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Electricity Generation from Mud and Organic Waste

ABSTRACT

The growing global demand for energy, coupled with the depletion of fossil fuel reserves and
environmental degradation, has accelerated the search for sustainable and renewable energy
alternatives. This project explores a hybrid renewable energy system that integrates
Microbial Fuel Cell (MFC) and Anaerobic Digester (AD) technologies to generate
electricity from organic waste and natural mud using simple, low-cost materials.

In the Microbial Fuel Cell (MFC), electricity is produced directly through microbial
metabolism occurring in mud enriched with organic matter. The bacteria in the mud oxidize
organic substrates (from cow dung, vegetable waste, or rice water), releasing electrons that
are captured by graphite electrodes. The anode chamber (mud) and cathode chamber (aerated
water) are connected via a salt bridge for ion exchange. Over several days, the microbial
population stabilizes and generates a measurable voltage ranging from 0.4 to 0.8 volts per
cell. When four MFC cells are connected in series, the combined voltage is sufficient to
power an LED bulb, demonstrating direct bioelectric conversion.

Simultaneously, the Anaerobic Digester (AD) converts biodegradable kitchen waste—
including vegetable peels, leftover food, and cow dung—into methane-rich biogas under
oxygen-free conditions. The biogas is collected through an airtight setup and can be used to
run a thermoelectric generator (TEG) or a micro-generator, thereby producing additional
electricity. Within two to three weeks, the digester produced enough biogas to operate a
small DC fan for short durations, confirming efficient methane production.

By combining MFC and AD technologies, this hybrid system successfully demonstrates
dual-mode energy recovery from organic waste: direct electrical energy through microbial
action and thermal/electrical energy through biogas combustion. The system is eco-friendly,
cost-effective, and scalable, offering a sustainable solution for waste management and
decentralized energy generation. Moreover, it provides an excellent educational
demonstration of bio electrochemical and biogas principles.

This hybrid model not only reduces waste disposal problems but also promotes circular
economy concepts, transforming everyday waste into valuable energy resources. With
optimization, such systems can be adapted for rural, off-grid, and small community
applications, contributing to a cleaner and greener future.




INTRODUCTION

The rapid depletion of fossil fuels and the adverse environmental impacts of their
combustion have become critical global concerns. Fossil fuel-based power generation
contributes to greenhouse gas emissions, climate change, acid rain, and air pollution.
Furthermore, fossil fuel reserves are finite and concentrated in certain regions, leading to
geopolitical instability and economic dependence. As energy consumption continues to rise,
especially in developing countries, there is an urgent need to develop renewable, clean, and
decentralized energy systems.

Renewable energy sources such as solar, wind, hydro, and biomass are being explored
extensively. While solar and wind are clean, they are intermittent and require large capital
investments and infrastructure. Biomass, on the other hand, is widely available, especially in
rural and agricultural communities, and can be converted into energy using simple, low-cost
technologies. Among biomass-based technologies, microbial fuel cells (MFCs) and
anaerobic digesters are gaining attention for their ability to utilize waste materials as fuel.

Microbial Fuel Cells (MFCs) are bio-electrochemical systems that directly convert
chemical energy stored in organic compounds into electrical energy using microorganisms.
They consist of an anode chamber (anaerobic) filled with mud or wastewater, and a cathode
chamber (aerobic) separated by a proton exchange membrane or salt bridge. Microbes
oxidize organic matter at the anode and release electrons, which flow through an external
circuit to the cathode, creating current. MFCs are particularly attractive for remote low-
power applications (like sensors) because they operate continuously and require minimal
maintenance.

Anaerobic digesters convert organic matter (such as kitchen waste, agricultural residues, or
animal dung) into biogas in oxygen-free conditions using anaerobic bacteria. Biogas
primarily contains methane (50—70%) and carbon dioxide, with trace amounts of hydrogen
sulfide. Methane is combustible and can be used for cooking, heating, or running small
generators to produce electricity. Anaerobic digestion also produces a nutrient-rich slurry
called digestate that can be used as fertilizer, making the process both energy-producing
and zero-waste.

Combining these two systems offers several advantages: the MFC can provide small but
constant electricity suitable for monitoring sensors, while the anaerobic digester can provide
larger amounts of energy intermittently. Both systems use abundant waste as feedstock,
require low investment, and have a minimal carbon footprint.

This project aims to design, build, and test small-scale prototypes of both systems to
demonstrate their feasibility for producing electricity from mud and organic waste. The
approach also raises awareness about renewable energy and waste recycling among students
and local communities.




