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Abstract: Energy is the fundamental necessity of this time. We as an emerging nation rely upon energy for 

different purposes. As of late, numerous countries set forth their drives on lessening the use of contaminating 

petroleum derivatives. It is notable that as an agricultural nation for us. So alternative fossil fuels we are in need 

of non-polluting biological means of energy. Our one more issue is squander materials delivered on different 

creations to couple these two issues explores tracked down innovation that utilizes microbial local area to 

corrupt natural mixtures in squander water and to make energy. In this momentum work we have chosen to plan 

a biochemical fuel framework in upstream mode utilizing engineered squander water which looks like refinery 

squander water. The expense of film utilized in past works is wiped out in the plan and arrangements have been 

given for different anode distances. 

To expand the proficiency of MFC, the cells work in two states of high-impact and anaerobic. Circulated 

air through MFC was additionally concentrated by differing ooze volume. The greatest power creation 

productivity was 53%. Using industrial wastewater for the creation of environmentally friendly power 

(bioelectricity) from anaerobic treatment is considered as an achievable, affordable and feasible interaction. 
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1. Introduction 
1.1 General 

The usage of fossil fuels, especially oil and fuel, in current years has elevated and this triggers a 

worldwide energy disaster. Renewable bioenergy is regarded as one of the approaches to relieve the modern-

day worldwide warming crisis. Principal efforts are dedicated to growing alternative energy manufacturing 

techniques. New electricity manufacturing from renewable assets without an internet carbon dioxide emission is 

an awful lot favored
[1]

. 

High strength requirement of conventional sewage remedy systems are disturbing for the alternative 

remedy era, with a view to be price powerful and require much less energy for its green operation
[3]

. In addition, 

because of worldwide environmental issues and electricity lack of confidence, there may be emergent hobby to 

discover sustainable and smooth energy supply with minimal or zero use of hydrocarbons. Bacteria can be 

utilized in fuel cell to catalyze the conversion of organic depend, gift inside the wastewater, into electricity 

microbial gas cells (MFC)
[3]

, if used for wastewater treatment, can provide easy energy for people, aside from 

effective remedy of wastewater. The benefits of the use of MFC for wastewater treatment include: clean, secure, 

quiet performance, low emissions, excessive performance, and direct energy restoration. Historically, 

MFCincludes chambers, anode and cathode, separated with the aid of proton exchange membrane (pem).  

Microorganisms oxidize the substrate and produce electrons and protons inside the anode chamber. 

Electrons, gathered at the anode, are transported to cathode by way of outside circuit and protons are transferred 

through the membrane internally. Thus, ability distinction is produced between anode chamber and cathode 

chamber because of assorted liquid solutions. Electrons and protons are ate up within the cathode chamber by 

means of lowering oxygen, generally from water. Most of the bacterial species utilized in gas cells are 

recognized to be inactive for shipping of electrons.  

Therefore, for intervention synthetic and natural compounds, called redox mediators, are used consisting 

of, impartial pink, methylene blue, thionine, and humic acid with addition of such mediators, industrial utility of 

MFC for wastewater treatment turns into difficult, due to the fact maximum of these mediators are pricey and 

toxic in nature. Consequently, today it's far emphasized to broaden mediator-much less MFC, by using 

enhancing its electricity production and reduction of its operational cost, to increase its popularity as wastewater 

remedy manner. 

Inside the operation of mediator-less MFC several factors are taken into consideration as restricting steps 

for electricity era, along with, gasoline oxidation on the anode, presence of electrochemically active redox 

enzymes for efficient electrons switch to the anode, external resistance of the circuit, proton transfer via the 



International Journal of Latest Research in Engineering and Technology (IJLRET) 

ISSN: 2454-5031  

www.ijlret.com || Volume 08 - Issue 04 || April 2022 || PP. 19-26 

www.ijlret.com                                                      20 | Page 

membrane to the cathode, and oxygen discount on the cathode. Proton switch to the cathode chamber may be a 

restricting element while proton permeability of the membrane is terrible. Underneath restrained proton switch 

conditions, microbial activity and electron switch to the electrode in anode chamber can be reduced due to 

exchange in pH, aside from sluggish cathode response due to restricted protons deliver utility of MFC in huge-

scale wastewater treatment, containing suspended solids, is probably restricted due to high preliminary fee and 

fouling of the membrane, requiring alternative. If use of membrane is eliminated, acceptability of MFC for 

wastewater treatment might boom.  

