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Abstract 

Nigeria plays an important role in the development and propagation of 

renewable energy technology. The production of biogas is of growing 

interest as depletion of fossil-fuel resources. Although the production of 

biogas through anaerobic digestion is not a new idea, commercial 

anaerobic digestion processes are often operated at well below their ideal 

performance due to a diversity of factors. The study designed a domestic 

biogas plant, which if adopted can reduce the bioenergy consumption by a 

significant percentage. From the research and design, a family in rural area 

with between 5 to 10 cows can produce a minimum of 2 to 3 m3 of gas which 

is adequate for lighting and cooking needs of a rural family with an average 

of 4 to 6. However, there exists a dearth of literature on the design 

considerations that would lead in the development of anaerobic digesters 

aimed at creating useful commodities from the ever-abundant bio-waste. 

Consequently, this paper provides the important issues and analyses about 

the design of a household anaerobic digester.  
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Introduction 
Energy generation from animal wastes 

by anaerobic digestion has attracted 

much attention in recent years because 

of the oil crisis. With the increasing 

world population and limited reserves 

of fossil energy resources biogas 

plants are one of the possible choices 

as alternative sources to meet future 

energy demands (1). Animal and plant 

wastes are abundant especially in rural 

areas. Biogas can be produced from 

plant wastes as a substitute for fossil 

fuels (2). Biogas technology can 

therefore play a vital role in reducing 

the country’s reliance on imported 

petroleum fuels as well as facilitating 

easy, cheap and flexible access to 

energy by the Nigerian population. It 

reveals  that  use  of  cattle  dung  as  a  

fuel  gives  higher  energy  and  

economic returns  than  its  use  as 

manure (3). Household biogas 

digesters are a boon to low-income 

and rural people. The developed 

portable-textile digester can reduce 

the consumption of fossil fuels such as 

LPG and kerosene by replacing with 

biogas (4). These digesters help in two 

ways: one is to reduce waste and the 

other is to provide valuable energy (5). 

Raw materials  for biogas  

fermentation  such  as cow  dung,  

poultry  waste,  water  hyacinth,  

straw,  weeds, leaf,  human  and  

animal  excrement,  domestic  rubbish  

and industrial  solid  and  liquid  

wastes  are  easily  available  in 

Nigeria (6, 7). In Nigerian scenario, 

food waste can become a good 

feedstock for biogas production at 

Nigerian households instead of going 

to the dump yards or being burnt along 

with plastic/polythene cover (8). Low 

due to  lack  of  technical  know-how,  

improper  selection, poor supervision,  

defective  components,  lack of a  

suitable  model  non-involvement  of  

private entrepreneur-nongovernment 

organizations, poor planning  and  

inadequate  monitoring are factors 

affecting the construction of the 

biogas plant (9, 10). In choosing a 

retention time for a biogas digester 

sizing, care should be taking to 

consider the impact of the digested 

feedstock on the environment as 

improper handing pose as a potential 

health risk (11). The   ideal 

temperature for biogas is around 35°.  

The temperature in Nigeria usually 

varies  from  9°C   to 33°C or more. 

But the inside  temperature  of  a  

biogas  digester  remains    at  22°C-

30°C,    which    is    very    near    to    

the    optimum requirement.  So, from 

environmental perspective Nigerian 

condition is more efficient to produce 

biogas (12). The payback period for 



221  africascholarpublications@gmail.com                                                                               

 2022 
 

the biogas digester is small and also reduction in environmental hazards (13). 

Technical  problems  of  the  digesters  include  a lack  of  trained  operators,  

poor  equipment  design and  failure  to  feed  the digester  regularly (14). high  

installation,  Operation  and  Maintenance  (O&M)  costs,  are  highly  dependent  

on MSW  treatment  fees (15). Poor quality and unreliability of biogas 

installations. High cost. Leakage of biogas (CH4) due to poor design and 

construction of digester. Socio-cultural and religious taboos on the use of gas 

and bio-slurry from night soil based plants (16).  

The end users of biogas systems in most cases are farmers whose technical 

knowledge of the systems is limited. It is therefore important that material be 

availed to them which can assist them in making the decision whether to 

proceed with installation or not without having to hire professionals at a very 

early stage. The objectives of this study were to develop literature that could be 

used by laymen to assess the viability of installing biogas units and to size the 

biogas units with reference to a selected numbers of cows. A number of existing 

designs were analyzed and the floating drum design was developed in this study.  

 

BIOGAS PRODUCTION  

 Biogas technology provides alternate sources of energy in rural Nigeria, a 

hailed as an appropriate technology that meets the basic need for cooking fuel 

in rural areas. Biogas is produced as landfill gas which is produced by the 

breakdown of biodegradable waste inside a biogas plant due to chemical 

reactions and microbes, or as digested gas, produced inside an anaerobic 

digester. A biogas plant is the name often given to an anaerobic digester that 

treats form wastes or energy crops. It can be produced using anaerobic digesters 

(air-tight tanks with different configurations).These plants can be fed with 

energy crops such as biodegradable wastes including sludge, sewage and food 

waste. During the process, the microorganisms transforms biomass waste into 

biogas (mainly methane and carbon dioxide) and digestate. The bio gas is a 

renewable energy that can be used for heating, electricity and many other 

operations that use reciprocating internal combustion engines, such as 

Caterpillar gas engines.  

 

BIO DIGESTER  

The bio digester is a physical structure, commonly known as the biogas plant. 