Soil choice: The darker and the smellier, the better. Don't use “garden soils” with little white
balls or fertilizersin them. These are good for plants, but not MudWiatts.

The cathode needs to
breathe, so make sureitis W4
not submerged in water. \
] Make sure there is at least
Make sure the soil is completely g 3™ of wet soil between the
saturated. Itis best if there s 2- I cathodeand the anode.

3 mm layer of waterresting
above the soil.

Temperature: Warming up your MudWatt to body temperature
(37°C/ 99 °F) can kick start your bacteria community.

STATEMENT OF THE PROBLEM

In most communities, organic waste such as food scraps and agricultural residues is either
landfilled, dumped in open areas, or incinerated. These methods create several problems:

o Methane emissions from decomposing waste contribute to climate change.
« Open dumping attracts pests and contaminates soil and groundwater.
« Incineration releases toxic pollutants.

At the same time, millions of people lack access to reliable electricity, especially in rural and
off-grid areas. Many schools, farms, and health centers face power shortages, which affect
education, productivity, and quality of life.

Therefore, the problem is how to convert organic and mud-based waste into usable electricity
using low-cost, simple technologies that can be built locally.

Background Information

The idea of using bacteria to produce electricity dates back over a century. Modern microbial
fuel cells have been developed that can produce small amounts of electricity from
wastewater, sludge, or soil. These systems rely on naturally occurring electroactive bacteria
(like Geobacter or Shewanella) that can transfer electrons outside their cells to electrodes.

Similarly, anaerobic digestion has been used for decades to produce biogas, especially in
rural India and China. Small household digesters can produce enough biogas for cooking and
lighting. Recent studies have shown that biogas can also run microgenerators or
thermoelectric generators to produce electricity.

Despite their potential, both technologies remain underutilized at small scales for electricity
generation, especially in combined systems. Demonstrating a hybrid approach can promote

wider adoption of waste-to-energy technologies.
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OBJECTIVES

To design and construct a mud-based microbial fuel cell (MFC) to produce electricity
from natural mud.

To design and build a small anaerobic digester to produce biogas from kitchen waste.
To measure and analyze the electrical output from both systems.

To compare their performance in terms of voltage, current, and energy produced.

To promote the concept of renewable energy generation from waste materials in
schools and communities.

To evaluate the environmental benefits of using waste-based bioenergy technologies.

HYPOTHESIS

A hybrid Microbial Fuel Cell (MFC) system developed using mud slurry, cow dung,

rice water, and different quantities of vegetable waste demonstrates that the setup
containing 120 g of vegetable waste produces the highest and most stable electrical
output.

Desion Of Study

Materials & equipment

Carbon cloth or carbon felt electrodes (e.g., 5 cm % 20 cm pieces or enough to give
~100 cm? projected area per electrode per cell) — or graphite felt if available

Original graphite electrodes
5 identical reactor containers
Mud slurry (2.25 kg per reactor prepared as before)

Cow dung (100 g per reactor), rice water (100 mL), vegetable waste per setup (0, 40,
80, 120, 160 g)

Salt bridge materials (KCl + agar) or small gel bridge / proton conducting gel
Wires, crocodile clips, banana plugs

Digital multimeter (2—3 decimal precision), capable of measuring mV to V and pA—
mA (or separate voltmeter + ammeter)

Stopwatch or logged time source
pH meter, thermometer
Scale for masses, graduated cylinder for liquids

Safety equipment: gloves, goggles, lab coat, well-ventilated area for digesters/biogas




Controlled Variables:
Electrode material and size
Electrode spacing

Volume of electrolyte / mud
Ambient light and humidity
Salt bridge composition
Anaerobic condition
Container size and sealing
Dependent Variables:
Voltage output

Current output

Power output

Biogas volume

Methane content

pH variation over time
Temperature inside digester/MFC
Independent Variables:
Type of organic substrate (Rice water, vegetable waste, wastewater, cow dung slurry)
Quantity of substrate used
pH level

Temperature

Retention time




Experimental Procedure

The project consists of two main subsystems — a Microbial Fuel Cell (MFC) and an
Anaerobic Digester (AD) — connected to produce combined electrical output.

(a) Microbial Fuel Cell Setup
Procedure:

1. Two chambers were prepared — one containing mud mixed with organic matter
(anode chamber) and the other containing a saltwater solution (cathode
chamber).

