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Abstract 
 
The appropriate ratios of the prepared slurries were transferred into different digesters for the bio- 
degradation process, which are about third-fourth full, with the aid of a funnel, and the tubes were 
passed into a measuring cylinder as a gas collector inverted over acidified water in a plastic vessels. 
Mahogany produced a volume of biogas ranging from 6964 cm3 to 13,185 cm3, while Iroko 
produced a volume ranging from 5340 cm3 to 10,250 cm3. The amounts of soft woods produced 
ranged from 2465 cm3 to 6445 cm3 for Obeche and 3430 cm3 to 6990 cm3 for Araba. The results 
demonstrated that 2800 cm3 of Mahogany, 2400 cm3 of Iroko, 1200 cm3 of Araba, and 1130 cm3 of 
Obeche wood, respectively, produced the highest biogas with the maximum percentage of the 
seedling media materials (33% each) on the substrates (cassava peel and cow dung). In order to 
achieve dependable results as a substitute for renewable energy, it was discovered that the rate at 
which biogas yields is directly proportional to the quantity of the seedling materials. If loading with 5 
litres of slurry per day, the rate of biogas generation is found to be about 51.7 litters per day. 
When loading with 10 litres of slurry per day, the rate of biogas production increases dramatically to 
82 litres per day. When compared to biogas that is loaded at a rate of 10 litres per day, which has an 
average CH4 level of roughly 56.40 percent vol, the quality of the biogas is determined to be superior 
at 5 litres per day. 
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Introduction 

Society is today confronted with dwindling and depletion sources of fossil fuels and chemical 
feedstock, and battling with the proliferation of wastes generated by municipalities, agriculture and 
industries. The conversion techniques of renewable resources or wastes to chemicals and fuels by 
microbial fermentation through a biogas reactor represent a tremendous challenge for engineers in 
terms of global technological stance and the future ahead with respect to energy demand. Anaerobic 
biodegradation of cellulosic materials is a biological engineering process in which a methane-rich gas 
(biogas) is produced and slurry that has proven value as fertilizer and animal feed is left as a residue. 
Several works have been undertaken to improve biogas yield, such as the pre-treatment of waste 
feedstock, which includes preheating, milling, chemical treatment with sodium hydroxide, and other 
components. One of the major and relevant components of the process is the microorganisms that are 
responsible for the enzymatic or catalytic breakdown of the feedstock and the subsequent conversion 
of methane, carbon dioxide, and traces of hydrogen, nitrogen, and hydrogen sulphide. The use of 
media materials to ensure a higher concentration of these Micro-organisms would accelerate the rate 
of biogas yield by ensuring the passage of the three phases of gas production throughout the digester 
concurrently. This affects the startup characteristics of the process positively. The quantity and 
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quality of media materials such as synthetic materials, wood species, and limestone are to be 
expressed in percentage of total volume appropriateness. In general, the organic matter must be 
highly degradable to achieve a large yield of gas. Conversely, lower gas production rates would result 
from less biodegradable waste. This work introduces the use of cassava peels seeded with local 
Nigerian wood species: 1) two hard woods, namely Khaya species (Meliaceous family)— Mahogany; 
and 2) two soft woods, namely Triplochiton scleroxcylon—Obeche; and Cieba pentandra 
(Bombacaceae family)—Araba, as unique media materials. Types of Biogas Plant 

1) Integrated Continuous Plants 

These are used for small plants with capacities of up to about 14.16 m3 digester slurry volume. They 
have only one digester. The gas holder dome is directly over the digester slurry with the purpose of 
producing biogas for lighting, ironing clothes, cooking family meals, and biofertilizer for croplands 
and fish ponds. The plant is provided with a mixing tank, where the flesh slurry is prepared and 
charged into the digester. The sludge empties into a decantation tank. 

2) Split Continuous-Fed Plant 

These digesters are horizontally continuous-fed. Each digester is equipped with an inlet and outlet 
pipe. Several rows of digesters may be constructed with common sides, but each digester should have 
its own sump. A medium-sized split-continuous-fed plant has one floating dome gasholder, but a 
large plant has two or more. The gas holder forms a separate unit, and the carbon dioxide scrubber 
forms another unit. Biogas for use in internal combustion engines shall be passed through a hydrogen 
sulphide scrub. 

