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ABSTRACT: Kitchen wastes and animals’ manure are accumulated annually with a large quantity which 

represent a human health problems and lead to environment degradation. One of the effective techniques for 

processing these wastes is by producing biogas using anaerobic co-digestion of kitchen wastes and animals’ 

manure. The production of biogas as a sustainable source of energy can be significantly enhanced by adding cow 

dung as inoculum for anaerobic co-digestion of the substrates. In the municipal regions where the present study 

is carried out, there is a scarcity of animal’s manure. Therefore, it is necessary to determine the minimal effective 

ratios of cow dung in substrate mixture to enhance the biogas yield for household utilizations. An experimental 

investigation to evaluate the effect of adding cow dung as a substrate on biogas productivity from anaerobic co-

digestion of food waste and used food oils was presented in this study. Five bench-scale digesters of 1Litre 

capacity with five substrates samples placed in controllable temperature water bath were used to conduct the co-

digestion of the substrate’s mixtures at mesophilic conditions (35 ±1ᴼC) during digestion time of 35days. The 

results revealed that, maximum daily gas productivity was 84.5, 85.8, 87, 88.2 and 91.6 ml/day for cow dung 

mixing ratios of 4, 8, 12, 16 and 20% respectively. The production of biogas began after 4 days of starting the 

digestion and the best digestion time was 25 days for the five mixing samples. The maximum daily and cumulative 

biogas yield were 91.6 ml/day and 2914 ml respectively by mixing sample five of relatively higher dung ratio 

20%. Concentration of CH4 in the produced biogas was in range of 57 – 63 %, and the maximum daily production 

of CH4 was 48, 51, 52, 55 and 58 ml/day by the samples with dung ratios 4, 8, 12, 16 and 20% respectively. It can 

be concluded that, adding cow dung with mixing ratio in range of 4–20% could improve the yield and quality of 

the biogas. The enhancement in cumulative biogas and CH4 produced from the mixing sample five of relatively 

higher dung ratio 20 % were 9.7 % and 27.9 % respectively compared to the mixing sample one with relatively 

lower dung ratio.     
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INTRODUCTION 

Biogas represents a sustainable source of energy which can be used as an alternative source to replace fossil fuels. 

Utilizing of fossil fuels as main energy source has led to environmental degradation, global climate change and 

human health problems. Thus, there is a continuous need to search for an environmentally friendly alternative 

energy source. Increase in industrial, commercial, agricultural and environmental activities have resulted in the 

accumulation of large quantities of wastes which are taking a lot of spaces in the landfills and causes bad impacts 

on the environment [1]. These wastes can be utilized to produce useful biofuels such as biogas to be used in 

household utilizations, industrial applications and vehicles fuel [2, 3]. Farm waste is considered one of the 

potential causes for environmental pollution if it is not handled properly, thus one effort is to use the animal waste 

for the biogas production. Biogas is produced by the digestion process of organic material in anaerobic digester 

by activity of the anaerobic bacteria, where the decomposition of organic matter occurs in the absence of oxygen 

[4, 5]. In order to maintain the normal operation of the batch reactor (typical household type), the materials must 

be added into the reactor with a certain quantity of inoculums such as animals manure [6]. Anaerobic degradation 

process involves many different bacteria, but the process is driven mainly by two types of reactions namely 

acidogenesis and methanogenesis. In the first stage of acidogenic, organic matter is broken down into volatile 

fatty acid (VFA), then metabolized to methane in the next stage by methanogenic bacteria to produce methane 

(CH4) [7]. The anaerobic digestion (AD) technology has important role in reducing the fossil fuels consumption, 
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supplying clean energy and protecting the environment [8]. Biogas can be produced from variety of substrates, 

such as animal manure, energy crops, food waste and industrial waste. The typical reactions that occur in the 

anaerobic digestion process are [9]:  

Acetogenic bacteria: 

Cellulose C6H12O6 → 2CH3COOH + 2CO2 + 4H2 

Methanogenic bacteria: 

CH3COOH → CH4 + CO2, and CO2 + H2  → CH4   

Biogas productivity from the anaerobic co-digestion process can be optimized by selecting a proper inoculum 

such as cow dung to feedstock ratio. The anaerobic co-digestion process at varying inoculum to feedstock ratio of 

1:0, 0:1, 1:3, 3:1, and 1:1 was investigated to determine the potential biogas yield from each proportion. The 

highest biogas potential was recorded at an inoculum to feedstock ratio of 3:1 [10]. Cow dung as animal waste 

has great potentials for generation of biogas and its use should been courage due to its high biogas yields and early 

retention time [11]. The biodegradable portion of solid waste generated in farmhouses can be treated for energy 

recovery with small portable biogas plants. Cow dung has been widely used as a substrate for the biogas 

production. It was observed that, the increase in retention time has led to enhance the gas production [12, 13]. The 

effectiveness of cow dung for biogas production was investigated [14]. The cow dung was diluted with tap water 

at the ratio 1:1, and Palm oil mill effluent was used as inoculums. The results revealed that, the cow dung is an 

effective feedstock for achieving high cumulative biogas yield.  

