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ABSTRACT: For the first time ability of a microbial fuel cell (MFC) to produce value-added 

products from the high content of oily kitchen waste was evaluated. A Single-chamber, air-cathode 

MFCs containing 30% solids was designed for evaluation of the rate of biohydrogen and 

bioelectricity production. Food wastes were studied in four states: oil-free (0%), containing 3% oil, 

6%, and 9% oil during 30 days of operation. Experiments showed with increasing the amount of oil, 

the amount of biohydrogen produced increased from 0 to 6% of the oil, and with the addition of 9% 

of oil, no significant change was observed in the biohydrogen production rate. The average daily 

production of biohydrogen for 0, 3, 6 and 9% of the oil was estimated at 42.5, 58.7, 69.6 and 70.1 mL 

per day, respectively, which showed that adding oil up to 6% could increase the efficiency of the system 

for biohydrogen production. On the other hand, with the increase in the amount of oil, the production 

of bioelectricity decreased, so that the maximum output voltage was recorded for the fourth day  

of zero state: 472 mV, and the lowest voltage on most of the days recorded for 9% of oil. The results 

of Chemical Oxygen Demand (COD) removal showed with increase in the amount of oil, although 

 the amount of initial COD increased, the amount of COD removal decreased, which is consistent 

with the process of electricity production. Volatile fatty acids including acetate, butyrate, and 

propionate were other valuable products of the system, although the accumulation of VFA was indicated 

as an inhibitor for biohydrogen production The results showed kitchen waste without oil separation 

can be used as a useful substrate in MFC systems to produce value-added products, in this way, 

sewage pollution by oil resulted from food waste could be prevented 
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INTRODUCTION 

The increase in demand for energy, along with the 

decrease in fossil fuel resources, has made the extraction 

of clean energy from renewable sources a priority. 

Bioelectrochemical systems are emerging and promising 

green technologies whose mechanism is based on biomass 

conversion and the generation of beneficial output from 

liquid and solid wastes [1-3]. Microbial Fuel Cells (MFCs) 

are bioelectrochemical systems that oxidize organic 

substrates through electrochemically active 

microorganisms and release an electron. Electrons are 

transferred to an anodic surface to produce bioelectricity, 

then through an external circuit transferred to a cathode  

for H2O2 or H2O production by oxygen reduction in a 2e- 

or 4e- pathway [4, 5]. In addition to the produced 

electricity, recovery of value-added products such as 

biohydrogen, bioethanol, and volatile fatty acids, less 

energy production, recyclability, pollutant degradation 

with less toxic products, and high efficiency, are other 

benefits of usage of MFCs [6-9]. 

Biohydrogen is a useful byproduct from MFCs that has 

received much attention as an energy source among 

sustainable biofuels due to its high calorific value, 

cleanliness, long storage capability, the possibility of use 

in both fixed and movable forms, and usability as a carrier 

gas [10, 11]. In MFCs, biohydrogen is produced through 

electron reduction by oxygen from a water molecule and 

in the presence of protons in the cathodic chamber. 

However, most of the biohydrogen production is related  

to the production of this gas in the acetogenesis of 

anaerobic fermentation of the substrate in the anode 

chamber. In the anaerobic conversion of biomass, larger 

molecules are first hydrolyzed and then converted into 

molecules accessible to bacteria, later fermented by 

acidogens and acetogens and converted to Volatile Fatty 

Acids (VFAs) and hydrogen [12, 13]. 

The behavior of microorganisms in MFCs includes 

complex processes. Mixed bacterial cultures often 

generate much higher power than a single bacterium. 

Different anodophilic bacteria from the families of 

Geobacteraceae, Alteromonadaceae Clostridiaceae 

Desulfuromonaceae, Aeromonadaceae Enterobacteriaceae, 

Pasteurellaceae, and Comamonadaceae cantransfer 

electrons to electrodes. Fe(III)-reducing bacteria are 

important electrogenic microorganisms in MFCs with a high 

energy conversion efficiency [14]. 

