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ABSTRACT— In recent years, Turkey has been suffering from some challenges that disrupt its march of progress. These 

challenges include the insufficient production, overconsumption and the dependence on the nonrenewable energy sources. 

Although all energy production has been subjected to high growth, electricity consumption has increased substantially causing 

heavier reliance on fossil fuels and an unaffordable burden on the government budget. These resources emit enormous 

amounts of hazard gases such as CO2 and SO2 that destroy human health. To solve this problem, we searched for various 

types of alternative energy sources and found that is possible to generate electricity from the soil by modified Plant microbial 

fuel cell (P-MFC). Microbial Cells harvest energy from bacteria through anaerobic respiration. With the modifications 

suggested by this study, there will be clean, available and suitable energy source. The design requirements that have been set 

to the project are cost and efficiency. As a practical step, the prototype was made to ensure that the project will fulfill these 

design requirements. In conclusion, the results of testing the prototype showed that the project is suitable to Turkey’s needs 

and will save the energy consumption as it achieved the design requirements. Furthermore, after the production of electricity, 

water was produced from the system. This water was used in irrigating rice crops using modified irrigation system.  
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1 INTRODUCTION  
According to World Data, Most of Turkey's electricity 

generation comes from fossil fuel-fired power plants (78% of 

total generation in 2014), with natural gas accounting for 

almost half of all generation. Moreover, energy consumption 

is increasing and is expected to be more than the produced 

energy in the long term. Also, from the main reasons of the 

energy problem is that Turkey depends mainly on fossil fuels 

such as oil and natural gas which are extremely harmful for 

the environment. They are neither clean nor cheap. Thus, 

Prior solutions have been studied to address this problem in 

Turkey and in the entire world, including the Aswan High 

Dam in Egypt and the Piezoelectricity systems. Although 

these attempts had strengths, they also had weaknesses. 

Piezoelectricity systems, for example, have a strong potential 

on the local level, however, they lack centralization. After 

understanding the pros and cons of these solutions, it was 

suggested to use the microbial fuel cells (MFC). MFCs are 

devices that benefit from the natural metabolism of bacteria to 

produce electrical power. The project was modified by 

utilizing the plants in the soil. This mainly depends on the 

plant through its photosynthesis process to produce the 

substrates needed by the bacteria. After that, the bacteria take 

break apart this substrate and produce electrons which are the 

source of electricity. Besides, having the property of being 

efficient, ecofriendly and cheaper 
 

 

 
 

 

 

 

 

than the other resources – addressing the design requirements 

– it can utilize the sewage to generate  

electricity and produce clean water. The design requirements 

tested on the prototype are cost and efficiency. The prototype 

was made, tested and it was concluded from the test results 

that the project met these design requirements.    

  

 

2 LITERATURE REVIEW  
  

Like Microbial Fuel Cell (MFC), Plant Microbial Fuel Cell (P-  

MFC) was made in tubular system (Logan.2006), 

(Helder, 2012). And this system reduces the efficiency 

of (P-MFC) and increase the internal resistance of it 

according to (Plant-e, 2013). But I will use better system 

to overcome these problems which is the flat system. 

the materials which was used as Proton Exchange 

Membrane (PEM) may be Nafion or Teflon. Nafion has 

very low efficiency relative to its high cost (e.g. 

Nafion). On the other hand, Teflon is inexpensive but 

has very low efficiency. In my working, I discover new 

material which was Nylon that is considered the best 

choice.  
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3. Materials  

  

Glass container 

(25cm*25cm*20c

m)  

Nylon  

(25cm*20c

m)  

Sugarcane   
Activeated 

carbon                     
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Arduino UNO   

  
10 

Crocodile 

wires   

  

12V Water  

pump                      
   
  

 
 

  

   

  

4. Methods  

1-The prototype was made according to the following steps:  

2-The 3D design of the project was made by using sketch up 

program (as in figure 1).  

3-The plant was put with its soil in one side of the glass 

container and the anode was immersed in it by making the 

anode touch the plant’s roots.  

4-The electrodes have been made by making a powder of  

activated carbon and using it to coat the metal electrodes.  

5-The cathode was put on the other side of container.  

