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Abstract 
Recently microbial fuel cells (MFCs) have been considered as an alternative 
power generation technique by utilizing organic wastes. In this study, an ex-
periment was carried out to generate bioelectricity from co-digestion of or-
ganic waste (kitchen waste) and sewage sludge as a waste management option 
using microbial fuel cell (MFC) in anaerobic process. A total of five samples 
with different sludge-waste ratio were used with zinc (Zn) and cupper (Cu) as 
cell electrodes for the test. The trends of voltage generation were different for 
each sample in cells such as 350 mV, 263 mV, 416 mV maximum voltage 
were measured from sample I, II and III respectively. It was observed that the 
MFC with sewage sludge showed the higher values (around 960 mV) of vol-
tages with time whereas 918 mV obtained with organic waste. Precisely com-
paring cases with varying the organic waste and sewage sludge ratio helps to 
find the best bioelectricity generation option. Using MFCs can be appeared as 
the solution of electricity scarcity along the world as an efficient and 
eco-friendly manner as well as organic solid waste and sewage sludge man-
agement. 
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1. Introduction 

The present world still is in serious power crisis and looking for resource recov-
ery from various used materials like organic wastes. About 17% of 1.3 billion 
people in the Asian country live without access of electricity. Figure 1 describes 
some Asian country where still without access of power. More than 67% people 
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of North Korea, Burma and Cambodia are mostly suffering due to in access of 
power supply. Consequently, power scarcity and sudden failure of electricity are 
very natural event that are creating difficulties for the inhabitants of the emerg-
ing countries, particularly at night time [1]. In this context, search of alternative 
power source like organic waste resource recovery is an important topic [2]. 

Rapid growing of urbanization and industrialization produces million tons of 
organic wastes every day threating the entire world in this century. Management 
of this huge amount of waste is concerning issues these days though there is no 
planned waste management system in developing countries in the Asian region. 
But Moqsud (2003) [3], Zurbrugg et al. (2005) [4] and Sajuddinn and Hoque 
(2008) [5] reported that, recycled compost of the organic part of wastes can be 
an effective power source. In addition, the organic waste comprises big amount 
of nutrients and other minerals.  

Nowadays resource recovery has become very important and very attractive 
because of the growing need for alternative power demand while the amount of 
non-renewable fuel is being consumed rapidly. Mostafa et al. (2011) [6] re-
ported, fuel cells (FC) technology can be used to produce electricity as renewable 
energy sources. Moqsud et al. (2013) [7] also investigated the use of microbial 
fuel cells (MFCs) to change microbial reducing energy into electrical energy. 
Microbial fuel cells produce electricity as well as anaerobic decomposition 
creates compost which is the well-known waste recycling process. There has 
been already some research work on microbial fuel cells to produce bioelectricity 
from light energy, organic waste and electro-catalysis in MFCs [7] [8] [9]. 

It is also a substitute process of generating electricity by using various type of 
waste (organic waste, industrial waste, sewage sludge etc.) for small scale use. 
Organic and chemical toxic wastes are processed by rapid microbial decomposi-
tion at relatively anaerobic digestion by which microorganisms break down bio-
degradable material in the absence of oxygen [10]. In the cell, the interaction of 
microorganisms with electrodes has been held using electrons, which flows 
through an electrical circuit. 

However, higher power generation options and electron transfer process 
which accelerates the microbial activities in MFCs through the blend of organic 
solid waste and sewage sludge. In this experiment, advantages of the anaerobic 
co-digestion process used as microorganisms consumes the substrate like organ-
ic wastes in an anaerobic condition they produce carbon di-oxide, protons and 
electrons as represents in a diagram (Figure 2) [11]. 

Organic waste and sewage sludge composite digested by the microorganisms 
when living on the composite and take it as nutrition, the composite breaking 
free with negative charge electrons (e-) which occupied by the anode plate and 
flow with a circuit to the cathode plate, which means it produces the electricity 
with the help of tiny microorganisms. 