Among various organic substrates used for biofuel 

production through MFCs, food waste generated from 

edible food is a potential substrate due to its high content 

of energy components including carbohydrates, lipids, 

amino acids, and so on. On the other hand, converting food 

waste to energy could be a solution to the treatment and 

disposal of the huge amount of 1.3 billion tons per year of 

food waste estimated by the Food and Agriculture 

Organization (FAO) [15, 16]. Various studies have 

reported the use of food as a substrate to generate 

electricity from MFCs [17-19]. Whilst, during biological 

fermentation, 33% of the available energy is converted to 

hydrogen and biohydrogen could be considered a byproduct 

of MFCs [20]. 

In addition, 4 to 8% of the content of food waste is 

waste cooking oil, which is not a suitable method for their 

disposal, and discharging into the sewage collection 

network causes clogging of the sewage network and the 

spread of pollution to the environment [21-23]. The 

acquisition of gas and electricity from an oily substrate is 

well documented in various studies. Badia-Fabregat et al. 

reported crude oil as a useful substrate for biohydrogen 

production from microbial electrolysis cells [24]. 

Biodegradation of oil-contaminated sediments in a 

sediment microbial fuel cell was reported successfully by 

Aleman-Gama and the maximum power output measured 

178 mW m-2 [25]. Baranitharan et al. treated palm oil mill 

effluent in a microbial fuel cell with simultaneous 

generation of the power density of about 54 mW m-2 [26]. 

However, when using food waste as a substrate, the food 

waste is pre-refined and the available oil is removed before 

entering the experiments. Anaerobic digestion [27] and 

land application [28] are some of the methods are used  

to treatment of oily food waste. 

Although the performance of MFCs has improved in 

recent years, the low energy efficiency still hinders their 

widespread application on a real scale. In more recent 

studies, single-chamber MFCs without proton exchange 

membranes with air-cathode type cathodes have shown 

higher efficiency than double-chamber, especially for 

solid-phase MFCs [29, 30]. In these single-chamber 

systems, while the anode and cathode are placed close to 

each other to facilitate electron transfer, the anode is 

completely immersed in the substrate, but the cathode is 

selected from cathode-air electrodes, which are It is in 

contact with the substrate and is directly exposed to air on 
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the other side, and unlike two-chamber systems where 

oxygen is supplied through mechanical aeration, the oxygen 

supply in air-cathode systems is through the passage of 

atmospheric air through the pores of cathode [31]. 

In this study, we intend to design a series of 

experiments that use oil-containing food waste as a 

substrate to produce biohydrogen and bioelectricity 

through MFCs. Most MFC studies have been performed 

on liquid substrates [32-34] the solid phase has been less 

studied, and food substrates have been used after extensive 

dilution. Due to the difficulty of electron transfer in the 

solid phase substrate, the cell faces problems like high 

internal resistance, long operational time, and low energy 

efficiency. However, because solid wastes are rich in organic 

matter, a study on microbial cells operated  

in the solid phase seems valuable [35]. Therefore, the 

substrate used in this study was selected from oily food 

waste with a high content of solids. Accordingly, this study 

aimed to evaluate the potential of biohydrogen and 

bioelectricity production from oily food waste with a high 

content of solids through an air cathode of a single-

chamber microbial fuel cell for the first time. In addition, 

the rate of COD removal and the production of volatile 

fatty acids was also examined. 

The increased amount of oil showed a higher ability 

to the generation of biohydrogen in single-chamber air-

cathode MFC. However increasing levels of oil reduced 

generated bioelectricity, and oily kitchen waste was able 

to produce bioelectricity in different oil concentrations. 

 

EXPERIMENTAL SECTION 

MFC construction 

Four of the same single chamber cubic-shaped reactors 

air cathode MFCs, a net volume of 630 mL, were constructed 

and operated simultaneously. The anodes were made  

of carbon cloth and the cathode electrodes were made  

of carbon cloth containing platinum catalyst (0.5 mg/cm2). 

