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Abstract 

The plight of everyone especially the common man, in his quest for electrical energy reliance 

can never be over emphasized. Researching biogas production as an alternative source of 

electrical energy has become important. Certain factors like ambient temperature, pH of the 

substrate, pressure etc. have vital roles in enhancing the production of biogas. The quantity of 

generated gas for electricity generation is dependent on some strategies we highlighted.  
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Introduction 

Products of petroleum are not renewable, yet the by-products of their combustion contribute 

to global warming, environmental degeneration and change in climate [1]. Researches for 

alternate cleaner and reliable source of energy have been enhanced by the awareness created 

on the limitation of fossil fuel [7]. The energy source with a relatively high advantage is 

biogas. This is because the country‟s huge biomass potential is estimated to be about 8 x 102 

MJ, it is renewable and offers a promising sustainable solution [12]. These biomass wastes 

areusually dumped without care, mostly into unauthorized areas causing environmental 

degradation and global warming. Biogas technology has the potential to enhance energy 

availability, create diversity such that conventional fuel would not be the only source of 

energy andnatural eco-system would be safe guarded. It can be used in rural settings [2]. 

Biogas burn without leaving soot and it is renewable. The constituents of biogas are as 

follows, methane (CH4), hydrogen sulphide, carbon dioxide (CO2) and traces of other gases. 

These gases are products of anaerobic conditions from bio-degradable materials [3]. Biogas 

technology is very common in countries like India, China, Pakistan, U.S.A and most 

European nations [12]. Utilization of biogas as fuel in internal combustion engines has 

witnessed a substantial breakthrough and improvement over the years [10;4] The major 

problem is adapting the existing engines to biogas technology. When this is achieved, food 

waste management, and high cost of food processing would be enhanced. 

Anaerobic biodegradation of agricultural materials is a biological process, the end product of 

which are methane –rich gas called biogas and spent slurry of fertilizer vale. It is a process by 

which organic materials such as straw, weeds, human or animal excrements, garbage, sludge, 

domestic sewage and organic liquid wastes from factories etc are degraded by huge number 

of various microbes of different functions under anaerobic conditions to yield methane in the 

end. 

 

Sample collection 

Three wastes used in charging the digester were combined in the following manner and used 

for the batch operation. A combination of poultry droppings procured from poultry famers at 
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Emene and beans waste (comprising beans coats removed during “akara” preparation and 

infested beans removed during picking etc. A combination of poultry droppings and cassava 

peelings procured from local garri producers at Ugbo odogwu. A combination of cassava 

peelings and beans waste procured from „akara‟ and „moi-moi‟ sellers from Obinagu market. 

 

Slurry Preparation 

The batch formation of charging was used, and the capacity of the digester was fixed at 

0.1m
3
. The cassava peelings were dried under the sun. The poultry droppings were spread 

under the sun and dried too.The ratio of water to solid(waste) chosen for the digester is 3:1. 

In achieving this, the following measurements were followed. 

Combination of cassava peelings and poultry droppings 

9.38kg of cassava peelings were measured out using a weighing scale 

9.38kg of poultry droppings were measured out using the balance. 

A mixture of these samples was formed with the measured values and gave 18.76kg.  

Applying the 3:1 ratio of water to waste gives  

 

H2O        Waste(Cassava peelings +Poultry droppings) 

 

3                        :  1 

56.28kg   18.76kg 

Volume allocation in the digester 

The total volume of the digester by design as earlier shown in chapter three is 0.1dm
3 

(100 

litres). 

The volume allocation for the first batch  - batch A is shown below. 

(i) Space left for the biogas to be generated = 25% 

(ii) Space to be taken by waste  = 25% 

(iii) Space left for water  = 50% 

Water takes half of the entire digester volume(50%) while the space for the biogas generated 

was a quarter of the entire digester volume(25%). The waste itself takes a quarter of the entire 

volume (25%). 

