
 

 

 

Abstract—Microbial Fuel Cells (MFCs) have emerged as a 

promising solution for alternative, carbon neutral energy generation. 

Their versatility enables the beneficiation of waste materials to 

produce renewable electricity directly from a degradable substrate. 

This study focused on the degradation of sweet sorghum bagasse and 

crude glycerol as substrates to produce electricity and biogas 

simultaneously. Various pre-treatment methods were investigated to 

liberate the lower molecular compounds from the complex structure 

of the biomass. Low and high temperature pre-treatments with acetic 

acid were investigated as well as high temperature alkaline pre-

treatment with sodium hydroxide.Both the high temperature pre-

treatments proved effective, yielding peak voltages over the 900Ω 

resistor of 22.3 mV for the acid and 26.9 mV for the alkaline. 

Qualitative gas analysis on the pre-treated MFCs showed the high 

temperature acid pre-treatment to be most effective for the production 

of combustible gas in the anode compartment. Low concentration 

glycerol tests showed stable electricity generation for all loads tested, 

with the highest power generation by the MFC loaded with 0.5ml 

glycerol, producing a peak voltage of 49.1mV. Qualitative gas 

analysis showed methane produced in all of the MFCs, with the 

highest CH4 concentration observed in the MFC loaded with 20mL 

biomass only. Further tests with higher glycerol loading revealed that 

at 5ml glycerol loading, almost no methane was observed. All tests 

showed stable electricity generation.  
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I. INTRODUCTION 

LOBAL energy demands continue to increase, while 

energy resources are rapidly depleting. The world is 

heading towards an imminent energy crisis. Fossil fuels 

remain the major source of global energy, accounting for over 

80% of the primary energy consumption. Predictions indicate 

increases in fossil fuel consumption in the near future with a 

decline in production from 2025[1].Uncontrollable rising of 

CO2 levels in the atmosphere provoke changes to the global 

climate, therefore the desperate need for alternative, carbon 

neutral energy sources is ever arising.  
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Alternative energy sources contribute merely 8% to the 

global energy demand; these include solar, wind, geothermal, 

biomass and hydro electrical energy. Biofuels have gained 

popularity in recent years as alternative fuels; however the 

crops needed to produce certain biofuels give rise to many 

ethical issues regarding food supplies and limit their 

production [2].The luxury of significant coal reserves 

contained within South Africa has caused a severe dependence 

on coal combustion for energy generation. Coal is cheaply 

mined and converted to electricity in South Africa, but the 

combustion of coal generates excessive carbon emissions 

contributing to global climate change. As of 2008, coal was 

the source of about 82% of South Africa's electricity 

generation [3]. Almost all of the electricity (around 95%) 

generated in South Africa is supplied by Eskom, a state-owned 

enterprise. South Africa's energy demands continue to increase 

while energy generation facilities struggle to meet the energy 

requirements. The severe pressure on electricity suppliers 

resulted in nation-wide shortages in 2008 caused largely by 

inadequate investment in additional supplies [3]. MFCs have 

recently emerged as a promising way to generate renewable 

electricity directly from a degradable substrate [4]. The 

presence of methanogenic communities in the anode 

compartment indicates that methane should be produced if the 

right conditions are ensured [5]. Sweet sorghum has emerged 

as an ideal crop for the generation of biomass to utilise in 

various bio energy processes. In addition to the sugars 

obtained from the grain and stalk, the lignocellulosic biomass 

(bagasse) obtained after processing can be utilised in various 

bio energy processes such as bio-ethanol production and 

MFCs [6]. The biodiesel industry has seen a significant 

increase in production of late, however this has resulted in 

overproduction of crude glycerol as by-product and as a result, 

the need for beneficiation of crude glycerol is ever growing [7; 

8]. The use of glycerol to assist in the production of biogas has 

been investigated and shows the co-digestion of sewage 

sludge with crude glycerol improved yields of biogas when 

used at moderate concentrations[9].  

This study is focused on electricity and gas production in 

MFCs using sweet sorghum bagasse and crude glycerol as 

substrates. 

II. METHODOLOGY 

A. Materials 

MFC glassware 

The MFCs used in this study were dual chamber H-type 

fuel cells. The two identical glass chambers of 300ml each 
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were made to specification by the instrumentation department 

at the NWU, Potchefstroom. The glass flanges were sealed 

together (with the proton exchange membrane in between) 

using marine grade silicone. A layer of silicone was applied 

onto each of the flanges after which they were firmly pressed 

together to ensure a leak free seal around the PEM. Metal U-

clamps were used to secure the flanges together after the 

application of the sealant to avoid movement of the flanges. 
 

Proton exchange membrane 

To facilitate cation exchange between the anode and 

cathode compartments, a CMI-7000S Cation exchange 

membrane (Membranes International Inc.) was used. The 

membrane was cut into 23mm circles for optimal fitment 

between the flanges. 

Electrodes 

Carbon fibre cloth (200GSM Plain Weave, AMT 

Composites SA) was the material used for both the anodes and 

the cathodes. The carbon fibre cloth was cut into squares and 

the edges lined with duct tape to avoid unravelling of the 

fibres during operation. The exposed area of the anodes 

measured 65mm×65mm. The electrical wire cores were 

weaved through the cloth to ensure proper contact for electron 

transfer. 