The projected surface area of each anode and cathode was 

25 cm2 with a 3 cm spacing between the electrodes used  

in Plexiglas reactors. The external circuit between 

electrodes was connected through copper wire. 

 

Matters and reagents 

Food groups from four categories of bread and cereals, 

grains and meat, vegetables, and fruits were selected as 

substrates. Anaerobic sludge had been collected from the 

sludge thickening tank in the South wastewater treatment 

plant. Analytical grades of potassium dichromate, 

mercuric acid, sulfuric acid, ferroin, ferrous ammonium 

sulfate, sodium hydroxide-sodium thiosulfate, borate 

buffer, sodium carbonate, sulfuric acid, sodium 

bicarbonate were used to analysis of COD, nitrogen 

content and alkalinity from Merck Co. 

 

Substrate preparation 

After drying at 105°C for 24 h, the raw materials were 

powdered and then mixed in equal amounts. Waste of 

sunflower edible oil was prepared from a restaurant   Oil 

was added to the food in proportions of 0, 3, 6, and 9% of 

the total weight of solids (W/W).In 162 g of the prepared 

composition, the amount of carbohydrate, protein, and fat 

of the composition according to the FAO [36] was estimated 

to be 42, 14.7, and 2.09 g, respectively. The amount of carbon, 

based on burning at 550°C for 20 min was measured as 50-55% 

of total solids. The nitrogen content was measured by equal 

to 1-2% of total solids. The C/N ratio of 1/35 was estimated  

to be the optimal condition for anaerobic bacteria to produce 

gas. Finally, 30% food containing 162 g solids with oil in 

proportions of 0, 3, 6, and 9% of oil, and 70% of 0.01 M 

phosphate buffer solution (PBS) (pH=7.4) containing 1.4g 

Na2HPO4, 0.2g NaH2PO4, and 8.5g NaCl were selected  

as input feedstock. 

The alkalinity of the prepared matrix (input feedstock) 

was measured as 1100 mg/L, and to create suitable 

conditions for gas production in anaerobic conditions, 

alkalinity reached 3000 mg/L using 1 g of sodium 

bicarbonate and pH was adjusted to 7.2. 

To break the compounds with low degradability, the matrix 

was incubated at 15°C for 7 days and then transferred  

to the reactor. 

 

MFC start-up and operation 

All bioreactors were inoculated with anaerobic sludge. 

Before inoculation sludge was filtered to acquire a 

homogenous solution and was heated for 15 min at 100 °C 

to enrich H2-producing bacteria. 12.5 mL/L trace minerals 

and 10 mL/L vitamins (Wolfe's vitamin solution and 

mineral solution) were added to 100 mL sludge. The exact 

value of 2 g sodium acetate (which generated the COD 

value of 1560 mg/L) was used as a source of the substrate. 

The matrix was sparged with nitrogen gas for 10 min  

to remove oxygen and exposed to the anode. After starting 
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the work, with the current dropping below 80 mV, the anode 

was re-fed until the maximum voltage obtained was repeated 

in at least 3 consecutive cycles. After this step, the anode 

was ready for operation. The reactor was operated at laboratory 

temperature (25 °C). The duration of operation of each run 

was equal to 1 month. The experiments were repeated  

3 times. 

 

Analysis 

The output voltage was measured in millivolts using  

a multimeter. The amount of gas produced was measured 

daily using the water displacement method. The volume of 

water displaced in the column after connecting the gas bag 

reflected the volume of biogas produced. The composition 

of the produced gas, including biohydrogen, was 

determined using a Gas Chromatography (GC) device 

equipped with a thermal conductivity detector (Extended 

Agilent Fast Refinery Gas Analyzer, Agilent 7890A). 

Samples were brought to atmospheric pressure before 

injection. Sample collection container connected to inlet 

tube. Gas flowed from the collection tube through the 

valve to purge dead air space and fill the sample tube. 

About 15 mL normally is sufficient to clear the lines and 

to provide a sample of 1 to 2 mL. The sample transferred 

from the loop into the carrier gas stream (#2720) [37]. 