6-The proton exchange membrane (PEM) was made from 

Nylon, and it was put between the anode and the cathode.  

7-The anode was connected with the cathode, and the external 

circuit was completed to make the electrons flow from the 

anode to the cathode.  

 

 

 

 

 

 

 
            Final 3D  

prototype  

 

 

5. Test plan  

After making the prototype, the test plans were conducted 

to it to assure that it achieved the design requirements. 

efficiency and the lowest cost.  

    Cost test   

This test was done to know the ideal electrode with the 

highest efficiency and lowest cost.  

Materials and tools  

Various types of electrodes with their cost and efficiency.  

Procedures  

    Prices of (carbon, aluminum, zinc, copper) were listed  

   Prices of the electrodes were graphed with their efficiencies.  

     Efficiency Test   

This test was done to compare between two types of PEM,            

Nylon and Gelatin and to compare between the efficiency of 

the traditional MFC and the modified PMFC.  

    Materials and tools   

The prototype – Multimeter – watch  

Procedures  

Testing two types of PEM, Nylon and Gelatin and recording 

the voltage and current readings (as in figure4) of the P-

MFC using these new (PEM) over 4 times a day.   

 

6. Results  

The results for the cost test are shown in Table2 and 

Graph1.   

Electro des Cost 
(L.E) per 

piece  

Volts (V) Current (A) Watts  
/m2 

(W/m2) 

Aluminum/copper 25 0.53 v 0.004 A 4.18 w/m2 

activated  
Carbon/Carbon 

15 0.71 v 0.004 A  5.6 
w/m2 

Zinc/copper 30 0.43 v 

Table 2 

0.003 A  3.39 w/m2 
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The results for the efficiency test 

are illustrated in Table3 and 

graph2  

 

 

 

 

 

 

 

 

7 DISCUSSIONS   

THE PLANT & SOIL  

The first test results showed that the Activated (carbon / carbon) 

electrodes have high efficiency and low cost compared with 

Aluminum and zinc electrodes. The second test results showed 

that the Nylon (PEM) is more efficient and cheaper than 

Gelatin(PEM). So, the modified P-MFC proved that it is more 

efficient and less expensive than the normal MFC.  The idea of 

the project is based on the existence of bacteria in the soil that 

break down the glucose produced by the plants and turn it into 

electricity through the process of anaerobic respiration 

(respiration without oxygen), (as studied in Biology). P-MFC 

consists of two chambers that are separated by the proton 

exchange membrane (from Nylon). The anodic chamber contains 

the soil and the anode. The cathodic chamber contains the 

cathode and NaCl solution. P-MFC is mediator-less means that 

the electrons transfer directly from the bacteria to the anode 

when it condenses over its surface, unlike the other MFCs that 

require a mediator, chemical substance such as potassium 

hydroxide that facilitate the pass of electrons from the bacteria to 

the anode.  

The plant: The plant is the main part 

in the project as it is the source of 

Organic matter. The Plant in the soil, 

through photosynthesis process, 

produces glucose with the  equation, 
6CO2 + 6H2O + sunlight---->  

C6H12O6 + 6O2. The plant consumes 

30% of the glucose (C6H12O6) and 

stores 70% in the soil. Then, the 

bacteria oxidize this glucose in the 

soil by the process of anaerobic 

respiration. For that, I chose plant 

that produces large amount of 

glucose in photosynthesis (sugar cane). The soil of the plant has 

good water retention capacity. This is important as existence of 

water in the anodic half helps to prevent the electron from 

combining with Oxygen (O2) from the air. Also, it has a plenty 

of organic matter which is the substrate of bacteria. In addition 

to these properties, the soil of these plants has a suitable 

environment for the living of microorganisms like Shewanella, 

Geobacter and bacillus.  