Wiring 

Copper telecommunication cabling (4 cores) was used to 

connect the electrodes and resistors and was purchased from 

the NWU electrical store. The load was provided by 1kΩ 

trimming potentiometers which are adjustable to give different 

resistances. All tests were done with the resistance set to 

900Ω. These resistors were connected in series between the 

electrodes and were also purchased from the NWU electrical 

store. Multimeters(UNI-T DMM 3D5)were connected in 

parallel to measure the voltage drop across the load. Switches 

were connected to the wire to break the circuit for 

measurement of the resistance. 

B. Substrates and inoculum 

Sweet sorghum bagasse 

The sweet sorghum bagasse used in this study was grown, 

harvested and pressed at the Potchefstroom College of 

Agriculture(26º43’40.2’’S 27º04’53.2’’E). The bagasse was 

dried in the sun and subsequently milled in a rotary hammer 

mill to sizes of 3mm or less. The dried and milled bagasse was 

then stored in a breathable bag at a temperature of 22°C for 

later use. 

Bagasse pre-treatent 

Low temperature 

For the low temperature pre-treatment, 20g bagasse was 

transferred to a 1 L container. Thereafter 11mL acetic acid 

was added as well as 140 mL de-ionised water to dilute the 

mixture to ensure that the bagasse is covered entirely by 

liquid. The mixture was stored at 22°C in a temperature 

controlled room for 24 hours and finally the acid was 

neutralised using a diluted sodium hydroxide solution before 

the substrate addition to the MFC. 

High temperature 

During the high temperature pre-treatment, 20g bagasse was 

transferred to a 1 L container and 11 mL glacial acetic acid 

followed by the addition of 140 mL de-ionised water. The 

container was then autoclaved at 121°C for 10 minutes and 

subsequently left to cool to room temperature. The pre-treated 

bagasse and acid mixture was then neutralised using a diluted 

sodium hydroxide solution before adding it to the MFCs. 

Crude glycerol 

The crude glycerol used in the experiments was obtained 

from the Pukki bio-diesel plant of the NWU Potchefstroom 

campus (S26º41’26’’ E27º05’36’’). The crude glycerol was 

collected and stored in an airtight glass container at a 

temperature of 22°C for later use. 

Inoculum 

The inoculum used in this study was obtained from the 

effluent of the primary clarifier at the Potchefstroom sewage 

treatment plant (S26º43’40.2’’ E27º04’53.2’’). The inoculum 

was collected in the morning before the start of the 

experimental runs to ensure no major changes in the microbial 

activity. A 2 L glass container was filled to the top with the 

sewage and closed for later use. 

C. MFC operation 

Anode and cathode chambers 

The anode chambers of the MFCs used in this study were 

filled with different combinations of substrate and crude 

glycerol. After measurement of the substrate and glycerol 

amounts, the bagasse and crude glycerol were added to the 

anode compartments. The sewage inoculum was then added to 

fill the anode chamber to the 300 mL mark. The anode 

chambers filled, nitrogen gas was used to sparge the anode 

compartment to create an anoxic environment. The MFC 

bottle caps were sealed around the gas capture line as well as 

the electrical cable prior to the experiments to ensure an 

airtight fit. The cathode chambers were filled with only 300 

mL de-ionised water to facilitate electron transfer. The anode 

chambers were adjusted to a pH of 6.5 before each of the 

experiments. 

Data collection 

Prior to the operation of the MFCs, the baseline pH of the 

anode chambers was recorded as well as the initial voltage 

over the load as well as the open cell potential. Collection of 

the voltages over the 900 Ω load occurred at 24 hour intervals 

for the duration of the experimental runs. After completion of 

the runs, the final pH values of the anode compartments were 

recorded. 

Gas analysis 

Qualitative analysis of the gas produced in the anode 

compartment was done with a Hewlett Packard HP6890 gas 

GC fitted with a GS-Gaspro column (TCD and FID detectors 

in series) to determine the amount of methane and carbon 

dioxide in the gas sample. 
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III. RESULTS AND DISCUSSION 

A. Bagasse pre-treatment tests 

Low temperature 

Two MFCs were used to determine the effect of the low 

temperature acid pre-treatment.Fig.1 shows the daily peak 

voltages for the 2 MFCs. 

 
Fig.1: Electricity generation from low temperature pre-treated 

bagasse 

Both the tested MFCs were filled with 50ml of the 

substrate, one with 50ml untreated bagasse mixture and the 

other with the same amount of pre-treated bagasse mixture. 

From the results obtained over the 10 day experimental runs at 

ambient temperature (22°C), it can be clearly seen that the low 

temperature acid pre-treatment proved effective in making 

lower molecular compounds available for the microorganisms 

to easily digest. Peak power densities of 0.0043 mW/m
2
 and 

0.0076 mW/m
2
 were observed for the untreated and pre-

treated MFCs respectively. 