A membrane-less microbial gasoline cell (ml–MFC) turned into utilized by which converted organic 

contaminants from synthetic wastewater to electricity. Such membrane lessMFC can enhance the economic 

feasibility and acceptability
[4]

. Consequently, the objectives of the prevailing take a look at were: 

(i) To assess effectiveness of membrane-less MFC, inoculated with anaerobic sludge, for chemical oxygen 

call for (cod), biochemical oxygen demand (bod) and nitrogen elimination from synthetic wastewater 

and actual sewage. 

(ii) To have a look at the effect of surface location and distance among the electrodes on energy 

manufacturing using graphite electrodes. 

 

2. Materials and Methods 
2.1 Artificial Waste Water: 

The artificial waste water was prepared by the following steps 

 

Table: 2.1 Composition of synthetic wastewater 

C
o

m
p

o
n

en
t 

S
u

cr
o

se
 

N
aH

C
O

3
 

N
H

4
C

l 

K
2
H

P
O

4
 

K
H

2
P

O
4
 

C
aC

l 2
.2

H
2
O

 

M
g

S
O

4
.7

H
2
O

 

mg/ L 
320 -

470 
495 94.5 10.0 5.23 63.4 19.1 

 
3. Reactor Design 

3.1 Reactor volume and dimensions: 

To determine the required reactor volume and dimensions, the organic loading, superficial velocity, and 

effective treatment volume must all be considered. The effective treatment volume is that volume occupied by 

the sludge blanket and active biomass. An additional volume exists between the effective volume and the gas 

collection unit where some additional solids separation occurs and the biomass isdilute. The nominal liquid 

volume of the reactor based on using an acceptable organic loading is given by   
 Vn=QS0/Lorg 

Where Vn= nominal (effective) liquid volume of reactor,  m
3
Q=influent flow rate 

   m
3
/h, S0= Influent COD, kg COD/m

3,     
Lorg=organic loading rate, kg COD/m

3
.d 

 
To determine the total liquid volume below the gas collectors, an effectiveness factor is used, which is the 

fraction occupied by the sludge blanket. Taking into account the effectiveness factor, which may vary from 0.8 to 

0.9, the required total liquid volume of the reactor exclusive of the gas storage area is given by 

VL=Vn/E 

Where VL= Total liquid volume of reactor, m3, Vn= nominal liquid volume of reactor, m3E=effectiveness 

factor, unit less 

Re arranging eq., the area of the reactor is 

 

A=Q/v 

 
The liquid height of the reactor is determine dusing the following relationship: 

 
HL=VL/A 

Where HL = Reactor height based on liquid volume, A= cross-sectional area,m
2
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mVL=total liquid reactor volume, m
3
 

The gas collection volume is in addition to the reactor volume and adds an additional height of 2.5 to 

3m. Thus, the total height of the reactor is 

HT=HL+ HG 

Where HT= Total reactor height, m HL=reactor height based on liquid volume, m 

HG=reactor height to accommodate gas collection and storage, m 

 
3.2 Physical features: 

The main bodily capabilities requiring careful attention are the feed inlet, gas separation, gasoline series, 

and effluent withdrawal. The inlet and fuel separation designs are particular to the UASB reactor. The feed inlet 

needs to be designed to provide uniform distribution and to keep away from channeling or the formation of 

useless zones. The avoidance of channeling is more crucial for weaker waste waters, as there could be much 

less gasoline production to help blend the sludge blanket. Some of inlet feed pipes are used to direct glide to 

special areas of the bottom of the UASB reactor from a not unusual feed source. Access need to be furnished to 

clean the pipes in the event of clogging. Guidelines for figuring out the vicinity served by the man or woman 

inlet feed pipes as a function of the sludge characteristics and natural loading. 

 

3.3 Gas collection and solid separation: 

The gas solids separator is designed to collect the biogas, prevent washout of solids, inspire separation of 

gasoline and solid debris, allow for solids slide back into the sludge blanket region, and help improve effluent 

solids removal. A series of upside-down V shaped baffles is used next to effluent weirs to accomplish the above 

objectives. 

