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1. INTRODUCTION: 
The idea of waste to energy is the current research focus of scholars. Over the years energy has been a 

developmental key to human society used by man in controlling and adapting to the environment, though majorly 

cultivated from the conventional sources. This practically have a wide range of negative impacts on the environment 

and on public health of the habitations. These ubiquitous and long-standing challenges could undoubtedly become 

huge global threats to human existence if not addressed urgently.Therefore, in contemporary society, the need to move 

out of the conventional source of energy to a more innovative and environmentally friendly energy generating means 

is receiving serious attention. The importance of clean sources of energy cannot be over emphasized. Hence the study 

of evaluating energy generated from human faeces is in line with the current research frame-work. 

It is established in a reviewed literature that human faeces is a potential renewable energy source and the potential 

energy value from this process needs much attention and its benefits will contribute to energy demand of the society 

(Lambok, 2015). A supportive research unveils the production of biogas from human excreta and other sources such 

as animal dung, agricultural waste, etc. The energy conversion from this source is capable of controlling the 

unmanaged human excreta disposal system which is beneficial in environmental management (Dain et al., 2015). The 

generation of energy through this technology reduces drastically environmental pollution and most importantly 

decreases greenhouse gas effect caused by the waste. Conversely, the utilization of human excreta as energy source is 

advantageous because it does not require additional starter like microorganisms, thus the supply of microorganisms 

occurs continuously during the feeding of raw materials in the process. This directly supports the sustainability of the 

production of biogas (Dain et al., 2015). Biogas is generated through anaerobic digestion resulting from bacteria 

breakdown of faecal matter and any other organic material. It is approximately 60% methane by volume and has an 

average thermal value of 25MJ per m
3
(Cao and Shengdao, 2011).  

Report from scholars indicates that out of the world’s population of 7-billion, 14-million tonnes of faeces are 

produced by people every day where 25% of this production is capable of generating roughly 40000MW of 

power(Onojo et al., 2013). Perhaps the enhancement of this production is as a result of large concentration of 

pathogenic viruses, bacteria, cysts of protozoa and eggs of helminths as contained in the human faeces (Richard et al., 

1983).Through scientific research it is revealed that the composition of bacteria in human faeces is liable to generate 

electric current using microbial fuel cells (MFC) technology(Liu, et al., 2004, Min and Logan, 2004). This new 

technology can also be used for wastewater treatment. Study reveals that bacteria in some conventional sewage 

treatment systems use enzymes to oxidise the organic matter. In this process, electrons - carriers of electricity are 

released. Normally, the electrons power the respiratory reactions of the bacteria's cells, and eventually combine with 

oxygen molecules (Lau et al., 2017). 

However, the MFC technology allows microorganisms from human faeces to serve as biocatalyst to convert the 

chemical energy stored in organic compounds directly to an electrical energy (Deepak et al., 2010). Meanwhile, it 

hasanaerobic and aerobic chambers that are separated by a membrane. According to study, feasted bacteria from 
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human faeces in anaerobic anodic chamber oxidize substrate and cluster around the anodes and break down the 

organic waste as it is pumped in, releasing electrons and protons (Duduyemi et al., 2015). Thus, with no oxygen to 

help wash up the electrons, the bacteria's enzymes transfer them to the anodes, while the protons migrate to the central 

cathode. Consequently, molecules on the proton exchange membrane (PEM) encourage the protons to permeate 

through the cathode. Hence, their combination with oxygen from the air and electrons from the anodes will eventually 

produce water. Obviously, the migration of electrons will create potential difference between the two chambers. 

Therefore, in this current study of waste to wealth, evaluation of energy from human faeces is carried out aimed at 

harnessing all possible sourcesof energy devoid of any component capable of deteriorating the environment. Thus, the 

study of cultivating or harnessing energy from septic tanks could substitute the continuous dependence on fossil fuels 

and create energy sustainability.  

 

2. SETUP OF EXPERIMENTATION: 
Wastewater sample of human faeces which is the key focus of the study is collected from hostels A – H septic 

tanks of the main campus of Niger Delta University, Wilberforce Island of Bayelsa State in Nigeria. Collected sample 

of waste water is stored at 4°C as shown in figure 1, to maintain bacteria growth temperature. Experiment is 

conducted using bacteria isolates from sewage water which is in form of broth culture. Hence, sample is allowed to 

sediment after 24 hours and residuals were serially diluted with saline water of 0.9% w/v NaCl up to 5 – 10 dilutions.  