Volatile fatty acids in the initial feed as well as at the end 

of each run were measured using a GC device equipped 

with a flame ionization detector (Varian 3800). Effluent 

samples were kept at 4°C and 30 mL of sample was 

transferred to a glass vial and acidified to pH 2 with 

phosphoric acid. The acidified sample was centrifuged into 

a polycarbonate tube until the center was separated from 

the supernatant. The supernatant was placed in a 3.5 mL 

glass vial. And 1 μL of the sample was injected for 

analysis. For each set of 10 samples, at least one blank 

sample was analyzed (#5560) [37].  

COD was measured using the 5220-Standard Method 

with the Open Reflux Method at the beginning and end of 

each run. A portion of the sample was diluted to 50 mL.  

1 g HgSO4 and 5 mL sulfuric acid were added. 25 mL 

potassium dichromate was added and the mixture was 

refluxed for 2 hours [37]. The percentage of COD removal 

was calculated as follows: 

𝐶𝑂𝐷 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 % =
𝐶𝑂𝐷0 − 𝐶𝑂𝐷𝑒

𝐶𝑂𝐷0

× 100 

COD0 = influent COD (mg/l) 

CODe = effluent COD (mg/l) 

Nitrogen content was determined according to the 

standard method (Norg-4500). 10 mg of sample 

homogenized and after digestion through sulfuric acid 

measured by titration [37]. Alkalinity was measured using 

Standard Method (#2320) by titration method [37]. 

 

RESULTS AND DISCUSSION 

Biohydrogen production 

Figure 1 shows the amount of hydrogen produced 

during the operation period daily. The reason for choosing 

these 4 weeks for operation is related to the high 

concentration of the substrate that makes the reaction time 

longer, although it does not affect the efficiency [38].  

As shown in Fig. 1, for all matrices, the process of hydrogen 

production starts on the second day and increases rapidly. 

In the first week, the process reached the maximum 

amount of biohydrogen production, and then until the end 

of the period, the cycle of reduction-increase was encountered 

frequently. This indicates gas production in the first days 

of fermentation and the passage of time and excessive 

consumption of food (substrate) have reduced the 

efficiency of gas production. The very high start of gas 

production in the microbial fuel cell also indicates the high 

performance of gas production by the biomass inside  

the cell [39]. In Chookaew et al. study also maximum 

hydrogen production during dark fermentation occurred  

at the first hours of operation due to the abundance of nutrients 

at first and the consumption of hydrogen by methanogens  

at the final [40]. 

According to Fig. 1, the lowest amount of biohydrogen 

produced belongs to the oil-free matrix (figure 1a), and by 

increasing the amount of oil to 6% (figure 1c), the amount 

of biohydrogen produced also increases, and then by 

adding the amount of oil up to 9% (figure 1d), there was 

no difference in the amount of biohydrogen produced.  

As can be seen, with increasing the amount of oil, the time 

to reach the process of reducing the production of 

biohydrogen is also delayed, so that for the matrix without 

oil after the third day the reduction process begins, and  

for matrices containing 3 and 6% oil was observed after 

the sixth day. 

For the oil-free matrix (figure 1a), an average of 11 mL 

of biohydrogen was observed on the second day, and  

on the third day, it reached its maximum production level 

of 58 mL and continued to decrease. However, compared  
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Fig. 1: Daily H2 production rate (a) without oil, (b) 3% oil, (c) 6% oil, and (d) 9% oil. 

 

to the others, it showed a more uniform trend, and  

the amount of biohydrogen produced varied in the range  

of 34-53 mL per day. 

For the matrix containing 3% oil (Fig. 1b), the maximum 

biohydrogen production was obtained on the fifth day with 

an average of 80 mL, and then faced a decreasing trend 

from the eleventh day, and reached its minimum level of 

41 mL on the thirteenth day, which compared to the amount 

the maximum was reduced by half. After that, the production 

process increased and reached its maximum in the last days 

of operation. 