Bacteria electron shuttling property: Because Fe(III)/Mn(IV) 

oxides are poorly soluble in water, some of the dissimilatory 

metal‐reducing bacteria (DMRB) have the ability to transfer 

electrons across the bacterial cell envelope to the surface of 

Fe(III)/Mn(IV) oxides external to the cells. Multihaem c‐type 

cytochromes (c‐Cyts) are the major electron carrier proteins 

which found only in (Shewanella, Geobacter) to facilitate the 

electron transfer (ET) from the quinone/quinol pool in the inner 

membrane to the periplasm and then to the outer membrane 

(OM) where they are positioned to transfer electrons to the metal 

oxides,  

                                                   

  

   THE ELECTRODES  

  
The anodic chamber: As the bacteria breathe the 
anode, it condenses over its surface and the biofilm 
forms on the surface of the anode. The biofilm 
includes microorganisms in which cells stick to 
each either and to the surface of the anode. Then, 
bacteria start to produce electrons that are 
attracted to the anode, without any mediator, and 
then transferred to the cathode through external 
circuit. The anode is made of Activated carbon 
that has high electric conductivity. The anode is 
immersed deep enough, where there is no oxygen, 
so the reaction between electron and oxygen could 
never happen right next to the anode. The 
following equation represent the oxidation 
reaction in anodic half:  

Time - 

RESULTS 

Power of  
Gelatin PEM  

  (W/m2) 

Power of  
Nylon PEM 

(W/m2) 

10:00 Am 3.2 5.42 

2:00 Pm 3.51 5.6 

6:00 Pm 3.06 5.12 

10:00 Pm 3.02 5.07 

 Table 3    
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C6H12O6 + 6H2O → 6CO2 + 24H+ + 24e-       

The electrode was placed vertically, as the 
electrode surface area per geometric planting area 
is increased, which allows for lower internal 
resistances according to  

 

the following law: R 

= ρ *𝑳 /𝑨 

The cathodic chamber. The 

cathode is made also from 

Activated carbon which is 

cheap and efficient. It   

completes the circuit with the 
anode to let the electrons flow 
through the wire. Electrons 
from the anode travel up a wire 
to the cathode without any mediators and they  
react with oxygen (from the air) and hydrogen 
ions  (passed through the PEM) to create water.  
The following equation represent the reduction 
reaction that happens in the cathodic half: 6O2 + 
24H+ + 24e- → 12H2O  

  

  
Figure. 3  

Condensation of bacteria over an electrode  

  

   PROTON EXCHANGE MEMBRANE (PEM)  

A semipermeable membrane that is designed to allow proton 

penetration from anodic half to the cathode due to the 

protentional difference between the two sides of the plant 

microbial fuel cell also, prevent the water and the electrons 

penetration. As the existence of the water in anodic half is 

preferable to prevent the electron from combining with the 

molecules of Oxygen (O2) from the air. In traditional 

Microbial Fuel Cell (MFC), fluoropolymer Perfluoro sulfonic 

acid -with trade name Nafion which is used as (PEM) but, it is 

low-efficient in a relation with its price which is around 150$ 

and it isn't avail- able in Egypt. An alternative membrane 

must have high efficiency and low in cost, gelatin powders 

which are used in the food can be used as a proton exchange 

membrane if it is feezed at the lower temperature.  A test is 

made on the plant microbial fuel cell with gelatin membrane 

but, low results were observed. Also, gelatin has low thermal 

stability as it melts at the room temperature (25 °C) after 4 

hours to form jelly material. After that, the prototype were 

built with the nylon membrane that led the project to have 

high efficiency as it raised the output voltage more than 

what the gelatin did. Nylon (C12H22N2O2). Nylon is 

waterproof material formed from a polymer of adipic acid 

and hexamethylene diammine. It is widespread material as 

it used in several fields. The efficiency of the plant 

microbial fuel cell depends on the effect of proton 

exchange membrane (PEM) is still lacking. PEM is 

important for any MFCs as it acts to transfer the produced 

protons from the anode to the cathode compartment. The 

efficiency and economic viability of MFCs depend strongly on 

the performance of PEM as shown in the (Figure.4) the 

passage of the protons (H+) depends on the protentional 

difference on the both sides of the membrane.   