3.4.3 Combination of cassava peelings and beans waste 

9.38kg of cassava peelings were measured out using a weighing scale 

9.38kg of beans waste were measured out using the balance. 

A mixture of these samples was formed with the measured values and gave 18.76kg.  

 

Applying the 3:1 ratio of water to waste gives  

 

H2O        Waste(Cassava peelings +beans waste) 

 

3                        :  1 

56.28kg   18.76kg 

Volume allocation in the digester 

The total volume of the digester by design as earlier shown is 0.1dm
3 
(100 litres). 

This volume is divided into three as shown below. 

(iv) Space left for the biogas generated  = 25% 

(v) Space to be taken by waste  = 25% 

(vi) Space left for water   = 50% 

Water takes half of the entire digester volume (50%) while the space for the biogas to be 

generated is a quarter of the entire digester volume (25%). The waste (cassava peelings + 

beans waste) itself takes a quarter of the entire volume (25%). 
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Digester Charging 

The digester cover bolts were loosed, and the digester cover completely removed. The 

measured quantities as earlier shown were poured into the digester and stirred using a rod. 

The first to undergo this process was the batch A comprising mixture of cassava peelings and 

the poultry droppings. After the stirring the cover was replaced and bolted very well to avert 

pressure loss. 0.05628m
3
 of water was poured in through the digester outlet pipe. After which 

the whole content was stirred thoroughly using the digester stirrer. This process was repeated 

on the second day of the charging and stopped.  

The digester was left with its content for 30 days while the following readings were being 

taken. (a) Ambient temperature (b) Slurry temperature (c) Pressure (Morning and afternoon) 

(d) Volume (Morning and afternoon) (e) pH 

 

RESULTS AND DISCUSSIONS: 

The following results show the three categories of wastes which were digested in batches.  

A. The effects of temperature changes on digestion of domestic wastes.  

Table 1: Temperature changes in the three categories of waste during   

Fermentation 

  Temperature(⁰C)  

Time(days) 

Poultry droppings 

&cassava peelings 

Poultry droppings 

&beans waste 

Beans waste &cassava 

peelings 

0 32.5 25.9 26.9 

2 31.0 24.2 27.5 

4 33.0 25.0 26.8 

6 33.0 24.6 26.0 

8 31.0 25.0 26.0 

10 33.5 26.0 27.8 

12 33.0 26.7 27.4 

14 33.0 24.2 27.5 

16 32.0 24.0 26.5 

18 32.5 24.0 26.4 

20 30.0 25.0 26.7 

22 31.0 24.7 26.5 

24 31.0 24.1 26.9 

 

As seen from the table, the temperature changes during digestion for poultry and beans, 

poultry and cassava, and beans and cassava are shown in degree Celsius.  
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Figure 1: Temperature changes during batch digestion of 3 categories of wastes. pc-poultry 

dropping and cassava peelings. bc-beans waste and cassava peelings. pb- poultry droppings 

and beans waste. 

 

For a better observation of the temperature changes, the same information is shown in graph 

in figure1 shown above.  
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From the graph of figure 1, it is seen that the waste combination of poultry droppings and 

cassava peelings had the highest level of temperature, followed by that of beans waste and 

cassava peelings while the combination of poultry droppings and beans waste had the lowest 

level of temperature.  Each of the three categories of waste combination presented varying 

temperature throughout the period under review as seen from the graph of figure 1. The 

highest temperature reached by the poultry dropping and cassava combination was 33.5⁰C 

while the lowest was 30⁰C.  The waste combination of poultry droppings and beans 

wastepresented highest temperature of 26.7⁰C and lowest temperature of 24⁰C.  Lastly, the 

waste combination of beans waste and cassava peelings had highest temperature of 27.8⁰C 

and a lowest temperature of 26⁰C. From the foregoing, it is seen that the activities of the 

bacteria involved in biogas production are temperature dependent. From figure2 below, it is 

seen that gas production reached its peak in poultry droppings and cassava peelings mixture 

reaching 36.2 l/kg/day on the 18
th

 day with a temperature of 32.5⁰C. Poultry dropping and 

beans waste also attained its highest gas yield of 29.1 l/kg/day on the same 18
th

 at a 

temperature of 24⁰C while the beans waste and cassava peelings had its highest gas yield of 

28.2 on the 22
nd

 day at a temperature of 26.5⁰C.These results obtained here agree with other 

researchers on the effect of temperature on biogas production.  

