EFFICIENCY

To evaluate MFC performance, COD is critical as it quantifies how
much substrate fuel is converted into electrical current [45]. In this
study, COD levels were measured before and after MFC treatment:
initially, the composite food wastewater COD was 29,000 mg/L,
decreasing to 15,100 mg/L post-treatment. This 40 % COD reduction
demonstrates effective substrate degradation, likely due to bacterial
activity that oxidizes the substrate, using carbon as an electron donor.
These findings indicate MFCs can efficiently degrade organic materials,
especially potato waste, at neutral pH, as calculated using Equation (6).

COD pfyens — COD gy
x

COD Removal (%) =
COD et

100 ()

Fig. 9 (A) and (B) illustrate influent and effluent COD values,
showing an average COD removal efficiency of 73 % and 70 % for DSAC
SCMFCs. This suggests that the composite graphite-coated Cu anode
enhances COD removal and biofilm formation. SCMFCs offer high COD
removal efficiency with reduced sludge handling compared to tradi-
tional aerobic/anaerobic systems, which, while effective, have high
operating costs and sludge disposal issues. SCMFCs, operating anaero-
bically at room temperature and neutral pH, achieved an average COD
removal of 78 % in larger reactors, making them suitable for integrated,
power-free wastewater treatment systems.

3.4. Benefits

Implementing MFCs can support sustainability goals in hotels and
restaurants by reducing carbon footprints and minimizing the need for

traditional, resource-heavy wastewater treatments, thus lowering
chemical and energy use. Resource benefits and energy output vary by
system size, wastewater type, and investment level. For hospitality
businesses, assessing capital, operational costs, and return on invest-
ment (ROI) is essential to determine MFC suitability. Although MFCs
show promise in sustainability, results may differ across locations.
Additionally, dairy waste from restaurants, along with municipal and
food processing waste, is abundant in organic content and could serve
effectively as an MFC substrate.

4. Conclusion

The study demonstrated that using acetic acid substrates and porous
anodes in MFCs enhances bacterial deposition, significantly boosting
power density (PD). Testing different food cultures under optimized pH
and temperature conditions revealed that low-cost, porous electrodes in
air-cathode SCMFCs outperformed traditional DCMFCs, especially when
combined with Cu/Zn electrodes. Nearly zero-gap DSAC SCMFCs with
AEMs achieved maximum PD of 3.31 W/m? using a composite anode
and Zn cathode at neutral pH and room temperature surpassing previous
results with alkaline wastewater. The AEM facilitated OH- transfer,
further increasing PD. MFCs present a valuable solution for the hospi-
tality industry, offering sustainable wastewater treatment, on-site en-
ergy generation, and reduced environmental impact. The findings also
highlight MFC potential for municipal and food processing facilities,
with anaerobic digestion of organic waste yielding high energy. These
insights expand the application potential of MFCs under optimized
conditions with larger cathodic surfaces.
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