 
 

Figure 1:  Sewage Sludge from hostel septic tank 

 

At each dilution of 0.1mlwere spread 10g of tryptone, 10g ofNaCl, 20g of  Agarand 5g of yeast extraction into 

250 ml distilled water on lysogeny broth (LB) and they were incubated for 24-hours at 30˚C.Morphologically distinct 

bacterial colonies were purified and further inoculated in LB and kept at different temperatures and pH in an orbital 

shaker to study the growth pattern of these micro-organisms by measuring absorption at 660-nanometre against the 

blank sterile LB.Thus, the bacteria isolation was further inoculated in waste water samples in an incubator as shown in 

figure 2 and then their growth parameters were recorded. The best surviving bacterial strains were used further in 

constructed fuel cells as shown in figure 3 to test the electrical potential across the circuit.  

Bacterial growth optimization at different temperatures and pH were carried out and thus isolations were 

considered for seven (7) days with temperatures 27, 30, 37, 55°C and pH 4, 5, 9 and 11. It was observed that most 

isolates were able to grow at 27°C and pH 5 but absolutely well at 37°C with pH 9 though with weak or poor growth 

at temperature of 55°C and pH of 11. The basic design of figure 3 is of two distinguished or distinct compartments, 

the aerobic and anaerobic chambers. The anaerobic chamber is of a glass conical flask sealed with a punch rubber cork 

which carries the substrates of growth. 

 
Figure 2:  Isolations and growth of bacteria in an incubator 
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Figure 3: ConstructedMicrobial Fuel Setup 

 

In it is placed a magnetic stirrer to maintain agitation in the sample to assure homogeneity and proper mixing of 

reactor feed andalso to prevent settling of the medium in the bottle.The magnetic stirrer is used to facilitate optimum 

agitation in the substrate.Extreme care is necessary while setting the speed for the magnetic stirrer to avoid upsetting 

the electrode setup in the chamber. This setup is left undisturbed but with continuous monitoring for over 24 hours. 

Meanwhile the aerobic chamber is kept uncovered to allow some technical operations. This operates as the salt-bridge 

supplied with the necessary entities in optimum concentrations of about 2-5% of agar heated with 1M KCl. Carbon 

electrodes shown in figure 4 is inserted in the aerobic chamber and it is used as the cathode with a similar carbon 

electrode fitted via the punched cork into the anaerobic chamber which functions as the anode. However, a multimeter 

is connected to check and measure the electrical potentials generated across the circuit after noticing slight deflection 

on the setup of the cells. 

 
Figure 4: Carbon Electrodes 

 

3. RESULTS PRESENTATION: 
The identification and classification of bacteria isolates with the aid of 16S ribosomal RNA sequences has been 

used and widely reported in other works(Khadija et al., 2016, Michael and Sharon, 2007, Woo et-al., 2008)and its 

effectiveness is proven beyond doubt. The current study is established on this procedure and identification of isolates 

by 16S rRNA was performed. The obtained sequence was trimmed, chimera removed and was blasted. The bacteria 

species were identified on the basis of maximum similarity with known genera and then the sequences were submitted 

to Genbank and accession numbers were obtained. Table 1 is a presentation of results based on the physiological 

characteristics and 16S rRNA gene sequencing identification of bacterial isolates obtained from waste water samples.  

 

Table 1: Identification of Isolates and Classification 

Sequences  
Strain 

ID  
Identification  

Gram 

staining  
Respiration 

Accession 

numbers  

seq1  Z1  Chromobacteriumsp. 1  
Gram 

negative  

Facultative 

anaerobic  
KT347176  

seq2  Z2  Amantichitinumursilacus 
Gram 

negative  

Facultative 

anaerobic  
KT347177  

seq3  Z3  Chromobacteriumsp 
Gram 

negative  

Facultative 

anaerobic  
KT347178  

seq4  Z4  Bacillus licheniformis 
Gram 

positive  

Facultative 

anaerobic  
KT347179  

seq5  Z5  Enterobactersp 
Gram 

negative  

Facultative 

anaerobic  
KT347180  

seq6  Z6  Unidentified bacteria  Gram Facultative NOT 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Janda%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17626177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbott%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=17626177
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negative  anaerobic  identified  

seq7  Z7  Escherichia coli  
Gram 

negative  

Facultative 

anaerobic  
KT347181  

seq8  Z8  Citrobactersp.  
Gram 

negative  

Facultative 

anaerobic  
KT347182  

 

The collation of data was based on the MFC operation for 6-days at an interval of 2-hrs between 8.00hrs – 

18.00hrs per day using human faeces wastewater mixed with amino acetate (food for bacteria) to grow the substrate in 

anode compartment and distilled water in the cathode compartment as explained earlier. The measurement of DC 

voltage and current was conducted with the appropriate instrumentation and the following results were obtained as 

depicted in tables 2 and 3 respectively, while table 4 is the presentation of results showing power and power density 

deduced from the research study. 