The maximum potential of biogas production by AD of cow dung alone is significantly lower than that of mixing 

deer manure, cow dung, and mushroom fungus [15, 16]. Many researchers have investigated utilizing of cow 

manure as the raw material and coupled with a cow rumen fluid and water for making biogas to determine the 

effect of cow manure, rumen, and water composition on biogas production. They concluded that, the increase of 

water addition ratio will increase the production of biogas, at the ratio of manure: water 1:3, the system produced 

the highest volume of biogas [17]. The anaerobic co-digestion of corn stalks inoculated by cow dung was found 

to achieve higher biogas production and cellulose biodegradation [18]. Many types of substrates, avocado fruit 

waste, cow dung and poultry manure were used as feedstock for anaerobic digestion. Biogas production potential 

from bovine animal and poultry manure was studied [19, 20]. The results showed that, the daily biogas productions 

were 6.33 m3 and 0.83 m3 obtained from fermentation of bovine animal manure and poultry animal manure. The 

co-digestion of food waste and animal manure is more appropriate with wheat straw and rice straw than mono-

digestion for achieving higher biogas production [21].  

The co-digestion of food waste and cow dung produced the highest biogas percentage of 164.8%, while the co-

digestion of the cow dung, fruit waste and food waste mixture has biogas percentage of 91.0%. Co-digestion of 

fruit waste and cow dung produced biogas percentage of 83.9%, cow dung of 79.8%, fruit waste of 76.4% and 

food waste of 77.4% under similar test conditions [22]. Co-digestion of cow dung and Jatropha cake at various 

mixing ratios in anaerobic digestion was studied at ambient temperature [23]. It is recommended to use the optimal 

mixing ratio of 50% cow dung and 50% Jatropha cake to enhance the biogas yield under the test conditions. The 

impact of mixing ratio of cow dung and poultry droppings on biogas production under tropical condition was 

investigated [24]. The optimum mixing ratio of cow dung and poultry dropping suggested by the study was 25% 

cow dung and 75% poultry dropping mixing ratio which gave 16.35 liter /total mass of slurry. Higher biogas 

productivity can be achieved when the substrate with a low Carbon-Nitrogen ratio (C/N) is mixed with a substrate 

that has a high C/N ratio such as animals manure. It was observed that, the maximum methane production in the 

laboratory-scale digester was related to C/N ratio of 30 at mesophilic temperature [25, 26].   

Due to the presence of higher content of the anaerobic bacteria in the animals dung, thus it was used as inoculum 

for anaerobic co-digestion of substrates to produce biogas. Cow dung has a high C/N ratio, thus when mixed with 

other substrates will enhance the biogas yield. In the municipal regions where the present study is carried out, 

there is a scarcity of animals manure. Therefore, it is necessary to determine the minimal effective ratios of cow 

dung in substrate mixture to enhance the biogas yield for household utilizations. In the present study, the impact 
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of adding cow dung as substrate with different mixing ratios on biogas production from anaerobic co-digestion of 

food waste and used food oils was experimentally evaluated.                      

MATERIAL AND METHODS 

Preparation of the Mixing Samples     

The experimental work was conducted in the renewable energy center at the Technical Engineering college-

Baghdad. Five samples of substrate mixtures were prepared according to the standard methodology reported in 

the many literature [27] from food waste, used food oils, cow dung and water which is added with percentage 42 

% of the mixture mass. Cow dung was collected from the cows farm and mixed with water, the solution filtered 

from the solid particles and added to the mixture with five ratios, 4, 8, 12, 16 and 20 % of total mixture mass 500 

g as shown in the Table 1. Constant ratios of food waste, oil and water with various ratios of cow dung in the 

mixtures were used to investigate the effect of adding dung on biogas quality and productivity.  The food wastes 

were collected from the kitchen vegetable wastes such as, tomato, potatoes, eggplant, carrots, and cut into small 

pieces, weighted precisely using digital balance and mixed with used food oil and cow dung based on mixing 

ratios depicted in the Table 1 to prepare five samples of substrate to be tested experimentally. The mixture 

components were mixed with water, properly, grinded and put in the digesters to enhance the degradation of the 

substrates and reducing the digestion time. 