 

3.4 Reactor design: 

To determine the required reactor volume and dimensions, the organic loading, superficial velocity, and 

effective treatment volume must all be considered. Thenominal liquid volume of the reactor based on using an 

acceptable organic loading is given by 

 

Step1: 

To find the influent flow rate 

Vn=QS0/Lorg 

15 =  
Q (2K g SCOD  COD /m3)

(10KgSCODCOD /m3.d)
          (Assume Vn = 15lit. ) 

              Q=75l/d. 

Step2: 

To find the total liquid volume of the reactor 

VL=Vn/E 

VL = 
15𝑙

0.85
 (effectivenessfactor = 0.85) 

VL=17.6lit. 

Step3: 

To find velocity of wastewater 

V=Q / t 

17.6=
75

𝑡
 

t=4.2m/h. 

Step4: 

To find the area of the reactor 

       A=Q/v 

A=

75𝑙/𝑑

4.2𝑚/ℎ
 

A=0.01779m
2 

Step5: 

To find the diameter of reactor 

 A = 
𝜋

4
D

2 

0.01779 = 0.785D
2 

        D=0.1505m 

Step6: 

To find the reactor height based on liquid volume 
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HL=VL/A 

HL  = 
17.6 𝑥  10−3𝑚3

0.01779𝑚2  

HL=0.9893m 

HL1m 

 
3.5 Reactor Analysis: 

In the operation of mediator-less MFC several factors are considered as limiting steps for electricity 

generation, such as, fuel oxidation at the anode, presence of electrochemically. Active redox enzymes for 

efficient electrons transfer to the anode, external resistance of the circuit, proton transfer through the membrane 

to the cathode, and oxygen reduction at the cathode. A membrane-less microbial fuel cell (ML–MFC) which 

converted organic contaminants. From artificial wastewater to electricity. Such membrane less microbial fuel 

cell can improve the economic feasibility and acceptability. 

 
Figure: 3.1 Membrane less Microbial fuel cell 

 

3.6 Microroganisms Used In Microbial Fuel Cell 

3.6.1 Geobactermetallireducens: 

Geobactermetallireducens are rod shapedgram negative anaerobic bacteria and can be visible to have 

flagella and pili. The geobactermetallireducens turned into isolated from freshwater sediment, and become 

capable of gain strength through dissimilatory reduction of iron, manganese, uranium and other metals. This 

organism becomes the first organism found to oxidize organic compounds to carbon dioxide with iron oxides as 

the electron acceptor. Geobactermetallireducens also can oxidize short chain fatty acids, alcohols, and 

monoaromatic compounds inclusive of toluene and phenol using iron as its electron acceptor. 

Geobactermetallireducens additionally plays a position in carbon and nutrient biking and bioremediation, 

allowing the metabolism of soluble dangerous contaminants into insoluble innocent paperwork. 

 

3.6.2 Geobactersulfurreducens: 

Geobactersulfurreducens are comma formed gram bad anaerobic bacteria which are determined under the 

floor and are one of the fundamental steel lowering bacteria. Geobactersulfurreducens can oxidize natural 

compounds and couple that to the reduction of metals. And additionally oxidizes acetate to carbon dioxide and 

water whilst lowering compounds together with sulfur, fumerate, and some metals such as iron oxides. 

The above two microgranisms were used in analysing the synthetic waste water to producing electric 

strength. 

 

 

 

 

 

 

͌ 
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4. Results and Discussion 
4.1 Characteristics of Synthetic Waste Water: 

Table: 4.1 Characteristics of synthetic wastewater 

S.NO PARAMETERS VALUE 

1. P
H 

4.1* 

2. Total Solids(mg/l) 1500 

3. Total Suspended Solids(mg/l) 210 

4. Total Dissolved Solids(mg/l) 1500 

5. Total Volatile Solids(mg/l) 700 

6. COD(mg/l) 6500 

7. BOD(mg/l) 3500 

8. Acidity CaCO3 (mg/l) 1200 

9. Temperature (℃) 34.5 

10. Total hardness (mg/l) 1484 

11. Electrical conductivity (μmho/cm) 3640 

12. Alkalinity (mg/l) 650 

 
4.2 Electricity Production Based on Geobacter Sulfurreducens 

Electricity produced in the microbial fuel cell was analysed by multimeter using the geobacter 

sulfurreducen. During this batch sugarcane waste water is used. 