 

B. Pressure Changes during the Digestion of Three Different Categories of Wastes. 

During the digestion process, it was noticed that there were significant changes in pressure 

throughout the 24 days the process was monitored. The pressure changes during the time 

under review in the three different categories of wastes are shown on the table 2 below. 

Table 2: Pressure changes during fermentation 

  PRESSURE CHANGES 

Time(days) 

Poultry droppings& beans 

waste(mmHg) 

poultry droppings 

&cassava 

peelings(mmHg) 

Beans waste 

&cassava 

peelings(mmHg) 

0 53.0 84.0 63.0 

2 84.0 126.0 73.0 

4 84.0 117.0 73.0 

6 84.0 95.0 103.0 

8 84.0 95.0 41.0 

10 104.0 146.0 119.0 

12 126.0 166.0 145.0 

14 83.0 135.0 104.0 

16 42.0 113.0 62.0 

18 83.0 123.0 52.0 

20 63.0 104.0 82.0 

22 57.0 64.0 21.0 

24 20.0 94.0 62.0 
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For ease of plotting the graph, the unit mmHg was used but during the analysis the figures 

were changed to the SI unit of pressure, which is the Pascal(Pa). 

There is a strong relationship between pressure and the gas generation in the digestion 

process. This is evidenced on table 2 above. This better displayed on the graph on figure 2 

below. 

Fig 2: Pressure changes during the digestion of 3 different categories of wastes. BP- Beans 

wastes & poultry droppings& water, PC – Poultry droppings & cassava peelings& water. BC 

– Beans waste & Cassava peelings& water. 
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The pressure of the gas naturally obeys gas laws, expanding with increase in temperature and 

production of more gas from the digestion process. The pressure of the poultry droppings and 

beans waste mixture attained its highest level of 16,798.57Pa (126mmHg) on the 12
th

 day. 

The waste mixture of poultry droppings and the cassava peelings attained its highest pressure 

of 22131.45Pa (166mmHg) also on the 12
th
 day of the digestion process. The mixture of 

beans waste and cassava peelings also attained its highest pressure of 19331.69Pa 

(145mmHg) on the 12th day of the digestion process.   

It is pertinent to note that towards the end of the 24 days process of the digestion all the 

pressures presented by the three different categories of waste- poultry droppings and beans 

waste, poultry droppings and cassava peelings, and beans waste and cassava peelings treads 

off and decreases. This result has shown that pressure is of great importance in the production 

of biogas. 

 

C. Changes in pH during the Digestion of the Three Categories of Wastes. 

There were changes in the pH of the digester content during the 24 days the process was 

monitored. This is shown on table 3 below. 

 

Table 3: pH changes during fermentation 

  pH CHANGES 

Time(days) 

Poultry droppings 

droppings& beans waste 

poultry droppings 

&cassava peelings 

Beans waste 

&cassava peelings 

0 6.4 6.6 6.7 

2 6.6 6.7 6.8 

4 6.7 9.8 6.9 

6 6.9 6.9 7.0 

8 7.0 6.9 7.0 

10 7.1 7.0 7.2 

12 7.2 7.1 7.3 

14 7.3 7.2 7.3 

16 7.4 7.3 7.2 

18 7.2 7.4 7.2 

20 7.2 7.3 7.1 

22 7.0 7.2 7.1 

24 6.7 7.1 7.0 
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Fig 3: Changes in pH during the digestion of the three different categories of waste. BP- 

Beans waste & poultry droppings, PC–Poultry droppings & Cassava peelings, BC – Beans 

waste & Cassava peelings. 
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Biologically, the digesting microbes are being affected by the pH of the digesting medium. 