3) Stage Continuous-Fed Plant 

This plant has three chambers and can be used to generate biogas from night soil if desired. The night 
soil flows to the primary chamber while the wash water from the kitchen, bathroom, and laundry 
flows to the third chamber. The biogas is recovered from both the primary and secondary chambers; 
the latter produces much less gas. The most convenient manures to use are those that are dry, like 
poultry manure. The sludge moves from the primary chamber to the secondary chamber, then to the 
third chamber. Batch-Fed Plant 

Components of Biogas Plants 

1) The digester; 2) Heating digesters; and, 3) Gasholders. There are two types of gasholders namely; 
the fixed dome type and the floating type. The basic gas producing reaction in the digester is carbon plus 
water to give methane plus carbon dioxide. 

2C (g) + 2H2O(C) -CH4(C) +CO2 (G) 

Materials and Methodology 

Mahogany, Iroko, Araba, Obeche sawdust, cassava peels, cow dung, acidified water. 

Factors Affecting Biogas Production 

Various factors such as biogas potential of feedstock, design of digester, inoculums, nature of 
substrates, pH (PH range of 7.5 - 8.5), temperature, loading rate, hydraulic retention time (HRT), C.N 
ratio, volatile acids and other factors influence the biogas production. 
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Setting up the Digesters 

Sixteen (16) digesters were used for the anaerobic digestion process. In setting up a digester, an 
appropriate ratio of waste and distilled water is transferred into a digester that is about three-fourths 
full with the aid of a funnel. Next was the mechanical grinding of cassava peels using a clean mortar 
and pestle. Cow dung and cassava peels of 200 g each were seeded with 200 g of mahogany wood 
and mixed with 1200 cm3 of distilled water (1:2 w/v). The prepared slurry was transferred to digester 
A. Also, 200 g of cow dung and cassava peels each were seeded with 150 g of mahogany wood, 
mixed with 1200 cm3 of distilled water, and the resulting slurry was transferred into digester B. 
Similarly, 200 g of cow dung and cassava peels were mixed with 1200 cm3 of distilled water before 
being transferred to digester C. Finally, 200 g of cow dung and cassava peels each were seeded with 
50 g of mahogany sawdust mixed with 1200 cm3 of distilled water, and the resulting slurry was 
transferred into digester D. Similarly, the aforementioned experimental procedure analysis was 
carefully followed, as tabulated below, in the media composition of the digester slurries. 

Similarly, the loading of other digesters were as followed via Mahogany: A - D, Iroko: I - L, Araba: E 
- H, Obeche: M - P, respectively for the purpose of the research. 

Cp=U

 Q 
W 
 

D C(g) CP (%) W (%) Vw(cm P

3
P) Sw(g) 

A 200 33 33 1200 1800 
B 200 36 27 1200 1750 
C 200 40 20 1200 1700 
D 200 44 11 1200 1650 

 
 
 

Here, D is the digester; C is the cow dung; CP is the cassava peel; W is the wood; Vw is the volume of water 
and Sw is the weight of slurry. Table: -Media composition of digesters’ slurries (Mahogany: A - D, 
Iroko: I - L, Araba: E - H, Obeche: M - P). 

The Waste to Water Ratio (Slurry) 

A = 1:2 w/v E = 1:2 w/v 

B = 1:2.2 w/v F = 1:2.2 w/v C = 1:2.4 w/v G = 1:2.4 w/v D = 1:2.7 w/v H= 1:2.7 w/v I = 1:2 w/v M = 

1:2 w/v 

J = 1:2.2 w/v N = 1:2.2 w/v K = 1:2.4 w/v O = 1:2.4 w/v L = 1:2.7 w/v P = 1:2.7 w/v 

Where, w/v means weight of slurry per volume of water. 
 
Result and Discussion 

The results show that when using biogas as a fuel, a loading rate of 5 liters of slurry per day 
results in a better quality of biogas with CH4 around 58.75 percent volume compared to a 
loading rate of 10 liters per day, which results in a lower value of 
56.40 percent volume. There are four stages of biological and chemical anaerobic digestion: 
hydrolysis, acidogenesis, acetogenesis, and methanogenesis as the final stage. 