As can be seen in the figure (figure 1c,d), the graphs 

containing 6% and 9% are tangential to each other at most 

points, and the amount of produced biohydrogen on most 

days was measured close to each other and more than  

the other two matrices. This means that adding oil up to 

6% increases the production of biohydrogen, but then 

adding oil has no effect on the amount of biohydrogen 

produced. The maximum amount of biohydrogen 

produced for both matrices was observed on the sixth day 

and was equal to 103 mL, which was the highest amount 

of biohydrogen produced among the studied matrices. 

After reaching the maximum level, these two matrices also 

experienced a decreasing trend and reached their minimum 

level and less than half of the maximum level on the tenth 

day. After that, the process of increasing biohydrogen 

production was observed and from the 22nd day onwards, it 

reached close to the maximum production of the first days. 

According to our observations, the process of hydrogen 

production is a function of oil hydrolysis. In this way,  

the matrix without oil reached its maximum hydrogen 

production faster than other matrices and continued to 

show a more uniform trend than other matrices. The delay 

of other matrices to reach the maximum voltage indicates 

that longer oil hydrolysis time affects hydrogen production 

and in the whole process showed more fluctuations than 

the oil-free matrix. Also, matrices containing 6 and 9% of 

oil showed more hydrogen production than other matrices, 

which indicates an increase in hydrogen production due to 

the increase in oil content. 
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In the study of Meng et al., in the process of anaerobic 

digestion, gas production from oil wastes was reported to 

be more than from food wastes, although the digestion 

time was longer [41]. An oil or fat subjected to anaerobic 

digestion is first hydrolyzed to glycerol and long-chain 

free fatty acids (LCFAs). LCFAs have been reported to be 

the main mediators of the oil breakdown process and are 

subsequently converted to acetate and hydrogen by 

acetogenic bacteria. Theoretically, oil produces more gas 

than other waste products such as carbohydrates and 

proteins, and is sometimes added to anaerobic digesters to 

produce more biomethane. Oil hydrolysis is a limiting step 

in anaerobic digestion [41]. 

It should be noted that the main product of MFCs is 

bioelectricity and biohydrogen is considered a byproduct 

of the process, so the reporting of biohydrogen extraction 

results from MFCs is very limited. One of the few studies 

in this field is the study of Chandrasekhar et al., who 

reported the cumulative amount of biohydrogen produced 

from an oil-free food substrate in a single-chamber MFC 

at the end of 30 days of 5400 mL [42]. 

Besides hydrogen, carbon dioxide was other main gas 

that was produced during the operation of the system. 

Generally, it was observed that oily kitchen waste can 

serve as a substrate of MFC for biohydrogen production 

and generation of clean gas. 

 

COD removal 

Since the organic and carbon parts of the feed act as  

an electron-producing factor in the anode chamber and  

in addition to the decomposition of the substrate, causes 

the production of bioelectricity, the COD changes of the cell 

are measured (Fig. 2). In our study, the rate of COD 

removal at the end of the process was measured relative  

to the inlet COD concentration, because in fed-batch 

reactors, sampling during the period and returning the 

solution to the chamber, due to disturbing operating 

conditions such as air entering the chamber, will affect the 

performance of the reactor [43]. 

The initial COD of our study in oil-free foods was 

55.700 mg/L, which increased to 66900, 82533.33, and 

107466.66 mg/L, respectively, with an increase in oil 

values of 3, 6, and 9%. Our data were consistent with the 

values reported in the literature. Liu et al. reported the 

COD of food containing oil, 70000 mg/L [44], and Wu et al. 

measured the amount of COD of food waste containing  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The COD value at the start and end of the process for 

different studied conditions (without oil, 3% oil, 6% oil, 9% oil). 

