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Introduction

The increasing global population has intensified the demand for sustainable energy solutions. Meeting this
need requires leveraging renewable energy sources that also address pollution management and reduce
greenhouse gas emissions. Plant microbial fuel cells (PMFCs) have gained attention as innovative systems that
produce electricity by decomposing organic matter in their anodic chambers, providing a dual benefit of clean
energy generation and environmental remediation. These systems align closely with global sustainable
development goals and represent a novel approach to energy production from organic materials.

Materials and Methods

This research focused on a plant microbial fuel cell system designed to contribute to sustainable development
objectives. The system employed Cyperus plant and Shewanella oneidensis microorganisms to decompose
organic substrates, including carbohydrates secreted by plant roots or other external sources, within the anodic
chamber. Voltage output was measured using a voltage sensor connected to an Arduino UNO board, with data
collected at two-hour intervals. The experiment investigated the effects of two parameters: oxygenation rate in
the cathodic chamber and sodium acetate concentration in the anodic chamber, on the system performance.

Results and Discussion

The results revealed significant effects of both oxygenation and sodium acetate concentrations on the voltage
output of the PMFC system. Increasing the oxygenation rate from 0 to 1 liter per minute enhanced the voltage
output from 103 mV to 185 mV. Similarly, increasing sodium acetate concentration from 0 to 10 g L™ raised the
voltage from 103 mV to 170 mV. Furthermore, pollution removal efficiency was evaluated using chemical and
biological oxygen demand (COD and BOD) measurements. At the highest levels of sodium acetate concentration
(20 g L) and oxygenation rate (3 L min't), the pollution removal rate reached 90%. These findings underscore
the capability of PMFCs to combine energy production with effective environmental cleanup.

Conclusion
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The microbial-plant fuel cell system demonstrates considerable potential as a dual-purpose solution for
renewable energy generation and pollution removal. Its high efficiency in utilizing microorganisms and plants
for these tasks suggests that it could play a critical role in sustainable development. Future research should focus
on addressing the system’s limitations and enhancing its scalability and reliability to support broader
applications in renewable energy and environmental remediation.

Keywords: Cyperus plant, Plant microbial fuel cell, Phytoremediation, Pollution removal, Renewable
energy, Shewanella oneidensis
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Fig. 2. Voltage measurement module and Arduino board used to measure voltage of the plant microbial fuel cell
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Table 2- Results of analysis of variance Voltage data at the 1% level

Source Variable Sumofsquares df Mean square F Sig
Oxegen
Current 114.000 2 57/000 3819 0041
Voltage 15743185 2 7871593 5198 0017
Acetate
Current 164.667 2 82/333 5516 0014
. Voltage 26042593 4 6510648 4299 0013
Oxegen™Acetate o ront 249333 4 62333 1764 0014
Voltage 27259.333 18 1514407
Error Current 268,667 18 1429
Total
Current 8948.000 26
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Fig. 4. Mutual effects of sodium acetate and Oxygen concentration variables on plant microbial fuel cell voltage
(ewithout acetate, eacetate 10 g L%, and ~acetate 20 g L'l)
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Fig. 5. The voltage diagram related to the three treatments with the highest amount of acetate (ewithout oxygen,
eoxygen 1 L mint, and eoxygen 3 L min?)
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voltage of the plant microbial fuel cell (In this diagram, the average voltage of each treatment is reported)

25 A olge (LS Clbl alS— 0g)See (g Ju ol
OiblS sl e a1y 558 olS Wiy g I (SauY 28 as
iz g (uindeil Ml uudlS )l So Colleb s 4y (S
295 pladl )3 (SauVl o 3 gy oS AUlg 5 2 YLelS
VI

8158 351 ol 1 S0 g, 033 (1) oy & 425
Y jles Gl 5 4o pd A 1l W o gl (COD) (oo
sl ST ol o (ST ) sl 03 103 0l
YY jless sl 9 9o 80 2l VY Jlowi gl (BOD) (Sojelse:
Iy (S &8, cp i slasd 93 (pl ol Cawddy doyd WA iy
Llodged cud

5 (COD) (olhows (2lgs 50081 ol (Su ) b
(BOD) (Sejslge (135105

adaizee J31 Joboro (Bl 5enST (l5e hoxiw 4 2295 L
s o 3 39290 (RS gydam Sy (ST liee g oo ]
2l 3] i 001 12 9000 510 £ pSoilil ) sl
2392 3L ol (Sl e b Y Jobro (Sofslgn 5 (oliend
i) ST Cemge beoe 3 (gLl g0 53 g ol
3l i o8 Jgbre sl (218 3amST (lie V S5 )3 3.5 0
9 VYV slayles) matow il waw op i b jloss 93 4 e
ol o35 LI5S (Y

obess 93 2 3 (2l jeas] Sl glalges 4 g b
el glate Glsse ol ) gmdiee glitl Jolge tals



Amount (mg)

VPeF lmon F o lois IO oo (655l o pislo a3 yis  FVF

Tereatment 23

14602 17394 Treatment 33
15000 18000
«=@=COD =8=BOD

12000 ° ° 15000 —8—COD =—8=—BOD
S 12000

9000 | 8260 £ 9312
S 9000
£

6000
< 6000

3000 3000

0 0
1 5 10 15 20 1 5 10 15 20
Time day Time (day)

ke Sl o (03280 L slosd 93 & by (BOD) (Sojglses (o153 )50 (COD) (oo (25300581 e Jog03 =¥ JSud
(VYY)

Fig. 7. Chemical oxygen demand (COD) and biological Oxygen demand (BOD) graphs related to two treatments with
the highest levels of sodium acetate (treatments no. 23 and 33)
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