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ABSTRACT  
 

Over the years, one of the major threats to energy usage is the increase in human population, and the low level of 

production of energy. Biogas, which is a renewable energy source, can be used to complement the existing means of energy 

generation. The aim of this research is to produce biogas from combination of rice husk with cow dung and cassava peels 

with cow dung. Five digesters were used for this work having the following contents: digester A contained 16 kg of rice 

husk and 8 kg of cow dung in 100 kg of water; digester B contained 12 kg of rice husk and 12 kg of cow dung in 85 kg of 

water; digester C contained 16 kg of cow dung in 75 kg of water; digester D contained 8 kg of cassava peels and 8 kg of 

cow dung in 120 kg of water; and digester E contained 4 kg of cassava peels and 12 kg of cow dung in 100 kg of water. 

These were subjected to anaerobic digestion. The temperature and pressure of the gas produced in the digesters after being 

loaded with the substrates were measured at 12 noon and 6 pm every day for a period of 30 days. The results showed that 

digester E had the highest temperature of 46oC, followed by digester D which had temperature of 45oC. Digester B had the 

lowest temperature of 30oC. The highest pressure of 34 mmHg was obtained in digester D, which was observed to have the 

highest amount of biogas generated, while digesters B and C had the least pressure readings of 6 mmHg. The results also 

indicated that mixing ratios have significant effects on the temperature, pressure and volume of the biogas generated. The 

results revealed that the volume of biogas generated from the mixture of plant and animal wastes was more than that of cow 

dung only.  
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1. BACKGROUND TO THE STUDY 
 

Over the years, one of the threats to energy sufficiency is the 

increase in human population and most of the energy used is 

non-renewable. The world population was 7.3 billion in 2015 

(Population Reference Bureau, 2015) and all these people 

must be provided with materials and energy resources. Taking 

cognizance of the fact that fossil fuels exist in limited quantity 

and also that the products of their combustion contribute to 

global warming; a revolution towards sustainable energy 

supply is urgently needed. One of the ways to achieve 

sustainable energy supply is the increase in the use of biomass 

to generate renewable energy (Jacobson and Price, 1990). 

Biogas is generated by the biological breaking down of 

organic matter such as biomass, sewage, municipal waste, 

rubbish dumps, septic tanks’ content, green waste and energy 

crops in an anaerobic environment, i.e. absence of oxygen 

(Aderibigbe, 2015).  

 

To produce biogas, the anaerobic degradation is made to take 

place in a biogas digester designed for that purpose. The 

generated biogas is a mixture of methane, carbon-dioxide, and 

some other gases (Karki et al. 2005).  It is used as bio-fuel 

around the world, and it has a wide range of use such as 

domestic usage for cooking, industrial usage for electricity 

generation and as fuel for internal combustion engines 

(Adegun and Yaru, 2013). It is an attractive energy source, 

which plays a vital role for stable economic development, 

rural and agricultural development and environmental 

protection.  

 

 

 

The generation of biogas from livestock manure, sludge, 

municipal, livestock and organic wastes also serves as a means 

of generating income for the farmers (Hogan et al. 2010).  

Many of the agricultural waste products like maize cob, rice 

husk, cassava peels etc. become a nuisance, as they are being 

disposed of inappropriately on the streets or near the sites 

where these crops are processed. Digestion of these plant and 

animal wastes can be used to generate biogas (Oparaku et al. 

2013). 

 

One of the problem associated with generation of biogas from 

cassava roots, is its high acidity level, which has an effect on 

the amount of biogas generated. For optimum amount of 

biogas to be generated from a waste, it must have a pH value 

between the range of 6.5 and 8.5. Inoculums and neutralizers 

can be added to cassava wastes to be used for biogas 

generation, so as to obtain a neutral pH value (Ofoefule et al. 

2010). 

 

By using plant and animal waste products to generate biogas, 

single households and communities can become more or less 

self sufficient in terms of energy. The biogas generated can be 

used as a clean cooking fuel without the hazardous smoke 

experienced when using firewood (Oparaku and Oformata, 

2013). 
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Adegun and Yaru (2013) earlier worked on generation of 

biogas from cattle dung, considering it a renewable source of 

energy which can be used in rural areas. The retention period 

for the biogas generated was 13 days. After the biogas was 

refined, 70.29 % CH4 composition with 22.62 MJ/m3 calorific 

values was obtained from it earlier value of 56.20 % CH4 

composition and 19.15 MJ/m3 calorific value. Ofoefule and 

Uzodinma (2009) considered biogas generation from mixture 

of cassava peels and animal wastes: cassava peels and cow 

dung; cassava peels and poultry dropping; and cassava peels 

and swine dung in the ratio of 1:1 and another digester 

containing cassava peels only. The highest cummulative gas 

yield was obtained from the blend of cassava peels and swine 

dung, while the blend of cassava peels and cow dung yield 

early the flammable gas. All the blend of cassava peels with 

animal waste produced flammable gas before the 12th day 

while that of cassava peels only took 59 days.  