 

14 g/L of fat, about 101 g/L [27]. However, the rate of 

COD removal for different matrices showed little 

difference, and for oil-free matrices, 3, 6, and 9% oil, 31, 

29, 31, and 27% were read, respectively. both biohydrogen 

and bioelectricity production are affected by microbial 

metabolism that is paused by a high concentration of 

substrate, although COD increase due to an increase of oil 

content could be effective on the amount of biohydrogen 

production [45]. 

It should also be noted that the initial concentration of 

the substrate of more than 20 g COD /L may reduce 

hydrogen production, so the low amount of biohydrogen 

obtained can correspond to the high load of COD [46].  

On the other hand, if the bioelectricity decreases with 

increasing COD removal (increasing the COD removal in 

the matrix of 6% oil compared to 3% versus decreasing the 

generated electricity), this could be related to biohydrogen 

production, which is consistent with our study [26]. 

Compared to studies in MFCs with high solids content, 

our results were almost close to the study of Lee et al. who 

reported a COD reduction of about 40% during 40 days in 

an MFC containing 24.5 g/L solids and COD of livestock 

waste from 7000 mg/L reached 4000 mg/L. According to 

these researches, hydrolysis of cattle manure particles 

leads to an initial increase in COD, which eventually turns 

into VFA [29]. 

However, compared to other similar studies, a lower 

rate of COD removal was obtained in our study. In the study 

on MFC with a ratio of 270 mL solids to 30 mL water, the 

initial COD of the inlet food before oil removal (oil content 

38 g/L) was measured at 380 g/L, which on  30th day reached
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Fig. 3: Daily produced voltage (mV) (a) without oil, (b) 3% oil, (c) 6% oil, (d) 9% oil.. 

 

30th day reached 106 g/L and showed a 72% removal [42]. 

In another investigation, in an MFC containing 450 mL of 

oil-free food and 50 mL of water, at the end of 29 days of 

operation, 73% removal of COD was reported [47]. 

The most important point in COD removal efficiency 

is that the rate of COD removal in MFC is affected by the 

microbial growth rate and the surface of the electrodes, 

especially the anode, and the removal rate increases with 

increasing electrode surface [43]. 

 

Bioelectricity production 

According to Fig. 3, the process of bioelectricity 

production was observed in contrast to the process of 

biohydrogen production. In other words, with increasing 

the amount of oil, the amount of produced bioelectricity 

decreased. On most days, the maximum voltage read 

belonged to the oil-free matrix (Fig. 3 a) and the minimum 

to the matrix containing 9% oil (Fig. 3 d). From the second 

day onwards, the bioelectricity production process increased 

rapidly and the maximum output voltage was measured 

in the first week of the reaction. The plausible reason for 

this high power in the first days is due to the availability  

of sugars and feed in a suitable amount around the anode 

surface space [48, 49]. After that, until the last week of 

 the reaction, a steady trend was recorded in almost all 

cases. This constant trend in voltage for the middle days can 

be due to the less availability of simple monomeric sugars 

and the poor performance of the electrochemically active 

biocatalyst [50]. 

In general, the relationship between voltage generation 

and the electrical power of a microbial fuel cell can be 

related to the amount of carbon source (sugar) consumed 

within the cell. Whenever the carbon source is consumed 

and a small amount of it remains, the amount of output 

voltage of the cell will decrease and eventually remain 

constant, this has been proven for all cases studied in this 

study [51]. Also, based on the results, it can be seen that 

the amount of increase in oil content inside the MFC has 

the opposite effect on producing the output voltage of the cell. 

As the oil content increased, the output voltage of the cell 
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decreased, and at 9% content, the lowest output voltage of 

the cell was recorded during the 28 days of the process. 

This may be because the oil content prevents the carbon 

source (sugar) content from reaching the anode surface, 

which reduces the consumption of sugar and, as a result, 

reduces the voltage produced by the MFC [51-53] 

The concentration of COD and the amount of 

bioelectricity produced showed an opposite trend and with 

increasing the concentration of COD, a decrease in output 

voltage was observed. The reason for this has been attributed  

to the fact that higher concentrations of the substrate may 

inhibit microbial growth and distort the metabolism of 

microorganisms [45]. 