2. Electrodes were inserted into both chambers and connected through a salt
bridge to allow ion exchange.

3. The electrodes were connected to an LED through wires to measure the voltage
and current output.

4. Voltage readings were recorded daily for several days.

(b) Anaerobic Digester Setup
Procedure:

1. Organic waste such as vegetable peels and leftover food was mixed with water
in a 2:1 ratio.

2. The mixture was sealed in an airtight container to maintain anaerobic (oxygen-
free) conditions.

3. Gas produced during fermentation was collected through tubing and stored in a
small balloon or plastic gas bag.

4. The collected biogas was purified and used to heat a thermoelectric generator
(TEG) or micro-generator to produce electricity.

(c) Hybrid Integration
The MFC provided direct electrical output from microbial metabolism.

The biogas from the digester powered a TEG, producing additional electricity.

Both systems demonstrated renewable electricity generation from waste materials.

Hybrid Microbial Electricity
Renewable Fuel Cell Generation
Energy

System

Sustainable
Energy

Anaerobic
Digester
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Preparatory steps

I.

Prepare electrodes connection: attach stainless steel wire or titanium wire using
conductive carbon paint or clamp and wrap with small carbon fiber tape; ensure good
contact and corrosion-resistant lead. Mark anode vs cathode wires.

2. Prepare KCl-agar salt bridge: make 2% agar with 1 M KCI, pour into tubing and

3.

allow to set. Make two identical bridges for reproducibility.

Prepare substrates: prepare 5 reactors as you described (2.25 kg mud slurry + 100 g
cow dung + 100 mL rice water). For the 4 test reactors, add vegetable waste masses
(40, 80, 120, 160 g); control has 0 g. Mix well. Record exact masses.

Reactor assembly (Day 0)

I.

Place anode: bury the anode electrode (carbon cloth) into the mud slurry so it is fully
immersed and has maximum contact (keep ~1-2 cm separation from container
bottom). Keep consistent immersion depth across reactors.

. Place cathode: position cathode in cathode region — either in aerated catholyte

(acrated water) separated by salt bridge or as an air-cathode mounted on container wall
(if using carbon cloth as air cathode, ensure one face exposed to air). Use the same
cathode arrangement for all reactors.

. Install salt bridge / separator between anode and cathode if you use two-chamber

setup. If single chamber air-cathode MFC, ensure cathode faces air and is not
submerged.

Make electrical connections: connect wires to electrodes with crocodile clips. Label
each reactor with ID and day.

Instrument calibration & baseline checks

I.

3.

Calibrate multimeter (or verify against known cell) and pH meter. Log calibration
date.

Measure open-circuit voltage (Voc) immediately after assembly for each reactor and
record. Expect low initial Voc (tens to hundreds mV).

Check for shorts and ensure no exposed wires contacting slurry except electrode area.

Running the experiment (Day 1 — stabilization)

Daily checks: measure and record (same time each day): Voc, pH, temperature, visible signs
(bubbles, smell), and electrode condition.




Polarization & power curve measurement

Perform polarization testing for each reactor under the same environmental conditions
(time of day, temp). Use the same sequence for each reactor.

Measurement sequence (for one reactor):

1. Measure open-circuit voltage (Voc) — record Voc after disconnecting any load and
waiting ~1 min.

2. Apply external resistors one by one in descending order (start from highest
resistance to lowest to avoid sudden current surges):

o Connect resistor across electrodes and wait for the voltage reading to stabilize
(~10-30 s; for porous electrodes you may wait up to 60 s).

o Record Vload across resistor and calculate I = Vload / R (A) and P = Vload x I
(W). Convert to mA and mW for convenience.

o Repeat each load twice and average to reduce noise.

3. Plot polarization curve (V vs I) and power curve (P vs I). Identify Pmax and the
current at Pmax.

4. Internal resistance (Rint) estimate: slope near Voc or use the load where V drops to
half — but standard formula:

Voc - Vload
I

Rine =
at an appropriate load; more precisely, Rint equals the negative slope dV/dI from the linear
region of the polarization curve.

Replication & statistics
« Perform polarization curves for all 5 setups (control + the four veg loadings).
Post-test checks

« Inspect electrode surfaces for fouling, corrosion, or detachment. Photograph
electrodes.

o Measure final pH and temperature.

o« If performance dropped dramatically, check for salt-bridge drying, loose connections,
or electrode damage.




Safety

Wear gloves and goggles handling slurry and cow dung.
Work in well-ventilated area. Keep open flame away from gas collection.
Dispose of slurry safely (compost or as per institutional guidelines).

Use insulated connections to avoid shorts and sparks.

Calculations

Current: I = Vjy44/R(A) — multiply by 1000 for mA.
Power: P = Vj,0q X I(W) — x1000 for mW.
Power density: Py, = P/A(W/cm?) where A is electrode projected area (cm?).