Kannaiah et al. (2011) [12] express that the power generation increases at sub-
strate loading conditions and combined action of anaerobic fermentation and 
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electrochemical process evidenced the higher efficiency than conventional 
treatment process. Recently, it has been realized that anaerobic digestion as such 
became more stable when the variety of substrates applied at the same time is 
increased [13]. However, an anaerobic condition has been investigated mixing 
organic waste and sewage sludge for power generation. The main objectives of 
the study are to generate bioelectricity through the anaerobic co-digestion of or-
ganic solid wastes and sewage sludge using a one-chambered microbial fuel cell 
and to evaluate the best way of resource recovery and environment friendly so-
lution of organic solid wastes and sewage sludge management. 

 

 
Figure 1. Region in the Asia where still in no Electricity. (Source: Reprocessed from: 
https://www.washingtonpost.com/graphics/world/world-without-power/?noredirect=on). 
 

 
Figure 2. Electro genesis process from MFC in anaerobic condition. 
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2. Materials and Methods 
2.1. Experimental Materials and Laboratory Instruments 

The experiments were carried out in the Department of Disaster Resilience and 
Engineering (DRE) of Patuakhali Science and Technology University (PSTU), 
Bangladesh and the materials used in this study were prepared such as Zinc and 
Copper plate for electrode, connecting copper wire, vegetable wastes, mul-
ti-meter, resistors and other supporting equipment for test.  

The sewage sludge which used in this study was collected from sewerage drain 
of PSTU (22.4661˚N and 90.3824˚E). A 120 Ω LED light was used in this re-
search as load resistor to get potential difference in volts (V) unit. To measure 
potential difference directly in voltage unit, a SENIT-VC890D + model multi-
meter was used as this device can measure direct current up to micrometer range 
digitally. The advantages of using zinc and copper plate as electrode were suffi-
cient sites for the electron transfer reaction and their suitability for good pro-
duction with simplicity.  

2.2. Assembly of One-Chambered MFC 

In this experiment, MFCs were applied to generate power as voltage unit from 
the co-digestion of organic waste (kitchen waste) and sewage sludge over a testing 
duration 60 day. Figure 3 illustrates the schematic diagram of one-chambered 
MFC used in this study. 20-liter plastic bucket (476 gm) with diameter of 30 cm 
and total height of 40 cm (8 cm freeboard) used as an MFC container in the DRE 
laboratory at PSTU campus. Then, different ratio of organic waste and sewage 
sludge were added to the plastic container (MFC) and vigorous stirring were 
done for complete mixing. The moisture content of both organic waste and se-
wage sludge were determined by gravimetric procedure of weighing the samples 
before and after the water was removed. 20 cm × 5 cm × 0.1 cm size zinc (Zn) 
and copper (Cu) plates were used as anode (−) and cathode (+) respectively. 
Both electrodes were placed vertically 18cm downward from the top surface of 
the compost mix. With a single copper wire, a connection was made in series to 
anode and cathode with a fixed external capacitor and LED bulb as load resis-
tance (120 Ω) for the electricity being produced which measured by using mul-
ti-meter in daily basis. The anaerobic conditions were assured by covered the 
MFC container and sealed it with M-seal glue. In this experiment, no proton 
exchange membrane was used as mediator to observe electron flow directly. To 
ensure the power generation variety in this study, the experiments were con-
ducted with pure samples and mixed samples. In the compartment of MFC de-
vice, the generalized chemical reaction for the anaerobic decomposition of or-
ganic waste and sewage sludge can be written as:  

2 4

2

Organic Matter  H O Biodegradable Organic Matter  CH
 CO  Other gases

+ → +
+ +      (1) 

When the microbial activity has begun by the breakdown of organic matter, it 
sets the electrons free which produces electricity. The laboratory investigations  
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Figure 3. The schematic diagram of the MFC used in this study. 
 
were conducted in room temperature varying in range 27˚C to 31˚C, reported 
humidity was 73% - 75%.  

Power generation in an MFC was affected by many significant parameters in-
cluding bioreactor system configuration, type of microorganisms, organic sub-
strates or biomass fuel categories, concentration, ionic strength, pH and temper-
ature etc. The operation of the microbial fuel cell was monitored in a same time 
of the day and listed the voltage output in a voltage generation chart. Total three 
repetitions of each treatment were made, and finally average values of voltage 
generation were reported. 