Various studies have investigated the generation of 

electricity from the oil substrate in MFCs, which have 

reported different efficiencies depending on the oil 

concentration and operating conditions. In a study by 

Majumder et al. on a single-chamber MFC using a substrate 

taken from the wastewater of an oil refinery containing 

2,213 mg/L COD, a maximum voltage of 355 mV was 

reported [54]. Srikanth et al. studied the generation of electricity 

from petrochemical wastewater containing 720 mg/L oil 

and fat and 1040 mg/L COD in a single-chamber MFC and 

reported a maximum output voltage of 318 mV in the batch 

system [55]. The results of a study by Guo et al. on a sample 

of petroleum sludge containing 40% oil showed that this 

sludge in a single-chamber MFC is capable of producing 

299 mV [56]. Therefore, it can be concluded that by 

optimizing the test conditions, oily substrates can be 

considered a source of electricity generation. In studies 

conducted on food waste, Chandrasekhar et al. in a single-

chamber MFC reported maximum voltage on the 9th day of 

about 443 mV, produced from food waste with oil separation 

that indicated the inhibitory effect of oil on bioelectricity 

production in our study [42]. In the MFC fed with food 

waste studied by Asefi et al. immediate generation of 

bioelectricity was observed in the early days and stable 

voltage production was obtained in the third month. It was 

close to our results however maximum voltage reported by 

their study was 600 mV which was higher than our data. 

Similar to our study they reported a gradual decrease in voltage 

due to the depletion of nutrients in the anodic chamber [18]. 

 

Volatile fatty acids 

VFAs are important intermediates with 6 carbon atoms 

or less, and the major end products of the solution include  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: VFA values (ppb) at the start and end of the operation. 

 

acetate, butyrate, and propionate. Biological wastes, such 

as food, are converted to VFAs through acid fermentation 

processes. VFAs are then oxidized in the MFC by biofilm 

grown on the anode to generate electricity [57]. VFAs are 

also commonly used as indicators for monitoring the dark 

fermentation process of H2 production [42]. The 

composition of VFAs during the hydrogen fermentation 

process depends on operating conditions such as pH, 

hydraulic retention time, type, and concentration of 

substrate and microorganisms [58]. 

As shown in Fig. 4, the concentration of input VFA 

compounds in the oil-free matrix was measured higher 

than in the oil-containing samples, but at the end of the 

process, the concentration of these compounds in the oil-

free matrix was read less than in the other samples and 

reflected lower VFA production. In the end, except for  

the amount of acetate, which had almost doubled growth, 

the concentration of butyrate and propionate was observed 

close to the initial concentration. 

With the addition of oil, the initial concentration of 

VFA compounds decreased to a minimum of 6% but 

slightly increased at 9%. Therefore, the decreasing trend 

of initial concentrations of acetic acid, propionic acid, and 

butyric acid was ranked as follows: without oil> 3% oil> 

9% oil> 6% oil. This trend was also observed for the final 

concentration of compounds in the samples containing oil 

and the concentrations of acetate, butyrate, and propionate 

in the sample containing 3% oil had the highest, and the 

samples containing 6% oil had the lowest values, and 

therefore with the values initial showed compliance 

(except free oil case). 
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Fig. 5: VFAcompounds distribution (%) in input and output 

samples. 

 

Fig. 5 shows the distribution of acetate, butyrate, and 

propionate compounds in the studied samples. As we can 

see, the percentage of constituents, especially in samples 

containing oil, shows a uniform distribution. In all input 

samples, acetate accounted for 9-19%, propionate for 8-

11%, and butyrate for 73-80% of the total. In the output 

samples (containing oil) the distribution of compounds 

was similar and the acetate value was 57-78%, propionate 

6-8% and butyrate accounted for 15-36% of the total 

composition. Therefore, a decreasing trend of 

concentration was observed in input samples as butyrate> 

acetate> propionate, in output samples containing oil as 

acetate> butyrate> propionate, and in output samples 

without oil as butyrate> acetate> propionate, respectively. 