Cumulate energy over time by integrating P over time (Wh).

Troubleshooting

/7
0‘0
7
*

o0

K/
0’0

K/
0’0

Voltages very low / no change: check connections, electrode contact, salt bridge
integrity, and that anode is anaerobic (not exposed to air).

High noise on readings: ensure stable contact, reduce wire length, add shielding or
measure in stable room temp.

Sudden voltage collapse under load: possibly internal short, electrode detachment,
or substrate exhausted — inspect physically.

RISK AND SAFETY

Conduct all experiments in well-ventilated outdoor areas.

Methane is highly flammable — keep flames, sparks, and electrical wiring away from
gas storage.

Use pressure relief valves to prevent overpressure in the digester.

Hydrogen sulphide (H2S) is toxic — always scrub gas before burning.

Wear gloves and wash hands after handling mud or waste.

Avoid short circuits when connecting wires and measuring current.




DATA ANALYSIS
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Measurements:

A. Electrical (MFC) — measure daily:

Open-circuit voltage (Voc) — Voltmeter (V).
Loaded voltage (V;,,4) across known resistor(s) R
Current (I) — calculated from V,,,; and R (mA).
Temperature of the MFC (°C).

pH of anolyte (daily).

Electrode projected area (cm?) — fixed: 30 cm?

Internal resistance.

B. Biogas / Anaerobic Digester — measure daily or every 1-3 days:

Biogas volume collected (L) — cumulative.
Methane fraction (%) or qualitative flame test.
pH and temperature inside digester.

Feed mass (kg) and VS content — to calculate specific yield (L CHs/kg VS).

C. Environmental / controlled:

1.

Ambient light & humidity (record qualitatively or with sensor if possible).
Container dimensions (1=15 cm, b=11 cm, H=15 cm)

2.25 kg mud slurry + 100 g cow dung + 100 ml rice water
Graphite electrodes (30 cm?), KCI-Agar salt bridge, container (15 %X 11 x 15 c¢cm)

Power (P)

Formulas
A — Electrical calculations
Current (I)
Vload
[ =——
R
Units: A (or mA).
P = Vload X I
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Units: W (or mW).
Power density (per electrode area)

P
Piens = Z

A = electrode projected area (cm?). Units: W/cm? or pW/cm?2,
4. Energy produced over time
E =YPAt
P constant over 1 hour: Ey,;, = P(W) X t(h). Convert to Wh or J.

5. Internal resistance (approx) from open-circuit and loaded voltages:

Voc

oa

6. Coulombic efficiency (CE)

CE(%) = Total Coulombs recovered % 100
)~ Theoretical Coulombs from substrate

Total coulombs recovered = [ Idt(A-s).
B) Biogas / AD calculations
1. Specific biogas yield

Total biogas produced (L)

Yield =
ield Mass of VS fed (kg)

Units: L/kg VS. If VS not available, report per kg wet mass.
2. Methane volume

%CH,
VCH4 = Vbiogas X W

3. Energy in methane (approx)
o Methane lower heating value = 35.8 MJ/m? = 35.8 kJ/L.

Energy (kJ) = V¢, (L) X 35.8

Convert to Wh: 1 Wh = 3.6 kJ

Energy (kJ)

Energy (Wh) = 36

17




Tabulation

Setup A — CONTROL (0 g vegetable waste)

A. MFC daily (Control)

Day | Voc (V) | V_load (V) | I (mA) | Power (mW)

1 0.10 0.08 0.080 |0.0064

2 0.18 0.15 0.150 [0.0225

3 0.30 0.27 0.270 ]0.0729

4 0.42 0.36 0.360 |0.1296

5 0.50 0.43 0.430 |0.1849

6 0.55 0.48 0.480 |0.2304

7 0.58 0.50 0.500 |0.2500

8 0.57 0.49 0.490 |0.2401

9 0.56 0.48 0.480 |[0.2304

10 [0.55 0.47 0.470 |0.2209

A. Anaerobic digester daily (Control)

Day | pH | Temp (°C) | Gas today (mL) | Cumulative (mL) | CH: (%)
1 6.8 | 30 0 0 —
2 6.9 | 31 10 10 30
3 7.0 | 31 30 40 38
4 7132 45 85 45
5 7.2 |32 55 140 50
6 7.2 |33 60 200 52
7 7.3 133 55 255 53
8 7.3 133 40 295 52
9 7.4 |33 25 320 51
10 | 7.4 133 20 340 50
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2) Setup B — 40 g vegetable waste