 

Cassava peels and pig dung were mixed together in three 

digesters with different mixing ratio; 50:50, 30:70, 10:90 

respectively, and having pig dung only in the 4th digester 

(Oparaku et al., 2013). All the blend of cassava peels and pig 

dung generated more gas than that of the pig dung only, with 

30:70 having the highest yield and 10:90 having the least. 

Leke et al. (2013) worked on blends of cow rumen liquor, 

poultry droppings, and goat faeces with maize cobs. For three  

digesters, 20 g of each animal wastes were mixed with 100 g 

of degraded maize cobs in a seperate digester, the forth one 

was a blend of 10 g of cow rumen liquor, 10 g of poultry 

droppings and 100 g of maize cobs, and the fifth one was 100 

g of maize cobs alone.  

 

 

The blend of cow rumen liquor, poultry droppings with maize 

cobs generates the highest amount of biogas followed by the 

blend of cow rumen liquor with maize cobs, while the maize 

cobs alone produced the least. 

 

2. OBJECTIVE 

 
The purpose of this work is to study which blend of cassava 

peels, rice husk and cow dung will generate more biogas and 

their thermodynamics properties in response to the rate of 

generation. 

 

3. METHODOLOGY 

 

3.1 Materials Consideration 
The details of design calculations for the digesters are 

presented else where (Ogunniyi, 2015). For the construction of 

the digester, plastic materials were used for the drums and 

pipe, due to its resistance to corrosion. The pipes were fixed to 

the digester to serve as inlet and outlet duct for loading of the 

substrate and discharge of the slurry respectively. A pipe 

equipped with a valve was connected to the upper part of the 

inverted drum through which the gas is collected. 

Thermocouples (Type K) were used with a multi-meter 

(MASTECH - MY64) in taking the temperature readings 

inside the digesters, while Sphygmomanometers (CE 0483) 

were used in taking the pressure readings. The systems were 

made to be air tight, so as to have an anaerobic condition, 

which is required for digestion processes. Empty cylinders 

were used in storing the biogas after they were collected from 

the digesters using gas spooter. 

 

The diagram of a digester is shown in Figure 1. Figure 2 is a photograph of the experimental set up which was placed under a 

shed.  
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3.2 Experimental Procedure 

Cassava peel and rice husk are the agricultural wastes that were collected with cow dung from Abakaliki in Ebonyi state of 

Nigeria. Five digesters were used for this research work; two for different mixing ratio of rice husk with cow dung, another two 

for different mixing ratio of cassava peel and cow dung, and the last one for cow dung only. The digesters were labeled A to E 

for easy identification and were filled with the constituents, which was mixed with water. The constituents of the five digesters 

are in Table 1: 

 

Table 1: The Constituents of the five digesters 

 Rice Husk 

(kg) 

Cassava Peel 

(kg) 

Cow Dung 

(kg) 

Water 

(kg) 

Digester A 16 - 8 100 

Digester B 12 - 12 85 

Digester C - - 16 75 

Digester D - 8 8 120 

Digester E - 4 12 100 

 

As shown in Table 1 above, digesters A and B contained mixtures of rice husk and cow dung with different mixing ratios which 

were thoroughly mixed before water was added, so as to achieve a uniform mixture within the digesters. Also, digester D and E 

contained mixtures of cassava peel and cow dung which were thoroughly mixed. While digester C contained cow dung only, that 

was mixed with water. The temperature and pressure readings of the biogas inside the digesters were taken at 12 noon and 6 pm 

every day during the period of the experiment. Type k thermocouples connected to multi-meter which has cold junction 

compensation was used in taking the temperature measurements, while Sphygmomanometers (CE 0483) was used for measuring 

the pressure.  

 

 

 

Figure 2% The five digesters u�der a shed& 
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4. RESULTS AND DISCUSSION  
 

The readings taken during the period of the experiment were recorded and presented in figures 3 to 6. Figure 3 shows the graph 

for the temperature readings within the five digesters at 12 noon during the period of the experiment. Digester E had the highest 

temperature reading of 46 oC on the 7th day with digester D having temperature of 45 oC on the same day. Digester B had the 

lowest temperature readings of about 30oC during the experiment for a period of about 9 days during the experiment. On the 

average, digester D had the highest temperature reading value while digester B had the lowest temperature during the period of 

the experiment.  