According to the literature, the compounds produced in 

the fermentation process at pH 4 are mainly hydrogen, 

acetate, and butyrate [59]. In the Chandrasekhar et al. 

study, the intrinsic VFA of the tested food containing oil 

was measured at 8.4 g/L. In this study, the initial and final 

concentrations of acetic acid and butyric acid were measured 

at 2,000 and 8,500 mg/L and 2,500 and 14,500 mg/L, 

respectively, which was much higher than the values 

measured in our study. According to their study, the 

accumulation of volatile fatty acids reduced the pH and 

thus reduced the efficiency of hydrogen production in the 

last few days [42]. 

As we see in our study, for matrixes containing oil, 

with increasing of oil from 3 to 6%, VFA content (acetate, 

propionate, and butyrate) was decreased, then increased  

in 9% oil was exactly versus the trend of biohydrogen 

production. It indicated that the accumulation of VFA 

prevented the production of biohydrogen. 

pH variations 

According to the diagram drawn in Figure 6, although 

the pH was set at 7.2 at the beginning of the process, with 

the start of the process, a decrease in the pH was observed 

and after the first week to its minimum level in the range 

of 4 to 4.5 for different matrices were read. At these points 

of maximum pH drop, minimum voltage and biohydrogen 

production were measured. Changes in pH during the 

process of microbial fuel cell function indicate the 

metabolic activity of biocatalysts within the cell [42]. 

Decreasing the pH value at any point indicates a decrease 

in the gas and voltage produced during the process [60]. It 

in was accordance with our observations on the middle 

daysof the operation.  During the process, in the first week, 

a decrease in pH is observed, which indicates a rapid 

metabolic function in the microbial fuel cell. Stable pH in 

the middle weeks indicates feed inactivity and low gas 

production during this period [61] . 

In this study we evaluated biohydrogen and 

bioelectricity production ate from oily kitchen waste in a 

single-chamber MFC. Beside of oil content, the effect of 

pH variation and VFA generation was studied on the 

efficiency of MFC. It was indicated that various factors 

can affect on biohydrogen and bioelectricity generation 

and if they control can make oily waste as a potential 

substrate for MFCs. 

The strength of this work was the simultaneous 

production of biohydrogen and bioelectricity in a single-

chamber air-cathode MFC from a high content of solid 

substrate that could be a solution to the treatment of solid 

waste with the acquisition of clean energy. But the high 

cost of construction and low efficiency of the reactor has 

hindered commercialization and use of MFCs on a real 

scale. It seems that by simplifying the structure of the 

reactor using cheap materials in the construction, and 

optimizing the operating conditions to be more productive 

at a lower cost, MFCs are the main tools to achieve clean 

energy and waste treatment in the future world. 

 

CONCLUSIONS 

The ability of biohydrogen and bioelectricity from food 

waste substrate containing oil was examined in a single-

chamber air-cathode MFC. Biohydrogen production 

increased with an increase in oil content but the trend  

of bioelectricity generation was the opposite and decreased 

with the increase in oil content. An increasing amount  
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Fig. 6: pH variation during operation time. 

 

of oil until 6% increased the rate of biohydrogen 

production and at 9% we didn’t see an obvious change in 

the generation of biohydrogen. Bioelectricity production 

was affected by the content of input COD and the higher 

content of oil prevented anodic the activity of 

microorganisms that were responsible for bioelectricity 

production. Also, pH variation was an important factor in 

determining of MFC efficiency. In optimized conditions, 

biohydrogen and bioelectricity production rates were 

higher than 100 mL and 400 mV, respectively. Volatile 

fatty acids including acetic acid, propionic acid, and 

butyric acid were valuable by-products that were generated 

during the operation of the reactor. We showed in this 

study that kitchen waste without oil separation could be a 

proper substrate for biohydrogen and bioelectricity production 

in MFCs, also using food waste in this way could save 

sewage from oil pollution distributed by kitchens. 
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