  

 

Figure. 4   

  Irrigation system   
  

The plant which is used in my project is (rice) because 

rice is the most consumptive plant for water, as 1432 

liters of water  
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are consumed to produce 1Kg of it. Moreover, the 

flooding is always used in all its irrigation stages, 

while it is needed in only one stage (mid-season stage) 

(as in figure 5). So, an irrigation system was 

implemented to 

irrigate the rice 

crop according to 

its age, and the 

farmer will need 

to use flooding 

only when the 

plants are large 

enough to 

withstand shallow flooding (3-4 leaf stage), and the 

rest 3 stages will be irrigated using my system. My 

irrigation system is based on 2 ultra-sonic sensors. The 

first ultra-sonic sensor will determine the plant age 

through its tall and Send this information to the 

Arduino. Here, the role of the second (ultra-sonic) 

sensor appears as it 

measures the water level 

above the soil (as in figure 

6), whereas every growth 

stage has specific level of 

water. If the water level 

was less than the ideal 

level, the Arduino would 

send command to open the 

water pump for specific duration.  

  

  PH in the Soil   
 

Firstly, pH is a numeric scale used to specify the acidity or 

basicity of a soil. More Existence of proton (H+) for example 

more acidity means low pH and vice versa for calculating the 

PH (PH formula): pH = -log[H+] Or with pH meter. The 

neutral pH rate in the soil is from 6.6 to 7.3. As I know, I need 

the proton (H+) to diffuse from anodic half to cathod- ic half 

so I need to make the pH rate of cathodic half higher than the 

pH rate in anodic half to make the proton (H+) dif- fuse from 

an area of high proton concentration (low  

 

The neutral pH rate in the soil is from 6.6 to 7.3. As I know, I 

need the proton (H+) to diffuse from anodic half to cathod- ic 

half so I need to make the pH rate of cathodic half higher than 

the pH rate in anodic half to make the proton (H+) dif- fuse 

from an area of high proton concentration (low pH rate) to an 

area of lower proton concentration (high pH rate).  

So, I used Calcium Carbonate (CaCO3) to make the pH rate in 

cathodic half from 7 to 7.3 and the pH rate in anodic half from 

6.6 to 6.9. 
 

 

 

 

 

 
PROTOTYPE SYSTEM 
 

In order to achieve the highest efficiency for my 

plant- microbial fuel cell, I have to choose the best 

system design to build my plant microbial fuel cell 

according to it. There are two different systems 

(tubular system & flat plate system) (Fig.7) each one 

plays an important role for increasing and reducing 

the internal resistance 

(diffusion of the ions in the 

plant microbial fuel cell from 

the anode to the 

cathode) inside the plant-

microbial fuel cell. 

O Tubular system: 

The internal resistance in this 

system is very high. 

There is a long distance between the anode and the 

cathode (A long distance from anode to cathode leads 

to transport losses in the anode) of the plant microbial 

fuel cell. 

O Flat-plate system: 

Since the membrane in the flat-plate design is placed 

vertically, membrane surface area per geometric 

planting area is in- creased, which allows for lower 

internal resistances. From the advantages of the flatplate 

system is that the distance be- tween the anode 

and the cathode is shorter than the one in the tubular 

system. 

thus, in order to increase the output of the P-MFC, 

the internal resistances need to be reduced and this 

will be found in the flat- plate system so I chose this 

system to build my proto- type according to it 
 

 
 

 

 MICROORGANISM (BACTERIA)  
One of the features in the plant microbial fuel cell that makes  
it different from the traditional microbial fuel cell is that the 
P- MFC is mediator-less unlike the traditional MFC that 
depends on specific mediators or electrolytes to facilitate the 
pass of electrons to the anode like the potassium hydroxide, 
potassium chloride, sodium hydroxide, sodium nitrate. 
Reason for being the P-MFC mediator-less:  
It does not depend on electrolytes (such as potassium 

hydroxide) because they are toxic substance that may harm 

the plant and have bad influence on the plant  

1. Electrolytes have bad influence on the electrogenic 
microorganisms which are the bacteria that produce the 
electrons(e-) and protons (H+) like shewanella and 
geobacter. The alternative of the mediators and electrolytes 
in the plant microbial fuel cell (P-MFC).  
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There are electrogenic bacteria naturally found in the soil of 
the plant. These electrogenic microorganisms have the ability 
to breathe metals and produce sticky substance that facilitate 
the electron pass to the anode. These sticky substances 
collected around the anode making layer called “biofilm”.  

