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Abstract — As urban populations are reaching nearly 63% 
of the world population, renewable energy and space-
efficient agricultural sustainability are essential for 
extended development [1]. In order to generate clean energy 
and to promote agricultural efficiency, a hydroponic system 
was constructed with an interior plant-microbial fuel cell: 
enabled via the decomposition of glucose by E. coli into free 
electrons, and then transported by hydroponic water 
effluent. This novel design was most efficient with 80 
colony forming units (CFU) of E. coli and the addition of 
bio-catalyst Graphene oxide, generating a maximum of 1.9 
W/m2 and promoting space-efficient, self-sufficient 
agricultural development. 

I. INTRODUCTION 

Currently, only about 15% of US energy production is 
renewable, by use of solar, wind, and hydroelectric energy, 
and approximately 41% of the world has access to clean water 
for agriculture, largely due to root-decomposition by 
microbes [1]. Despite this, expansion of hydroponic (water-
based cultivation) systems and research on alternative 
methods of generating clean energy, such as the microbial 
fuel cell (MFC), have yet to be implemented into developing 
societies. 

Plant-microbial fuel cells (MFCs) work as microflora 
decompose plant-photosynthesis byproducts, enabling free 
electrons to be transferred to electrodes, thus generating 
electricity [2]. 

The purpose of this study was to design a combined 
hydroponic-PMFC system used to determine maximum 
agricultural and energy efficiency. The hypothesis was that 
the addition of conductive biocatalyst Graphene oxide (GO) 
and E. coli would enable maximum electrical generation. 

II. MATERIALS & METHODS 

To construct the system, polyvinyl chloride piping was 
altered based on an “ebb and flow” technique, with two drip 
tubes and one connector to a 0.04 kg/s water pump [3]. The 
membrane-less PMFC was then implemented with an anode 
and cathode constructed with carbon fiber sheets. Electrodes 
were placed submerged below the equilibrium level of water 
and by plant roots, enabling maximum electron-surface 
contact. (Figure 1) 

 
 
Figure 1: Schematic of Dual-Drip Hydroponic Chamber and 
Electrodes 
 

The model plant catalyst tested in this study, aquatic and 
medicinal Bacopa monnieri, was grown in the hydroponic 
chamber with varying levels of E. coli pollution and GO.  

E. coli was grown in an agarose-Luria broth solution and 
introduced to the system via sterile inoculating loop 
techniques, with concentrations varying from 20-80 CFU. GO 
was coated onto electrodes via flat brush with 0.04 mL/cm. 

Power and input energy were measured using a Vernier 
LabQuest2 and Vernier probes. Statistical analysis was 
conducted in IBM SPSS v20 with One-Way ANOVA Post-Hoc 
Scheffe and in R with a Three-Way T-Test. 

 
III. RESULTS 

 
Figure 2: Power Density Based on Variable Concentrations.  
Significant differences (p<0.05) denoted by asterisks. 

 
IV. DISCUSSION & CONCLUSION 

 
A novel hydroponic system with energy generating 

capabilities was successfully created with high cost efficiency 
with a maximum power density of1.9 W/m2 with a cost of 
only $6.08 for the entire system. The experimental design 
significantly enhanced plant growth by 34% as compared to 
the control. This may be attributed to the ability for the 
system to move root-decomposing bacteria over time. In the 
future, solar disinfection could be incorporated to restrict 
bacterial growth within the system. The designed hydroponic 
system may be implemented in urbanizing regions requiring 
cultivation in microbe-polluted water as well as clean energy. 

Conclusively, additional electron-transferring bacteria 
attributed to greater energy efficiency by ±2.43% CFU added 
due to greater photosynthetic decomposition.  The hypothesis 
was supported as GO enhanced overall efficiency due to 
macronutrient properties. 
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