High temperature 

Further tests involved using high temperature pre-treatment 

methods run for 8 days at 35°C in a water bath. Three MFCs 

were used to test the low temperature acid pre-treatment, high 

temperature acid pre-treatment and high temperature alkaline 

pre-treatment. Fig. 2shows the peak daily voltages of the 

MFCs over the tested period of 8 days. 

 

 
Fig. 2: Electricity generation from high temperature pre-treated 

bagasse 

Both the high temperature pre-treatments proved superior to 

the low temperature pre-treatment, yielding higher voltages 

over the entire tested period. This clearly demonstrates that the 

higher temperature pre-treatments were able to release more of 

the lower molecular compounds from the complex biomass 

structure. Peak power densities of 0.044, 0.065 and 0.095 

mW/m
2
 were obtained in the low temperature acid, high 

temperature acid and high temperature alkaline pre-treatments 

respectively. The GC analysis results of the gas produced in 

the anode chambers can be seen in TABLE : 

TABLE I 

HIGH TEMPERATURE PRE-TREATMENT GC ANALYSIS 

Component wt 
% 

Low T acid High T acid High T 
alkaline 

CH4 0.566 1.053 0.259 

CO2 53.32 84.93 79.28 

 

Although the high temperature alkaline pre-treatment 

exhibited better electricity generation, the high temperature 

acid pre-treatment showed a higher amount of methane 

produced in the anode chamber. All further tests were done 

using the high temperature acid pre-treatment, as it showed 

higher potential for methane production. 

B. Low glycerol concentration tests 

Three different low concentration glycerol loads were tested 

with 20ml of the biomass mixture used for all the MFCs. The 

tested glycerol loads were 0 mL, 0.2 mL and 0.5 mL.Fig.3 

shows the daily peak voltages obtained during the 8 day 

experimental runs. 

 
Fig.3: Low concentration glycerol tests 

From the figure it is apparent that no clear inhibition was 

observed at any of the low concentration glycerol loads, 

demostrating that at the low concentrations glycerol, 

successful co-digestion was achieved. Maximum power 

densities of 0.2265, 0.2855 and 0.317 mW/m
2
 were produced 

in the 0 mL, 0.2 mL and 0.5 mL MFCs respectively. The gas 

produced in the anode chamber was analysed on day 7 

showing the following results: 
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TABLE II 

 LOW CONCENTRATION GLYCEROL GC ANALYSIS 

Component wt 

% 

0 ml Glycerol 0.2 ml 

Glycerol 

0.5 ml 

Glycerol 

CH4 0.719 0.316 0.285 

CO2 36.89 40.44 42.85 

 

All three MFCs produced methane in the anode 

compartment, however the MFC containing no glycerol 

showed the highest methane concentration. 

C. High glycerol concentration tests 

Five MFCs were used simultaneously in the high 

concentration tests. Glycerol loadings of 0 mL, 0.5 mL, 1mL, 

2 mL and 5 mL were tested.Fig.4demonstrates the daily peak 

voltages observed for each of the MFCs: 

 

 
Fig.4: High concentration glycerol 

Investigating the effect of relatively high concentration of 

glycerol on the electricity generation, it was found that the 

MFC loaded with 0.5mL glycerol generates the highest peak 

voltage. The MFC loaded with 0.5 mL glycerol from the low 

concentration tests also showed the highest voltage. This 

indicates that there is an optimal loading of glycerol for 

maximum electricity generation. Gas GC analysis of the gas 

produced in the anode chamber revealed the following results: 

 
TABLE III 

 HIGH CONCENTRATION GLYCEROL GC ANALYSIS 

Component wt 
% 

0 ml 
Glycerol 

0.5 ml 
Glycerol 

1 ml 
Glycerol 

2 ml 
Glycerol 

5 ml 
Glycerol 

CH4 0.623 0.972 0.848 0.552 0.072 

CO2 43.63 48.66 57.26 53.86 71.57 

 

The GC analysis results clearly show that methane 

productionis inhibited at a glycerol loading of 5mL. The gas in 

the anode compartment of the MFC loaded with 5mL glycerol 

showed almost no methane production, indicating that the 

methanogenic communities are unable to produce methane at 

these high concentrations of crude glycerol. The amount of 

CO2 produced in the 5mL MFC was considerably more than 

the other MFCs indicating that other microbial communities or 

pathways were favoured by the glycerol, therefore the 

electricity generation of the 5 mL MFC was unaffected. 

IV. CONCLUSION 

Pre-treatment of the biomass with acetic acid proved 

effective for both the high and low temperature pre-treatments 

tested, with the highest electricity and gas production observed 

when high temperature acid pre-treatment was used. 

Electricity generation in the MFCs remained stable for all of 

the glycerol loads tested, indicating that glycerol is a suitable 

feedstock for the generation of electricity in a MFC. Methane 

was produced in the anode compartments of all of the MFCs, 

with only the 5mL glycerol load showing inhibition of 

methane production. The concentration of the methane 

produced was however very low and could be due to the 

relatively small methanogen community in the inoculum. An 

optimum glycerol loading of 0.5mL was observed when 20mL 

biomass substrate was used.  
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