2.3. Experimental Samples of the MFCs 

To fulfil the objectives, two types of the MFCs samples were prepared to investi-
gate the generated voltage variation using different amount of waste and sludge 
ratio at the same volume. Quanguo et al. (2016) [14] reported that the conver-
sion of chemical energy in influent substances to electricity via biological degra-
dation can be done by using MFC as there are many microorganisms in the se-
wage sludge. So, it was considered that more voltage generation can be done by 
mixing sewage sludge with organic waste in an anaerobic co-digestion. Moreo-
ver, the mixed sewage sludge and some of organic waste in this experiment as 
they are thought to increase the physical volume of samples properties and it in-
creases the nutrient supply ability for microorganism [2]. The type and number 
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of microorganisms which survive are different by region in the distribution of 
the sewage sludge mass. The mixture of organic constituents in the waste and 
microorganisms in the sewage sludge are expected to generate the higher values 
of voltage output. The cells were prepared as the same way described in Figure 1 
except the ratios of organic waste and sewage sludge. Table 1 is representing 
both pure samples and mixed samples parameter conditions used in this study. 
Sample I, II and III represent the mixed samples with different sludge/waste ra-
tio whereas sample IV and V represent pure samples. 10 kg of kitchen waste and 
10 kg of sewage sludge were taken as both pure sample IV and Sample V respec-
tively. The moisture contents and pH of kitchen wastes and sewage sludge were 
tested in the laboratory as presented in Table 1 as these two properties affect 
much on the production of electricity and microbial activity as well. 

2.4. Monitoring and Data Measurement 

It is generally well known that MFC is the direct current (DC) source and in this 
experiment the value of potential difference (voltage) between anode and ca-
thode was measured. Monitoring of the cells was completed on daily at 11:00 am 
and the readings of the voltage outputs recorded in a voltage generation chart. 
Multi-meter was used to measure the readings of voltage generation which 
represented by volts (V). This process of data acquisition continued until the 
lowest voltage reading by the MFC. The values of voltage generated have shown 
are the average of three consequent tests with same parameter conditions. 

Power output of the MFC cell was calculated in volts (V) against time (t). Us-
ing Ohm’s law, the current density I in amperes (A) unit was calculated 

I V R=                             (2) 

where V is the measured potential difference in volts (V) and R is the known 
value of the fixed load resistor in Ohms (120 Ω LED light used in this study). 
Now, it was possible to find the power output P in watts (W) of the MFCs by 
taking the multiplication of the voltage output and current densities i.e.  

P I V= ×                            (3) 

Generally, the anode and cathode area are taken as the electrode area. In this 
experiment, both electrodes have selected as rectangular in size so that the total 
area can be calculated by multiplication of length and width.  

3. Results and Discussion 
3.1. Bioelectricity from Mixed Samples 

Figure 4 illustrates the variation of voltage output with duration by using or-
ganic solid waste and sewage sludge in MFCs. In case of the mixed sample I, 
voltage (V) were not increased sharply during the initial time (6 days); after that, 
it has increased gradually and peaked after 27 days. It has happened because of 
initial time; the bacteria take time to grow and degrade the mixture of sewage 
sludge and organic waste and at that time owing to the presence of air inside the 
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sample materials. In the meantime, the microorganisms got ample food and 
their activities increased and for the prevalence of anaerobic conditions the vol-
tage output of the sample increases very rapidly [2]. At 28th day, the voltages 
were started to decrease gradually with time as the supply of food was used up by 
the bacteria. Peak voltage of this sample was around 350 mV using the ratio 1:2 
of sewage sludge and organic waste in anaerobic condition with the total weight 
of the mixture 10 kg. This voltage reading was taken until it stopped showing a 
better output. Over 60 days reading of voltages were taken and on 60th day this 
sample shows around voltage rate 111 mV. 

The mixed sample II was kept 4 days aside to start over the activities of the 
microorganisms to degrade the organic wastes and sewage sludge. The voltage 
was increased sharply within the second day of the operation of the microbial 
fuel cell. It increased gradually and peaked after 21 days of 263 mV which has 
been showed with the doted-triangle line. 
 
Table 1. Parameter conditions of the samples. 

Sample 
No. 