The CO2 contents of the biogas can be seen in Figure 6. The CO2 content of biogas was found 
to be lower for a loading rate of 10 L/day compared to a loading rate of 5 L/day, similar to the 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 10 Issue 02, February 2023  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

4 

CH4 content. After reaching the 20th day, the CO2 contents were found to be similar. 

The H2S contents in the biogas are presented in Figure 7. The H2S contents were found to be 
significantly higher at a loading rate of 10 L/day than at a loading rate of 5 L/day. The H2S 
contents were found to be very low for a loading rate of 5 L/day until the 20th day, when they 
were found to be comparable to a loading rate of 10 L/day. The critical condition appeared to 
be on the 20th day for a capacity of 500 slurry (50% cow dung + 50% water). After the 
second day, the biogas composition was found to be similar for all slurry loading rates. 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
Fig 1: The effect of loading rate of slurry to biogas 
production in the 500 liters of continuous 
anaerobicdigestion 
 

 
Fig 2: Methane (CH4) contents in the biogas in 30 days 

Table: -The effect of loading rate to biogas production rate as 
well as biogas composition in 30 days (1 month) with 
continuous system operation 
 
 
 

 
Fig: 3 Carbon dioxide (CO2) contents in the biogas in 30 days 
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Comparing digesters, A of mahogany and I of Iroko wood with the same quantity of seedling 
materials, digester A generated 615 cm3 of biogas and had its peak value of 2800 cm3, with a lowest 
value of 530 cm3 within days 37–40, while digester I, containing Iroko wood, generated 400 cm3 and 
had its maximum value of 2400 cm3, with 330 cm3 at the least. Likewise, the comparison of the rate 
of biogas produced from digester B of mahogany wood started at 490 cm3 and attained its maximum 
value within 13–16 days of 2480 cm3, while digester J began with 340 cm3 and rose to a peak value 
of 2010 cm3 with low biogas produced. 
 

 
Table 1: Volume of gas produced between mahogany and iroko woods 
 
It was obvious that the results of the volume of gas production from eight digesters of various 
quantities of media materials were shown in the table above. Comparing digesters E of Obeche and M 
of Araba wood with the same quantity of seeding materials (200 g), digester E commenced its 
production at 260 cm3 and had its peak volume of 1130 cm3 and a lowest value of 170 cm3 within 
days 37–40, while digester M containing Araba wood started its biogas production at 280 cm3 and 
has its maximum volume at 1200 cm3 with 200 cm3 as the low. 
 
 

Table 2: Volume of biogas yields between Obeche and Araba woods. 
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Table 3: Volume of biogas produced from various concentrations of Mahogany, Iroko, Araba and Obeche media. 

Conclusions 

For the 500-litre anaerobic digester made of stainless steel that is operated in a continuous system, the 
biogas production rate will be around 51.7 liters per day if the loading rate of slurry is 5 liters per day. 
The biogas production rate will increase to 82.0 L/day if the loading rates of the slurry are increased to 
10 L/day. The slurry is made from cow dung (50 percent cow dung plus 50 percent water). 

The quality of biogas is higher for slurry loading rates of 5 liters per day, with an average CH4 
content in 30 days of around 58.75% vol. Increasing the slurry loading rate to 10 liters per day reduces 
the average CH4 content in 30 days to around 56.4% vol. 
 

The search for alternative energy sources such as biogas should be intensified so that ecological 
disasters like deforestation can be solved. This paper has shown an increase in the production of 
biogas through the use of varying quantities of seedling materials (wood species). The various 
concentrations of the two hard woods (Mahogany and Iroko) are regarded as the most reliable and 
strong woods in an African setting, exhibiting better characteristics in accelerating biogas yield than 
the two soft woods (Araba and Obeche) that top their species. However, among the tested wood 
species, mahogany wood stood out for its unique content in generating the highest rate of biogas 
production. To obtain a reliable result, the rate of biogas production was directly proportional to the 
quantity of seedling materials. 
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