This affects the digesting microbes adversely. It also affects directly the volume of biogas 

produced in the process. Figure 3 shows this inference where all the three samples of the 

wastes – poultry droppings and cassava peelings, poultry droppings and beans waste, and 

beans waste and cassava peelings all presented a low pH within the first 8 days of the 

digestion. Within this period, the acid forming bacteria were busy breaking down organic 

matter and producing fatty acids. This brought all the pH below neutral. As the days 

progressed after the 8
th

 day, methane-forming bacteria dislodged the acid forming bacteria 

thereby pushing the acidic level down. From the figure, it could be seen that the maximum 

recorded pH of 7.4 was in the mixture of poultry droppings and cassava peelings. This was 

closely followed by the mixture of poultry droppings and beans waste, and cassava peelings 

and beans waste that gave a maximum pH of 7.3 each. From the 20
th
 day downwards the pH 

started declining in each of the three categories of waste. This shows again the rising up of 

the acid formers again. Incidentally, the gas production continued irrespective of this tread 

off. The result here is supported by the reports of other researchers.  

 

D. Total Gas Yielded by each Categories of Wastes. 

Table 4 below shows the volume of gas yield on daily basis by the three different categories 

of waste - poultry and cassava peelings, poultry droppings and beans waste, and cassava 

peelings and beans waste mixtures.  

 

Table 4:  Daily gas generation by the 3 different waste categories under batch Digestion in 

liters 

 

Time(days) 

Poultry droppings & 

cassava peelings(litre) 

Poultry droppings & 

beans waste(litre} 

Beans waste &cassava 

peelings{litre) 

0 0.0 0.0 0.0 

2 0.0 0.0 0.0 

4 0.0 0.0 0.0 

6 1.4 1.9 0.7 

8 2.4 3.3 1.2 

10 11.8 7.1 6.6 

12 18.8 8.9 8.9 

14 26.8 12.2 11.8 

16 34.8 17.9 23.5 

18 36.2 29.1 24.6 

20 33.8 28.2 27.7 

22 28.2 31.0 28.2 

24 29.6 28.2 24.0 

 

For convenience reason, the volume of gas measured in liters were plotted in liters but were 

finally converted to m 
3
during analysis which is the SI unit of volume. The following 

agricultural wastes combinations, poultry droppings and cassava peelings, poultry droppings 
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and beans wastes, and beans wastes and cassava peelings yielded a minimum of 0.224m
3 

, 

0.168 m
3 

, and 0.157 m
3 

respectively in 24 days. The graph depicting this table of the volume 

of gas produced by each of the three different categories of wastes - poultry and cassava 

peelings, poultry droppings and beans waste, and cassava peelings and beans waste mixtures 

is shown in figure 4 below.  

Figure 4: Daily gas yield during batch digestion of 3 categories of wastes. pc-poultry 

dropping and cassava peelings and water. bc-beans waste and cassava peelings and water. pb- 

poultry droppings and beans waste and water. 
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cyanide on the biogas production the mixtures containing cassava peelings did far better than 

expected. 

 

CONCLUSIONS 

Cellulose materials can produce biogas under anaerobic conditions. This study has shown 

that the pH of the slurry, its ambient temperature have major roles to play in thegeneration of 

biogas.  

The biogas produced flamed well even before being scrubbed ie before the impurities were 

removed. The biogas produced a blue flame. The result also shows that mixing nitrogen rich 

and carbon rich wastes at a presumed ratio produce more gas than carbon-carbon or nitrogen-

nitrogen rich wastes. 

Finally, care must be taking during seeding and start up procedure to ensure increased start up 

rate without digestion failure. 
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