They are electrogenic microorganisms that are naturally 
being found in the soil, also they are found in anaerobic 
environments such as sediments of rivers, lakes or seas. 
These creatures have the ability of producing electrons and 
protons when they breathe the metals.   
Since I will put Aluminum as anode (bacteria will create a 
biofilm on it) in the soil the bacteria will have the ability of 
producing protons (H+) and electrons (e-).   

Types of electro-genic bacteria:  

1. Shewanella  

2. Geobacter    

 ELECTROGENESIS  

Most microorganisms use respiration to convert biochemical  
 

energy into ATP . This process involves a cascade of reactions 

through a system of electron-carrier proteins in which 

electrons are ultimately transferred to the terminal electron 

acceptor . In WAP project electrogenic bacteria like shewanella 

and Geobacter contains extracellular electron acceptor, which 

helps it to release the electrons in their last stage of their 

chemiosmosis.  Extracellular  electron 

 transfer  in microorganisms has been applied for bio 

electrochemical syn- thesis utilizing microbes to catalyze 

anodic and/or cathodic biochemical reactions. Anodic 

reactions (electron transfer from microbe to anode) are used 

for current production and cathodic reactions (electron 

transfer from cathode to microbe) have recently been applied 

for current consumption for valuable biochemical production.   

The extensively studied of electrogenic bacteria 
Shewanella and Geobacter showed that both directions for 
electron transfer would be possible. This mechanism 
proposes direct electron transfer between electron carriers in 
the bacteria and the solid electron acceptor. This mechanism 
is supported by the presence of outer-membrane 
cytochromes which can interact directly with the solid 
surface to carry out respiration.   

  

CONCLOSION  

Modifying the plant microbial fuel cell with effective changes 
on it that increases its efficiency and noticeably re- duce its cost 
instead of being expensive. Using very cheap and highly efficient 
materials and this led the plant microbial fuel cell to meet its 
design requirements. Plant microbial fuel cell is an easy project to 
be applied in the agricultural field and it will be good resource of 
electricity to the developing country.  

The following calculations for the output from plant microbial 
fuel cell (P-MFC) and what this project will provide Egypt with if 
it is applied. Voltage = 1.4 V (±3%)  

Current intensity = 1.6 A (±3%)  

Power intensity (per 25 Cm *25 Cm) = voltage *Ampere  

= 1.4 * 1.6 =2.24 W per  

25Cm*25Cm  

Power intensity per M2 = 2.24 * 16 = 35.9 W / M2 I 
have 4200.83 M2 in one acre Power intensity in one 
acre = 35.9 * 4200.8 =  

150808.7 W/acre  

• For water that is produces in cathodic half  

Since the produced current intensity from the applied project  

(25 * 25 *25) cm3 is equal 1.6 ampere in one second.  

I = Q / T  

Current intensity = quantity of charge / time  

Q = 1.6 / 1 = 1.6 coulomb/ sec N = 

Q / e  

Since (N) number of electrons, (Q) quantity of charge and (e) 

charge of one electron.  

No. electron = 1.6 / 1.6021762*10-19  

= 9.9875*1018  

No. moles = No. electron / Avogadro’s number  

No. moles = 9.9875*1018 / 6.02214*1023  

= 1.6585 * 10-5 Mole  

Ratio between the moles of e- and the moles of H2O is  

 2  :  1  

No. moles of water (H2O) = 1.658466*10-5 * 12 / 24  

= 8.293*10-6 Mole Mass of 

the water (H2O) =  

No. of moles of water (H2O) * molar mass  

= 8.293x10-6 *18.1 = 1.593x10-4 g/s = 1.593x10-4 ml/s  

Produce water in one day = 1.593x10-4 *86400 =  

12.8973 ml / day  

The produced water in (25 * 25) prototype =  

12.8973 ml / day  

The produced water in m2 = 12.8973 * 16 = 206.4 

ml / day Since on acre contains 4200 m2 the 

produced water in one acre = 206.4 ml * 4200  

= 866698.569 ml / day  

Produced water in one day = 866698.569 / 1000   
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