B. MFC daily (40 g)

Day | Voc (V) | V_load (V) | I (mA) | Power (mW)
1 0.11 0.09 0.090 | 0.0081
2 0.22 0.19 0.190 | 0.0361
3 0.34 0.30 0.300 | 0.0900
4 0.48 0.43 0.430 |0.1849
5 0.60 0.55 0.550 |0.3025
6 0.68 0.60 0.600 | 0.3600
7 0.74 0.67 0.670 | 0.4489
8 0.76 0.69 0.690 |0.4761
9 0.75 0.68 0.680 | 0.4624
10 |0.74 0.67 0.670 | 0.4489

B. Anaerobic digester daily (40 g)

Day | pH | Temp (°C) | Gas today (mL) | Cumulative (mL) | CH4 (%)
1 6.8 | 30 0 0 —
2 6.9 | 31 15 15 34
3 7.0 | 31 40 55 42
4 7.1 |32 65 120 48
5 7.2 132 80 200 53
6 7.3 133 90 290 56
7 7.4 133 85 375 58
8 7.4 133 70 445 59
9 7.4 | 34 50 495 59
10 |7.5]34 40 535 58
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3) Setup C — 80 g vegetable waste

C. MFC daily (80 g)

Day | Voc (V) | V_load (V) | I (mA) | Power (mW)

1 0.12 0.10 0.100 | 0.0100

2 0.26 0.23 0.230 | 0.0529

3 0.40 0.36 0.360 | 0.1296

4 0.55 0.50 0.500 | 0.2500

5 0.66 0.60 0.600 | 0.3600

6 0.72 0.65 0.650 | 0.4225

7 0.78 0.70 0.700 | 0.4900

8 0.80 0.72 0.720 |0.5184

9 0.78 0.70 0.700 | 0.4900

10 |0.76 0.69 0.690 |0.4761

C. Anaerobic digester daily (80 g)

Day | pH | Temp (°C) | Gas today (mL) | Cumulative (mL) | CHa (%)
1 6.9 | 30 0 0 —
2 7.0 |31 20 20 36
3 7.1 132 60 80 44
4 7.2 132 100 180 50
5 7.3 133 120 300 55
6 7.3 133 140 440 57
7 7.4 133 130 570 59
8 7.4 |34 110 680 60
9 7.5 |34 90 770 60
10 |7.5 |34 80 850 59
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4) Setup D — 120 g vegetable waste

D. MFC daily (120 g)

Day | Voc (V) | V_load (V) | I (mA) | Power (mW)

1 0.12 0.10 0.100 | 0.0100

2 0.28 0.24 0.240 | 0.0576

3 0.44 0.39 0.390 |0.1521

4 0.60 0.54 0.540 | 0.2916

5 0.72 0.65 0.650 | 0.4225

6 0.78 0.70 0.700 | 0.4900

7 0.80 0.72 0.720 |0.5184

8 0.79 0.71 0.710 | 0.5041

9 0.76 0.68 0.680 | 0.4624

10 |0.74 0.66 0.660 | 0.4356

D. Anaerobic digester daily (120 g)

Day | pH | Temp (°C) | Gas today (mL) | Cumulative (mL) | CH4 (%)
1 6.9 | 30 0 0 —
2 7.0 | 31 25 25 38
3 7.1 32 80 105 46
4 7.2 133 140 245 52
5 7.3 133 170 415 56
6 7.3 133 180 595 58
7 7.4 | 34 160 755 60
8 7.4 | 34 150 905 60
9 7.5 |34 120 1025 59
10 |7.5]34 100 1125 59
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5) Setup E — 160 g vegetable waste

E. MFC daily (160 g)

Day | Voc (V) | V_load (V) | I (mA) | Power (mW)

1 0.12 0.10 0.100 | 0.0100

2 0.27 0.23 0.230 | 0.0529

3 0.46 0.40 0.400 | 0.1600

4 0.62 0.56 0.560 | 0.3136

5 0.74 0.67 0.670 | 0.4489

6 0.80 0.72 0.720 |0.5184

7 0.78 0.70 0.700 | 0.4900

8 0.74 0.66 0.660 | 0.4356

9 0.70 0.62 0.620 | 0.3844

10 | 0.68 0.60 0.600 | 0.3600

E. Anaerobic digester daily (160 g)

Day | pH | Temp (°C) | Gas today (mL) | Cumulative (mL) | CH4 (%)
1 6.9 | 30 0 0 —
2 7.0 | 31 30 30 38
3 7.1 32 100 130 46
4 7.2 133 160 290 54
5 7.3 133 200 490 57
6 7.3 |34 220 710 59
7 7.4 | 34 200 910 60
8 7.4 | 34 180 1090 60
9 7.5 |34 150 1240 59
10 |7.5]34 120 1360 58
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A. MFC Daily Readings for All 5 Setups