 

Table 4.2: Values of electricity production in geobacter sulfurreducens 

S. No.  
Contact time 

(Hours) 
Current in µA P max (mW/m

2
) 

1 0 0 0 

2 10 0 0 

3 20 0 0 

4 30 0 0 

5 35 0 0 

10 51 0.20 0.950 

20 97 0.41 4.034 

30 125 0.85 21.528 

40 173 6.20 922.146 

50 215 14.00 4839.120 

60 255 23.24 13367.446 

61 256 23.25 13594.112 

62 268 23.30 14760.547 

63 269 23.40 14880.240 

64 270 23.60 14880.240 

65 275 23.80 14880.240 
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Figure: 4.1Effect of contact time in geobactersulfurreducens 

 
4.3 Electricity Production based on Geobacter Metallireducens 

Electricity produced in the microbial fuel cell was analysed by multimeter using the geobacter 

sulfurreducen. During this batch sugarcane waste water is used. 

 

Table 4.3: Values of electricity production in geobacter metallireducens 

S. No. 
Contact time 

(Hours) 
Current in µA P max (mW/m

2
) 

1 1 12 3456.0 

2 2 18.50 8214.365 

3 
3 23.40 13141.325 

4 4 26.40 16727.695 

5 5 26.40 16727.000 

10 
29 26.30 16600.00 

40 149 28.40 19357.400 

70 268 28.40 19357.400 

71 
269 28.40 19357.400 

72 270 28.40 19357.400 

73 314 26.00 16224.000 

80 
314 26.00 16224.000 

81 316 25.00 15000.000 
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82 317 24.40 14288.660 

83 
318 24.00 13824.000 

 

 
Figure: 4.2 Effect of contact time in geobactermetallireducens 

 
4.4 Performance of the ML-MFC for Cod Removal 

The ML–MFC was operated at influent COD concentration in the range of 50000–60000mg/l. After 

completion aerated and unaerated treatment of operation, when steady state condition for COD removal reached, 

the COD and BOD reductions were 81% and 85%, respectively. The observed COD removal efficiency was on 

the higher side of the maximum reported efficiency in the range of 80–90%. Further studiesare required to 

explore maximum volumetric loadingrate capacity for this ML–MFC.The COD removal percentage in anode 

chamber was47% and remaining COD was getting removed in thecathode chamber.  

Lower COD removal efficiency observed in this case could be attributed to the mixed culture used as 

inoculums. Further investigation would be necessary to enhance the COD removal in anode compartment and, 

hence, to increase current production. However, the overall efficiencies observed for COD and BOD removal 

demonstrated the ability of ML–MFC as an effective wastewater treatment process. 

 

Table 4.4 Removal efficiency of COD and electricity 

S. No. Wastewater Treatment COD reduction Columbic efficiency 

1 Geobactersulfurreducens 82% 50% 

2 Geobactermetallireducens 76% 45% 

 
Conclusion 

The microbial gas cell, inoculated with combined anaerobic sludge validated its effectiveness as 

a wastewater treatment manner along with strength manufacturing, without incorporating any high-

priced thing, together with membrane. The cod, bod elimination have been completed at various 

stages. Granulation of biomass changed into found within the anode compartment of the MFC. Most 

power density became discovered spacing among the electrodes and optimizing microorganisms. 

0

5000

10000

15000

20000

25000

1 2 3 4 5 29 149 268 269 270 314 314 316 317 318

P
O

W
ER

 C
O

N
SU

M
P

TI
O

N
 C

U
R

V
E

Times in Hours

Pmax  (mW/m2)



International Journal of Latest Research in Engineering and Technology (IJLRET) 

ISSN: 2454-5031  

www.ijlret.com || Volume 08 - Issue 04 || April 2022 || PP. 19-26 

www.ijlret.com                                                      26 | Page 

Similarly research would be necessary to optimize the electricity production from this two chambered 

MFC. With further upgrades and optimization, it may be viable to growth power generation. 

Additionally MFC as a non-stop reactor can also be used. Going in addition towards the condition to 

be maintained in the reactor, aerated situation produces greater electricity and its miles immediately. 

In case of unaerated chamber, the cutting-edge manufacturing is not on time via a while, because of 

incapability of the reactor to complete the response in each chamber. 6-8 weeks of sludge is usually 

recommended for reaction. As a result, the mixture of wastewater remedy at the side of power 

production might assist in compensating the value of waste water treatment. 
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