Table 1. Substrates of the test samples 

 Food waste % Used food oil % 

Dung percent of 

total food and 

oil mass (%) 

Waste food and 

oil mass (g) 

Digester 1 24.53 75.47 4 500 

Digester 2 
24.53 75.47 8 

500 

Digester 3 
24.53 75.47 12 

500 

Digester 4 24.53 75.47 16 500 

Digester 5 
24.53 75.47 20 

500 

Experimental Setup and Methodology 

Five bench-scale digesters (1Litre glass flask) were used to produce the biogas from the anaerobic co-digestion 

of kitchen waste, used food oils and cow dung in the current work. The digesters were placed in the controllable 

temperature water bath to conduct the co-digestion of the substrates mixture at mesophilic conditions (35 ±1ᴼC) 

during digestion period. The digesters were supplied with calibrated measuring devices, valves for gas 

accumulation and sealed properly using plastic plugs as shown in the Figure 1. Gas data analyzer of model RASI 

700 with infrared technology was used to measure the percent of biogas components, CH4, O2, CO2 and H2S of 

the produced biogas. The pH value of the test mixtures was measured during the digestion period using digital pH 

meter. Temperatures and gas pressure were monitored during the digestion process using K-type thermocouples 

with range of -200 ˚C to 1250 ˚C and pressure transmitters of model KELLER, PA-21Y/9155 with range of (0-

10) bar and digital readers. To create an anaerobic environment inside the digested mixture, all digesters were 

purged for 5 minutes with Argon gas. The anaerobic co-digestion of substrate mixtures was conducted during 35 

days for all samples. Volume of the produced biogas from the five digesters was measured by the amount of 

downward displaced water procedure where the volume of biogas equals to volume of cylindrical tube of the 

collector, corrected to 1atm pressure, 23 ᴼC and collected in plastic balloons.  

To prevent the dissolution of the collected biogas in the water, saturated brine solution of Sodium Chloride (NaCl) 

and water was used to fill the scale glass cylinder.  After first fourth days of digestion process, the biogas generated 

in digesters was collected and measured every 2-3 days. The air is evacuated from the upper chamber of the scale 
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cylinder, then the produced biogas passed through glass tube to the scale cylinder filled by brine solution, biogas 

pressure build-up at the upper chamber of the cylinder and displaced the solution due to the insolubility of biogas 

in brine solution. Volume of the displaced solution from the scale cylinder was measured which represents the 

volume of generated biogas in the digester. Produced biogas was then collected from upper chamber of the scale 

cylinder in plastic balloon and analyzed to determine the biogas components CH4%, CO2%, H2S%, and O2%, 

using RASI 700 gas analyzer. The test experiments conducted on the five substrates samples were repeated twice 

under similar conditions to insure the validity of the obtained results. The solution from the first set of experiments 

was used as inoculum for anaerobic co-digestion of second set of the experiments.  

 

Figure 1. Experimental setup for anaerobic digesters. 

RESULTS AND DISCUSSION 

To investigate the effect of adding cow dung on biogas production from the anaerobic co-digestion of food waste, 

used food oil and water, different ratios of cow dung with other substrates maintained at constant ratios were 

considered for biogas productivity comparison as illustrated by five samples of substrates in the Table 1. The 

biogas production from the five digesters was observed after 4 days of starting digestion period (35 days), because 

within this period the decomposition of the mixture substrates takes place inside the digester producing the 

essential substrate for the methanogenesis. The production of biogas began to increase significantly beyond the 

fourth day of digestion with average productivity of 79.3 ml/day as shown in the Figure 2. Most of the produced 

biogas was at digestion days from 5 to 25, where more than 75% of the biogas volume obtained at this period. 

Similar behavior can be observed till first 5 days for all mixing samples and thereafter, the biogas production 

increases progressively to higher yield at day 25 and then decline as the substrates diminish. Maximum gas 

productivity obtained in day 25 was 84.5, 85.8, 87, 88.2 and 91.6 ml/day for mixing ratios 4, 8, 12, 16 and 20% 

respectively. It can be observed from Figure 2, that the higher biogas yield (91.6 ml/day) at digestion day 25 was 

by mixing sample five with relatively higher dung ratio 20% compared to other samples.  