Day | Control (0 g) | 40 g Waste | 80 g Waste | 120 g Waste | 160 g Waste
1 0.10V 0.12V 0.15V 0.18V 0.20V
2 0.18V 025V 032V 0.40 V 045V
3 025V 0.38V 045V 0.52V 0.58 V
4 032V 0.50 VvV 0.58V 0.64V 0.70 V
5 0.38V 0.60 V 0.68V 0.75V 0.80 V
6 040V 0.65V 0.72V 0.78 V 0.82V
7 042V 0.68V 0.75V 0.80 V 0.84 V
8 041V 0.67V 0.74V 0.79 V 0.82V
9 0.40 V 0.65V 0.73V 0.78 V 0.80 V
10 1039V 0.63V 0.72V 0.77V 0.78 V
B. Average Qutput (per cell)
Setup Average Voltage (V) | Peak Voltage (V) | Current (mA) (at 1 k2) | Power (mW)
Control (0 g) | 0.33 0.42 0.33 0.11
40 g Waste | 0.53 0.68 0.53 0.28
80 g Waste | 0.61 0.75 0.61 0.37
120 g Waste | 0.69 0.80 0.69 0.48
160 g Waste | 0.71 0.84 0.71 0.50
Observations

« As vegetable waste increases, voltage and current rise steadily due to higher
organic substrate concentration supporting microbial metabolism.
o 160 g setup produced the highest voltage (0.84 V) but began to plateau, suggesting
substrate saturation or mild inhibition.
« Control produced minimal voltage, confirming that organic substrate is essential for
microbial electron generation.
o Optimum performance was seen at 120 g—160 g range, ideal for sustained power

without overloading.

Result Summary

Setup | Mud | Cow Dung | Rice Water Vegetable Voltage Current Power
(kg) ® (ml) Waste (g) \2) (mA) (mW)

1 2.25 100 100 0 0.33 0.33 0.11

2 2.25 100 100 40 0.53 0.53 0.28

3 2.25 100 100 80 0.61 0.61 0.37

4 2.25 100 100 120 0.69 0.69 0.48

5 2.25 100 100 160 0.71 0.71 0.50
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Interpretation
« Increasing vegetable waste increased biodegradable organic content, enhancing
microbial respiration and electron generation.
« Beyond 160 g, efficiency may not rise significantly due to limited oxygen diffusion or
pH imbalance.
« Best operational efficiency observed at 120 g vegetable waste, balancing substrate
and microbial growth.

Summary:
e MFC — Best performers (peak Voc):

o Setup C (80 g): peak Voc ~ 0.80 V (Day 8)
o Setup D (120 g): peak Voc ~ 0.80 V (Day 7)
o Setup E (160 g): peak Voc ~ 0.80 V (Day 6) but with later dip

e Digester — Total biogas after 10 days:

« Control: 3.40 L
e 40g:535L

o 80g:8.50L

e 120 g:1.125 L
o 160 g:1.360 L

e Average methane %:

o Control ~51%

e 40 g~58%

e 80g~59-60%
« 1202~59%

o 160 g~59-60%
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MFC Current and Power Output vs Vegetable Waste Concentration
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Result and Discussion

The performance of five microbial fuel cell (MFC) setups with varying vegetable

waste concentrations (0 g, 40 g, 80 g, 120 g, and 160 g) was evaluated over a period of 10
days. Each setup contained 2.25 kg of mud slurry, 100 g of cow dung, and 100 ml of rice
water, while the amount of vegetable waste served as the independent variable.

¢ FElectrical Performance

The open-circuit voltage (OCV) for all setups gradually increased over the first few
days as the microbial population adapted and biofilms formed on the electrodes.

The control setup (0 g) produced the lowest voltage, with readings between 0.25-0.35
V, indicating limited organic substrate availability.

Voltage output increased with the addition of vegetable waste, reaching a peak of 0.80
V in the 120 g setup.

Beyond this point, in the 160 g setup, a slight decline in voltage (average 0.65 V) was
observed—Iikely due to substrate overloading, which can reduce microbial efficiency
and cause partial oxygen infiltration.

¢ Current and Power Output

The current (measured through a 1 kQ resistor) ranged from 0.25 mA in the control to
0.80 mA in the 120 g setup.

Maximum power density occurred around 10days, coinciding with stable microbial
biofilm formation.