 

 
 

 

Figure 4 shows the daily pressure readings taken during the experiment at 12 noon. Digester D had the highest pressure of about 

34 mmHg on the 13th day of the experiment. Afterwards, the pressure drops a little, and behaved in a sinusoidal way during the 

remaining days of the experiment. Digesters B and C had the lowest pressure during the experiment, with the highest pressure 

value of 6 mmHg, but most of the pressure readings were about 2 mmHg. Digester A experienced a drastic rise in pressure after 

the 2nd day of the experiment while that of digesters D and E were after the 3rd day. There was a continuous rise of the pressure 

inside digester D until the 13th day when the pressure drops a little and behaved in a sinusoidal way during the remaining days of 

the experiment. The pressure in digesters A and E dropped after the 3rd day and fluctuated throughout the period of the 

experiment.  

 

Figure 3
 Graph �f Te�perature Readi�g agai�st Peri�d (Days) at 12 ���� 
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Figures 5 and 6, show the temperature and pressure readings inside the digesters at 6 pm during the experiment. The temperature 

and pressure readings here, also behaves like that of 12 noon which were shown in figures 3 and 4, though the temperature and 

pressure values were not up to that of at 12 noon. On the average also, digester D had the highest temperature and the highest 

pressure, while digesters B and C had the lowest pressure of 2 mmHg during the period. Digesters A and C experienced the 

lowest temperature values during the digestion period. 

 
 

Figure 4
 Graph �f Pressure readi�gs agai�st Peri�d (Days) at 12 ���� 

Figure 5: Graph of Temperature reading against Period (Days) at 6 pm 
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From the results, it is evident that the bacteria are more active at 12 noon than that of 6 pm; more energy is generated by bacteria 

(exothermic reaction) which results in high temperature at 12 noon. From the temperature and pressure readings, digester D will 

have the highest amount of biogas generated, followed by that of digester A. One of the major effects on the results was the 

volume of the substrate used for the experiment; the amount of biogas generated from the substrate was low. The mixing ratio of 

the substrate also had effect on the biogas yielded by each of the digesters. Digester D contains 50% of cassava peels and 50% of 

cow dung by weight, which had higher volume than the other substrate; which allows it to generate more biogas than the others. 

Digester E had 33% of cassava peel and 67% of cow dung; the volume of the substrate was low when compared to that of 

digester D. Oparaku et al. (2013) who worked on blend of cassava peel and pig dung, also reported that the blend of cassava 

peels with animal waste generate more biogas than using only the plant or animal waste. Combination of cassava peels and 

animals wastes aids the relatively low flammable biogas generation and the slow onset of gas flammability (Ofoefule and 

Uzodinma, 2009).  

 

 Digester A contains 66.7% of rice husk with 33.3% of cow dung by weights, which also yielded more than digester B which 

contains 50% of rice husk and 50% of cow dung. From these results, it is evident that having larger percentage weight of the plant 

waste to that animal waste will generate more biogas. This is in agreement with the result of Vivekanandan and Kamaraj (2011) 

who discovered that a mixture of cow dung and rice chaff in ratio 1:3 will generate more biogas, though he pretreated it with 

sodium hydroxide (NaOH). It was observed that rice husk generates more biogas than cow dung, but the mixture of the two will 

yield more biogas. Small amount of biogas was generated by digesters B and C compared to those of digesters A, D and E. The 

factors observed to be responsible for these were the mixing ratio for the mixture and the volume of the substrate compared to the 

total volume of the digester. The biogas were tested for combustion, biogas from digesters A, D and E burnt while those of 

digesters B and C did not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Graph of Pressure readings against Period (Days) at 6 pm 
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The biogas generated were analysed and the percentage composition of the compounds obtained are presented in Table 2.  

 

 

 

 

 

Table 2: Result of the Percentage Composition of each Samples. 

       % Composition 

Digester 

 CH4 CO2  H2S N2  H2 O2 Others 

A 58.13 23.37 0.13 6.68 0.06 0.22 11.41 

B 56.80 21.44 0.10 8.78 0.10 0.39 12.39 

C 52.80 26.05 0.28 5.90 0.08 0.46 14.43 

D 51.98 24.88 0.24 7.92 0.06 0.45 14.47 

E 50.82 22.36 0.22 8.88 0.08 0.50 17.14 

 

 

The gas in digester A has the highest percentage composition 

of methane followed by B, which shows that mixture of rice 

husk and cow dung generates more methane than that of 

cassava peels and cow dung. Cow dung only has higher 

percentage of carbon dioxide and hydrogen sulphide than its 

mixture with plant wastes. 

 

5. CONCLUDING REMARKS  
 

It can be concluded that more biogas is produced from mixture 

of plant and animal waste than from plant waste or animal 

waste alone. To maximize biogas produced, the plant waste 

should be of higher percentage than animal waste. Therefore a 

digester with such substrate should be designed to withstand 

high pressure to prevent rupture of the digester and leakage of 

combustion gas into the ambient air which may lead to 

explosion. 
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