 

 Table 2: Voltage Generation for 6-days 

Days  
Voltage (v) 

Day - 1 Day – 2 Day - 3 Day - 4 Day - 5 Day – 6 

8.00hrs 0.468 0.520 0.620 0.685 0.850 0.870 

10.00hrs 0.475 0.525 0.632 0.793 0.856 0.745 

12.00hrs 0.488 0.560 0.650 0.815 0.860 0.710 

14.00hrs 0.494 0.575 0.665 0.820 0.868 0.650 

16.00hrs 0.498 0.600 0.672 0.835 0.872 0.620 

18.00hrs 0.505 0.607 0.680 0.842 0.878 0.612 

Average 0.586 0.677 0.784 0.958 1.037 0.841 

 

Table 3: Experimentation of Current for 6-days 

Days  
Current (𝛍A) 

Day - 1 Day – 2 Day - 3 Day - 4 Day - 5 Day – 6 

8.00hrs 0.0052 0.0092 0.0115 0.0137 0.0150 0.0160 

10.00hrs 0.0061 0.0097 0.0118 0.0139 0.0152 0.0153 

12.00hrs 0.0074 0.0099 0.0120 0.0141 0.0155 0.0150 

14.00hrs 0.0078 0.0100 0.0122 0.0144 0.0157 0.0147 

16.00hrs 0.0083 0.0105 0.0129 0.0146 0.0158 0.0145 

18.00hrs 0.0090 0.0110 0.0132 0.0149 0.0160 0.0140 

Average 0.009 0.012 0.015 0.017 0.019 0.018 

 

Table 4: Results for Power and Power Density for 6-days 

Days 
Average Voltage 

(V) 

Average Current 

(𝛍A) 

Power 

(𝛍W) 

Power Density 

(μW/m2
) 

1 0.586 0.009 0.5890 0.0074 

2 0.677 0.012 0.6890 0.0086 

3 0.784 0.015 0.7990 0.0100 

4 0.958 0.017 0.9750 0.0122 

5 1.037 0.019 1.0560 0.0132 

6 0.841 0.018 0.8590 0.0107 

 

4. DISCUSSION OF RESULTS: 
The graphical results presented in figures 5 – 8 show the trend of voltage and current generation which yields 

power from human faeces as conducted in the research experimentation.It is evident that, the voltage generated from 

day-1 to day-5 in figure 5 precisely indicates a rapid increase of voltage from 0.468V to 0.878Vexcept the sudden 

negative change experienced at day-6 which declined to 0.612V. The voltage measured was open circuit voltage since 

the external resistance is not used. Hence the voltage generated was due to internal impedance which appeared to be 

very high in the range of mega ohms.Similarly in figure 6, the total current observed at the first five days is between 

0.0052 – 0.016μA. However, a setback is witnessed at day-6 of the experimental test with significant reduction of 

0.014μA. Current was determined by measuring the voltage (V) across thesalt-bridge as illustrated in figure 3 between 

the two carbon electrodes using a multimeter. The determination of power (P = VI) and power density (PDen = 

VI/A)was calculated from the measured voltage (V), current (I ) (V/R), and the surface area of the anode electrode 

(A)as presented on table 4 is used to plot figures 7 and 8 respectively.  
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Figure 5: A graph plot for voltage against time 

 
Figure 6: Plot of current versus time frame generation 

 

 
Figure 7: Graph plot for average voltage and power generation 

 

 
Figure 8: Graph plot for current and power density 

 

Results show that both power and power density increases with time of the experiment by 0.589 – 1.056μW and 

0.0074 – 0.0132μW/m2 
respectively. However, the sharp deviation on both figures is as a result of decrease in the 

generated power and power density from its climax to 0.859μW and 0.0107μW/m2
. Meanwhile, the possibility for the 

production of electric energy under the condition of microbial fuel setup construction as revealed in reviewed 
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literatures could only be understood with an extensive knowledge of the characteristics of the bacteria that generate 

electricity inMFCs. 

Conversely, that perception might not all be true because in the experimental setup oxygen is diffused into the 

anodal chamber even though there is a cork on it. This movement is made possible via the aerobic chamber of the 

constructed salt-bridge as seen in figure 3. According to (Ajoko and Kilakime, 2014), an electrochemical hydrogen-

oxygen fuel cell which uses fuel value of hydrogen has the capability of converting the chemical energy involved in 

the process into electrical energy. This was ascertain as they successfully built and conducted a laboratory based 

hydrogen-oxygen fuel cell test rig and generated electric power of 13.44W.It is worthy of note therefore, that the 

production of electricity by bacteria attached directly on the electrode may have no concern with the presence of 

oxygen concentration in the setup.  