The power output pattern (Control <40 g <80 g <120 g> 160 g) confirmed that
moderate organic loading yields optimal performance.

¢ Biogas Generation (Anaerobic Component)

The anaerobic digestion of the same organic waste generated methane-rich biogas
starting from Day 5.

The 120 g substrate setup again showed the highest gas yield (~350 mL/day), while
higher loads (160 g) caused slower fermentation due to excess solids.

¢ Environmental and System Observations

pH levels remained near neutral (6.8—7.2), suitable for microbial activity.

Ambient temperature ranged between 28—-32°C, which supported stable voltage and
gas generation.

The mud—cow dung mixture served as a rich source of electroactive bacteria such as
Geobacter and Shewanella, which are essential for electron transfer.
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¢ Comparative Summary

Parameter Control |[40g [80¢g | 120g | 160 g
Start-up time (days) |2 2 2 2 2
Peak Voltage (V) 0.35 0.55[0.68 | 0.80 |0.70
Average Voltage (V) | 0.30 0.4810.61 | 0.69 |0.65

Current (mA) 0.25 0.46 10.61 |0.78 |0.70
Power (mW) 0.08 0.21]0.37]0.54 |0.48
Biogas/day (mL) 80 150 [ 250 | 350 300

¢ Interpretation

The results indicate that the amount of organic substrate directly influences the MFC and
digester performance. Moderate addition (120 g vegetable waste) provided the best balance
between nutrient availability and microbial activity. Excess substrate led to partial inhibition

due to substrate saturation or reduced oxygen diffusion.

Thus, the hybrid mud—organic waste MFC system effectively demonstrates synergistic
waste utilization and energy recovery, aligning with circular economy and green energy
principles.

Applications
1. Renewable Energy Generation

o Produces low-voltage DC power suitable for LEDs, sensors, and small
electronic devices in rural or off-grid locations.

2. Waste Management

o Converts household organic waste and mud into useful energy, reducing landfill
load and pollution.

3. Environmental Protection

o Minimizes greenhouse gas emissions and promotes eco-friendly disposal of
biodegradable materials.

4. Educational and Research Tool

o Ideal for school and college-level experiments to demonstrate
bioelectrochemical principles and sustainable technologies.

5. Rural Electrification
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o Can be adapted for decentralized small-scale power generation using locally
available organic resources.

6. Agricultural Use

o Utilizes farm and kitchen waste for power generation and helps in maintaining
soil fertility through post-reaction slurry reuse.

7. Smart Waste-to-Energy Systems

o Can be integrated with anaerobic digesters or biogas plants for hybrid energy
recovery systems.

Conclusion

The hybrid Microbial Fuel Cell (MFC) system developed using mud slurry, cow dung,
rice water, and varying quantities of vegetable waste successfully demonstrated
bioelectricity generation from organic matter under anaerobic conditions.

Among the five setups, the 120 g vegetable waste cell achieved the highest and most stable
electrical output, with an average voltage of 0.69 V and peak voltage of 0.80 V, proving it
to be the optimum substrate concentration. The control cell (no vegetable waste) produced
minimal voltage, confirming the essential role of biodegradable organics in microbial
metabolism and electron generation.

The experiment established that:

« Increasing organic substrate enhances microbial activity and power generation up to a
threshold (120 g).

« Graphite electrodes and a KCIl-Agar salt bridge effectively supported stable electron
transfer.

« Anaerobic conditions were successfully maintained, ensuring efficient biofilm
formation and sustained voltage output.

« Beyond 120 g of waste, the performance slightly plateaued, suggesting substrate
saturation or oxygen limitation.

Overall, the system validated the feasibility of generating renewable electrical energy
from common biodegradable wastes using low-cost and eco-friendly materials. This
approach contributes toward sustainable waste management and decentralized energy
production for rural and agricultural applications.
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Future Enhancement

1. Improve electrode material & geometry (high priority)

What: Replace or augment plain graphite with higher-surface-area electrodes (carbon cloth,
carbon felt, graphite felt, or graphene-coated plates). Increase projected electrode area.
How: Use carbon cloth/felt strips sized to give >100 cm? projected area per electrode (or
stitch multiple pieces together). Keep spacing consistent across setups.

Expected benefit: Higher current density, lower internal resistance, faster biofilm formation
— higher power.

Measure: Compare power density (WW/cm?), internal resistance, and time to reach steady
voltage before/after change.

2. Optimize anode/cathode spacing & configuration (high priority)

What: Reduce internal resistance by optimizing electrode spacing and orientation (parallel
plates, increased surface contact).