This variation in gas productivity with dung concentration in the test samples is attributed to the higher content of 

the anaerobic bacteria in the cow dung as well as its high Carbon to Nitrogen (C/N) ratio which enhance the 

anaerobic co-digestion of mixing substrates. The cumulative biogas produced by the samples 1, 2, 3, 4 and 5 was 

2657, 2720, 2768, 2819 and 2914 ml respectively during digestion time 35 days as illustrated in the Figure 3. The 

methane (CH4) gas production from the mixtures with different dung ratios was observed to increase with 

digestion days, maximum productivity was 48, 51, 52, 55 and 58 ml/day by the samples with dung ratios 4, 8, 12, 

16 and 20% respectively at best digestion time (25 days) as shown in the Figure 4. Methane percentage CH4% in 

the produced biogas increases significantly after digestion day 15 to reach about 63% at day 25 due to the growth 
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of slowly growing methanogenic bacteria and proper C/N ratio. After 25 days, methane yield was decreases with 

time due to the inhibition factors that results in methanogenic bacteria decay.  

 

Figure 2. Variation of the daily biogas yield with digestion time for mixing samples with different dung ratios. 

 

Figure 3. Cumulative biogas for mixing samples with different dung ratios during digestion time. 

 

Figure 4. CH4 yield variation during digestion period for mixing samples with different dung ratios. 

Figure 5 shows the cumulative CH4 for different dung ratios and average CH4% in the biogas produced during 

digestion time 35 days. The maximum CH4 concentration in the biogas was in range 57 - 63% after 25 days of co-
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digestion process, while the average concentrations of CH4 during total digestion time (35 days) were 37, 39, 41, 

42 and 44% for mixing samples 1, 2, 3, 4 and 5 respectively. Based on the mixing sample one with relatively 

lower dung ratio 4% as primary ratio, it can be concluded that, the enhancement in cumulative biogas produced 

from the sample five with higher dung ratio 20% was 9.7 %, while the enhancement in cumulative CH4 was about 

27.9 %. Figure 6 shows the variation of pH with digestion time for mixing samples with different dung ratios. It 

can be observed from this figure that, the value of pH beyond 25 days of starting the co-digestion reduces to less 

than 6 which attributed to the activity of the acidogenesis bacteria. Concentration of H2S and CO2 in the biogas 

produced by mixing samples with various dung ratios during digestion time is illustrated in the Figure 7. Hydrogen 

Sulphide (H2S) represents undesirable component in the generated biogas, the maximum percent of H2S in the 

produced biogas was about 14% and progressively decreases till day 25. After digestion day 25, H2S percentage 

was slightly increases which affected inversely on CH4 productivity. It can be observed in this figure that, CO2 

percentage in the biogas increases after digestion day 5 to reach average value 42 % at day 20 and then decline. 

This fluctuation in CO2% can be attributed to converting the butyrate and propionate to hydrogen, acetate and 

CO2 through the second stage of anaerobic co-digestion of the substrates and also due to the growing of 

acidogenesis bacteria in range faster than methanogenesis bacteria.  

 

Figure 5. Cumulative CH4 for different dung ratios and average CH4% in the produced biogas. 

 

Figure 6. pH Variation with digestion time for mixing samples with different dung ratios. 
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Figure 7. Concentrations of CO2 and H2S in the produced biogas during digestion time. 

CONCLUSION 

The influence of adding cow dung with different ratios on biogas production from anaerobic co-digestion of 

kitchen food waste and used food oils mixture was investigated in the present work. From the obtained results, it 

can be concluded that, the production of biogas has began after 4 days of starting digestion process and the best 

digestion time was 25 days for the five mixing samples considered in this study. More than 75% of the biogas 

production was at digestion days from 5 to 25, and maximum daily gas productivity was 84.5, 85.8, 87, 88.2 and 

91.6 ml/day for mixing ratios 4, 8, 12, 16 and 20% respectively. The maximum daily and cumulative biogas yields 

were 91.6 ml/day and 2914 ml respectively by sample five of relatively higher dung ratio 20%. Concentration of 

CH4 in the produced biogas was in range 57 - 63%, and the daily production of CH4 was 48, 51, 52, 55 and 58 

ml/day by the samples with dung ratios 4, 8, 12, 16 and 20% respectively. The enhancement in cumulative biogas 

and CH4 produced from the mixing sample five were 9.7 % and 27.9 % respectively compared to the sample one 

with relatively lower dung ratio. Value of pH was in range of 5.6 – 7.1 for all mixing samples during total digestion 

time 35 days. The percentages of H2S and CO2 in the produced biogas were in range of 8 – 14% and 27.4 – 43.8% 

respectively.  It can be concluded that, adding cow dung with mixing ratio 4 – 20% could enhance the yield and 

quality of the biogas produced by anaerobic co-digestion of food waste and used food oils.  
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