Total weight 
(kg) 

Ratio 
(Sludge/Waste) 

Sludge 
(kg) 

Waste 
(kg) 

Moisture Content (%) 
pH 

Sludge Waste 

I 10 1:2 3.34 6.66 

57.0 40.0 

6.23 

II 10 2:1 6.66 3.34 6.76 

III 10 1:1 5.0 5.0 6.51 

IV 10 Only OWa - 10.0 6.01 

V 10 Only SSb 10.0 - 7.13 

aOW: Organic waste, bSS: Sewage sludge. 

 

 
Figure 4. Variation of Voltage Output with time in MFC using mixed samples. 
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The upraising of voltage generation was relatively lower than other sample 
cells, but the generation rate was more stable to apply it in actual usage. The 
voltage decreased gradually with time as the supply of organic waste and sewage 
sludge were degraded and used by the microbes. In anaerobic condition with the 
total weight of the sample mixture 10 kg, at its 60th day, the final output of vol-
tage was 178 mV. This voltage variation reading was taken over 60 days until it 
stopped showing a minimum output of voltage. However, the voltage did not 
increase more after the 21th day because of the bacterial activity decreased for 
the shortage of food.  

The sample III produces a fair amount of voltage yield though the total 
amount of waste is less than any other samples. In this cell also, the voltage gen-
eration were increased sharply within the second day of the operation of the mi-
crobial fuel cell. It increased gradually and peaked after 13th days. The voltage 
decreased gradually with time as the supply of organic waste and sewage sludge 
were degraded and used by the microbes. Peak voltage was around 416 mV us-
ing the ratio 1:1 of sewage sludge and organic waste in anaerobic condition and 
the total weight of the mixture was same as sample I and sample II. This voltage 
variation reading was taken until it stopped showing a minimum of output of 
voltage. However, voltage did not increase after the 53th day because of the bac-
terial activity was decreased for the shortage of food. 

3.2. Bioelectricity from Pure Samples  

In sample IV, the experiment was conducted only with the organic solid wastes 
to observe the variation of voltage generation than other MFCs with the time 
which is shown in Figure 5. Organic waste sample had moisture content of 40% 
with no admixture of sewage sludge. Only a total of 10 kg organic waste used to 
ensure the volume equivalent level of the designed MFC with this sample. For 
sample IV, the peak voltage was measured 918 mV at only 2nd day of MFC’s 
operation. This cell observation continued for 60 days and the final voltage 
gained of 243 mV. Strick et al. (2008) have found maximum voltage output 
around 250 mV using plant microbial fuel cells (PMFCs) with Glyceria maxima. 
On the other hand, Khare and Bundela (2014) [15] reported 350 mV voltage us-
ing waste water from food industries. In contrast with above two results, the 
maximum voltage generation was recorded from in this study using only kitchen 
wastes in a one-chamber MFC. 

In Figure 5, sample V contained pure sewage sludge to observe the variation 
of voltage generation with the time. 10 kg of sewage sludge were used, and the 
highest moisture content prevailed of 57%. From the second day, the voltage 
generation was high; but within the time, the voltage output decreased gradually 
like sample IV. Jati (2001) [16] and Hamzah (1983) [17] reported due to the 
presence of nutrients sewage sludge which supports the growth of microorgan-
isms and accelerate the electricity production in very short time. But it lowered 
from 794 mV to 625 mV (2 - 7 days). For sharp lowering of the voltages, made 
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the sustainability of the electricity generation disrupted in first week but within 
second week there’s observed a stable output of voltage. This sample showed 
much higher values of voltage generation compared with the other four samples. 
This way shows us an effective solution to manage the vast nutrient rich sewage 
sludge from the commercial and industrial areas and convert it constantly 
something beneficial to the human kind. In addition, the use of these sewage 
sludge helps from the drainage problems in urban areas also. However, using 
only the sewage sludge and the peak voltage gained 960 mV at the 13th day from 
the microbial fuel cell. The final voltage of this cell was also plentiful which pre-
sented 590 mV voltage output at 60th day. The microorganism’s activity with 
sewage sludge will produce a high voltage for long term.  