 

5. CONCLUSION: 
The conducted experimentation for the conversion of human faeces to usable energy was successful and justifiable 

due to the following reasons:- 

 Test results confirmed that human excreta waste suchas faeces and urine feasted by bacteria is capable of 

generating voltage and current. 

 Experimental data validates and confirmed that human faeces waste could be considered as alternative source 

of renewable energy. 

 Results for power and power density were extremely low by observation but could be increased by setting 

bigger test rig and also the close spacing of the carbon electrodes in the experiment would help increase the 

generation of energy. 

Therefore, the study of the experimental procedure of converting human faeces to energywas feasible. Improving 

on the methodology used for the research study could enhance energy sustainability and reduce the continuous 

dependence on fossil fuel and hence the environmental hazards caused by these conventional systems. 

 

REFERENCES : 
1. Ajoko, T.J., and Kilakime, T. A, (2014). Generation of Power through Hydrogen – Oxygen Fuel Cells. Research 

Inventy: International Journal of Engineering and Science, 4(10), 56-62. 

2. Cao, Y., and Shengdao, S, (2011), Sustainable approach to energy recovery from sewage sludge. International 

Conference on Environmental Engineering and Applications, IPCBEE, IACSIT Press, Singapore, 57-63 (17).  

3. Deepak, P., Gilbert, V. B., Ludo, D., and Karolien, V., (2010):A review of the substrates used in microbial fuel cells 

(MFCs) for sustainable energy production, 101(6), 1533-1543. 

4. Dian, A., Arini, W., Aep, S., and Budi, P, (2015), A review of recycling of human excreta to energy through biogas 

generation: Indonesia case. Energy Procedia68, International Conference on Sustainable Energy Engineering and 

Application, (ICSEEA), 219 – 225. 

5. Duduyemi O., Shoewu, O.O., Yussouff,  A. A., and Hunyibo,  R., (2015)Evaluation of Electricity Generation from 

Animal Based Wastes in a Microbial Fuel Cell. International Journal of Scientific & Technology Research, 4(4), 85 

– 90. 

6. Khadija, A., Ahmad, Z., Ghulam, R., and Muhammad, S. M., (2016). Isolation and identification by 16S rRNA 

sequence analysis of plant growth-promoting azospirilla from the rhizosphere of wheat. Braz J Microbiol., 47(3), 

542–550 

7. Lambok,P. S., (2015):Potential Human Sewage Into Renewable Energy And Organic Fertilizer Plants In 

Society.International Journal of Science and Technology,1(1), 169-181. 

8. Lau, M.P., Hupfer, M., and Grossart, H.P (2017). Reduction-oxidation cycles of organic matter increase bacterial 

activity in the pelagic oxycline.Environ Microbiol Rep., 9(3):257-267. 

9. Liu, H., Ramanathan. R., and  Logan, B. E, (2004): Production of Electricity during Wastewater Treatment Using a 

Single Chamber Microbial Fuel Cell, Environ. Sci. Technol.,38 (7), 2281–2285.  

10. Michael, J.J., and Sharon, L. A., (2007). 16S rRNA Gene Sequencing for Bacterial Identification in the Diagnostic 

Laboratory: Pluses, Perils, and Pitfalls. J ClinMicrobiol, 45(9), 2761–2764 

11. Min, B., and Logan, B., (2004): Continuous Electricity Generation from Domestic Wastewater and Organic 

Substrates in a Flat PlateMicrobial Fuel Cell, Environ. Sci. Technol., 38, 5809 – 5814.  

12. Onojo, O.J., Chukwudebe, G.A., Okafor, E.N.C., Ononiwu, G.C., Chukwuchekwa, N., Opara, R. O., Dike, D. O, 

(2013): Estimation Of The Electric Power Potential Of Human Waste Using Students Hostel Soak-Away Pits. 

American Journal of Engineering Research (AJER) 2(9), 198-203. 

13. Richard, G. F., David J. B., Hemda G., and Duncan M, (1983). Sanitation and Disease Health Aspects of Excreta 

andWastewater Management, Characteristics of Excreta and Sewage (pp. 6-12). New York: John Wiley & Sons 

14. Woo, P.C.Y., Lau, S.K.P., ,Teng, J.L.L., Tse, H., and Yuen, K.Y., (2008). Then and now: use of 16S rDNA gene 

sequencing for bacterial identification and discovery of novel bacteria in clinical microbiology laboratories. Clinical 

Microbiology and Infection – Elsevier, 14(10), 908-934.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayyaz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27133558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaheer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27133558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasul%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27133558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirza%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27133558
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4927691/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4927691/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4927691/
https://www.ncbi.nlm.nih.gov/pubmed/28217926
http://pubs.acs.org/author/Liu%2C+Hong
http://pubs.acs.org/author/Logan%2C+Bruce+E
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janda%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17626177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbott%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=17626177
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2045242/