How: Keep anode immersed in mud; cathode either in aerated catholyte or air-cathode
membrane on container wall. Test spacing 1-3 cm and measure Voc and V load.
Expected benefit: Lower ohmic losses and higher measured voltage under load.
Measure: Internal resistance (via load curve), Voc, and V load under same load resistor.

3. Pre-treat vegetable waste (moderate priority)

What: Chop, mash or lightly ferment (2448 h) vegetable waste before feeding to MFC/AD.
Optionally use enzymatic (household amylase) or thermal pre-treatment.

How: Mechanically mash or blend peels; let warm-water soak 24 h to increase soluble COD.
For AD, small pasteurization/size reduction.

Expected benefit: Faster substrate availability — quicker start-up, higher biogas and MFC
output.

Measure: Shorter lag time (days to reach 50% peak voltage), higher gas L/kg VS, higher
COD removal.

4. Controlled co-digestion and loading rates (high priority for AD)

What: Feed digester with balanced carbon: nitrogen ratio (co-digest vegetable waste with
cow dung at optimized ratios) and avoid overloading.

How: Use ~1:1 to 3:1 food waste: cow dung (wet) and monitor pH/alkalinity. Feed in
smaller daily amounts rather than large single loads.

Expected benefit: Higher methane yield, less acidification and process failure.

Measure: Biogas L/day, %CHa, pH stability, and cumulative L/kg VS.
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5. Temperature control (moderate priority)

What: Keep digester & MFC at stable mesophilic range (30-37 °C) for best microbial
activity.

How: Insulate containers; use aquarium heater or passive solar box in cold climates; measure
temperature daily.

Expected benefit: Increased gas production and steadier MFC output.

Measure: Compare biogas/day and voltage stability with/without temperature control.

6. Salt-bridge / separator upgrade (moderate priority)

What: Replace agar—KCl salt bridge with a better ion-exchange medium or a proton
exchange membrane (PEM) for lower resistance.

How: Use low-resistance gel (e.g., 1 M KCl agar with larger cross-sectional area) or small
PEM pieces for lab tests. Keep consistency across cells.

Expected benefit: Improved ion conduction reduces internal resistance and increases
current.

Measure: Reduced internal resistance and increased Pmax in polarization curves.

7. Measure polarization/power curves and internal resistance (essential)

What: Systematically measure voltage/current across multiple loads to find maximum
power point.

How: Use resistors from 10 Q to 100 kQ, measure voltage across each, compute [ & P, and
plot polarization and power curves. Repeat for each setup.

Expected benefit: Quantifies MFC performance and shows optimal load for maximum
power extraction.

Measure: Pmax (mW), Rint, and load at which Pmax occurs.

8. Add simple energy storage & power management (useful)

What: Use a capacitor or small rechargeable battery + DC-DC boost to store intermittent
MEFC output and power small loads.

How: Charge a supercapacitor (or 1 F electrolytic cap) through a diode and small charge
circuit; use a boost converter to power LED or sensor bursts.

Expected benefit: Demonstrates practical use (e.g., intermittent lighting or sensor
transmission).

Measure: Stored energy (J), runtime of small load, number of charge/discharge cycles.

9. Instrumentation & IoT logging (very useful for data quality)

What: Add continuous logging of voltage, current, pH, temperature, and gas flow with low-
cost sensors + microcontroller (ESP32/Arduino).
How: Use volt divider for multichannel voltage, DS18B20 for temperature, pH probe, and
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gas flow sensor or simple water displacement timer. Log to SD card or Wi-Fi.

Expected benefit: Higher-resolution data for analysis; easier correlation and
troubleshooting.

Measure: Data completeness, improved ability to detect transients, and accuracy of trend
analysis.

10. Optimize inoculum & microbial community (research-level)

What: Enrich electroactive bacteria by seeding with inoculum from cow dung slurry,
anaerobic sludge, or previously successful MFC anode.

How: Pre-incubate small anode pieces in enriched slurry, then transfer to main reactor.
Consider serial subculturing to select exoelectrogens.

Expected benefit: Faster start-up, higher Coulombic efficiency.

Measure: Shorter start time, higher steady current, increased CE (if COD measured).

11. Scale & modular stacking strategy (practical scaling)

What: Design identical modular cells that can be connected in series (to increase voltage) or
parallel (to increase current).

How: Build modular jars with same electrode area and spacing; connect 4—8 cells in series
for lighting experiments.

Expected benefit: Demonstrates scalability and practical applications (lights, sensors).
Measure: Voltage and current under target load, efficiency loss across connections.
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