3.3. Relationship between Voltage Output and Current Density 

Always there is definite relationship between voltage output and current density. 
Figure 6 represents the relationship between voltage generation current in the 
MFCs at the 2nd week of operation. It shows that the relationship is almost li-
near. This linear curve indicates how stable the MFCs continue voltage genera-
tion as a function of current production with time [18] and the relationship 
stated that a stable voltage generation. The electromotive force of sample IV and 
sample V were 707 mV and 960 mV respectively. In contrast, the maximum 
power output of sample I, sample II and sample III were 298 mV, 260 mV and 
416 mV. These values indicate that mixed samples voltage production rate was 
initially low whereas the rate for pure samples was high at initial stage. 

3.4. Effect of Mixing Ratio on Voltage Generation 

Sewage sludge and organic wastes were mixed with a ratio of the same volume to 
produce bioelectricity in a one chambered microbial fuel cell (MFC) under 
anaerobic condition. Table 2 clearly stated that sample V containing only sludge 
material shows the highest voltage at every day’s voltage measurement. It means 
sewage sludge has the potential for bioelectricity production as a resource re-
covery option. Green energy production is presented as one of the ways of fulfil-
ling alternative fuel demands of the future and to overcome the global energy 
crisis [18]. Similarly, sample IV had a sustaining voltage from 1st week to 6th 
week after sample V. And other samples voltage generation was low and stable. 
From the sample I, II and III, it shows that co-digestion of organic waste and 
sewage sludge produce less amount of voltage and more production days re-
quired for microbial activity. 

3.5. Effect of Anaerobic Co-Digestion  

In this study authors investigate anaerobic co-digestion of organic waste and 
sewage sludge in MFCs as a potential source of bio-electricity and found signifi-
cant amount voltage output. Moqsud et al. (2013) [18] reported MFCs under 
anaerobic condition of organic waste can generate electricity and they found 
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Figure 5. Variation of Voltage Output with time in MFC using pure samples. 

 

 
Figure 6. Relationship between voltage output and current density in the MFCs at 
2nd week. 

 
Table 2. Comparison of voltage generation rate. 

Sample No. 
Ratio 

(Sludge/Waste) 
Initial voltage 

(mV) at 2nd day 
Peak voltage 

(mV) 
Peak voltage 

duration (day) 
Final voltage 

(mV) at 60 days 

I 1:2 2 350 27 111 

II 2:1 218 263 21 178 

III 1:1 346 416 13 153 

IV Only OWa 918 918 2 243 

V Only SSb 794 960 13 590 

aOW: Organic waste, bSS: Sewage sludge. 
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around voltage 350 mV. However, in this work, using kitchen waste and sewage 
sludge in an anaerobic co-digestion cell found peak voltage 416 mV for mixed 
sample and 960 mV for pure sample. In the decomposition process, some gases 
were produced but it was not recorded due to lack of measuring instrument. 

4. Conclusions 

A one-chambered MFC using organic solid waste and sewage sludge can operate 
in anaerobic conditions and generate voltage to produce electricity were investi-
gated in this research work.  
• The experiment results show as organic waste and sewage sludge have a great 

potentiality to produce bioelectricity as for sample I, II and III the potential 
difference (voltage) peaked of 350 mV, 263 mV and 416 mV respectively. On 
the other hand, sample IV covering only organic waste generated voltage 918 
mV but the MFC with only sewage sludge showed peak 960 mV which shows 
a high voltage rate than other cells over the same digestion period.  

• Considering the availability any of the mixing ratio in anaerobic co-digestion, 
would be enough to generate electricity for small scale use. Two burning 
problems of modern world, energy depletion and waste management would 
be solved with this resource recovery option and replace the fossil fuels with 
safe and green energy. The slurry from the microbial fuel cell, can be used as 
the soil nutrient beneficial for stable organic matter to soil, increase soil 
structure, water infiltration and better yield from agricultural land. 

The organic waste and sewage sludge can be utilized as a power generation 
source as well as compost production for using as an alternative soil conditioner. 
In this work, no additional micro-organism was used, but to achieve better mi-
crobial activity for longer run of the cell more artificial bacteria would be sup-
plied. As the voltage generation is smaller even it can fulfill very few demands of 
millions of people who have no electricity supply. 
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