Since various chemical and microbiological reactions take place in the bio 
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digester, it is also known as bio-reactor or anaerobic reactor. The main function 

of this structure is to provide anaerobic condition within it. As a chamber, it 

should be air and water tight. It can be made of various construction materials 

and in different shape and size. Construction of this structure forms a major part 

of the investment cost.  

 

WORKING PRINCIPLE  

Biogas is made in a biogas digester. It is a large tank filled with bacteria that 

eats or digests organic waste and gives a flammable called Biogas. The bacteria 

in the biogas digester need to be cared for like you would care for an animal if 

the bacteria have too much or too little food they get seek. Feed the bacteria 

every day with a mixture of waste and water. In addition to biogas the waste 

water may be poured over biogas plant to help them grow. The main part of a 

biogas system is a large tank or digester. Inside this tank, bacteria convert 

organic matter in to methane gas through the process of anaerobic digestion. 

Biogas system feeds the digester with biodegradable wastes such as kitchen 

waste, manure, sewage, sludge and manure from livestock. Waste that has been 

fully digested exits the biogas system in the form of organic fertilizer. The 

composition of biogas as given in Table 1.  

  

Table. 1. Composition of Biogas         

Substance   Symbol   Percentage   

Methane   CH4   0-70   

Carbon di Oxide   CO2   0-40   

Hydrogen   H2   5-10   

Nitrogen   N2   1-2   

Water Vapour   H2O   0.3   

  

DESIGN METHODOLOGY  

 The data for the design features, daily dung fed, gas supply hours and number 

of gas connections were collected from plant records. The data were collected 

during the summer months in ambient temperatures of about 40°C. Samples of 

cattle waste were collected from  the  plants  and  analyzed  for  total  solid  (TS)  

and  volatile  solid  (VS) percentage. The average value has been utilized for 

computing the feeding rate (kg VS/day).  The  data  have  been  computed  for  

the plant  utilization factor,  retention  time,  feeding  rate,  biogas  produced  
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and  biogas  yield. Attempts have been made to compare the data with existing 

literature.  

 

DESIGN PARAMETERS  

 To design the volume of plant, requirement of gas per day, number of cows 

available, hydraulic retention time (HRT) and total solid (TS) content were the 

factors of interest. Most favorable TS value desired is 8% and HRT is greater 

than 20 days.  

The various dimensions of a biogas digester are as follows, Volume of gas 

collecting chamber (Vc), Volume of gas storage chamber (Vgs), Volume of 

fermentation chamber (Vf), Volume of hydraulic chamber (VH), and Volume of 

sludge layer (VS).  

Total volume of digester V = VC + Vgs+ Vf+ VS  

 

DESIGN CALCULATION  

 The number of cows per household is assumed as 8. The amount of dung per 

cow is assumed as 10 kg.Geometrical dimensions of cross sections of the biogas 

digester was given in Table 2.  

 

Table. 2. Geometrical dimensions of biogas digester  

For Volume 

Vc ≤ 5% V   

Vs ≤  15% V   

Vgs + Vf =  80% V   

Vgs = VH   

Vgs = 0.5 ( Vgs + Vf+ Vs ) K   

Where K = Gas production 

rate per m3  

For Geometrical Dimensions  

D=1.3078 × V1/3  

V1=0.0827 D3   V2 = 0.05011 D3      

V3 = 0.3142 D3   

R1= 0.725 D     R2= 1.0625 D  f1 = D/5             

f2 = D/8   

S1 = 0.911 D2     S2 = 0.8345 D2  

digester volume per day. For K = 0.4 m3/m3d.  

Total discharge = 10 kg × 8 = 80 kg/day  

TS of fresh discharge = 80 kg × 0.16 = 12.8 kg.  

In 8% concentration of TS (To make favorable  condition )  

8 kg. Solid = 100 kg. Influent  

1 kg. Solid = 100 / 8 kg influent  

12.8 kg Solid = 100 × 12.8/ 8 = 160 kg. Influent.  

Total influent required = 160 kg.  



224  africascholarpublications@gmail.com                                                                               

 2022 
 

Water to be added to make the discharge 8% 

concentration of TS=   160 kg – 80kg. = 80 kg  

Working volume of digester = Vgs + Vf  

Vgs + Vf= Q.HRT= 160 kg/day × 40 days = 6400 kg = 6.4 m3  

From geometrical assumptions:   

Vgs + Vf = 0.80 V    Or  V= 6.4/0.8 = 8.0  m3.  &   D = 1.3078 V1/3 = 2.6 m.   

Again V3 = (3.14 × D2 × H) / 4   (From Table. 2, V3 = 

0.3142 D3) H = (4 × 0.3142 D3) / (3.14 × D2) = 1 m.  

From geometrical assumptions:  

f1 = D/5 = 2.6/5 = 0.52m      f2 = D/8 = 

0.325m R1 = 0.725 D = 1.885 m      R2 = 

1.0625 D = 2.7625 m  

V1 = 0.0827 D3 = 1.45 m3      Vc = 0.05V = 0.4 m3  

  
Fig.1. Geometrical dimensions of the cylindrical shaped biogas digester body  

 

FABRICATION OF BIOGAS DIGESTER  

From the  literature  review,  it  is  found  that  Biogas plant  system  with  proper  

modifications  is  efficient  in producing biogas. The material used for the 

construction of the biogas digester was purchased from the local market. The 

substrate  used  for  comparing  the working efficiency of different  types  of  

biogas  plants  was cow dung diluted with water to adjust  the  solid content  of  

the  slurry  to  16%.  The loading rate of fresh dung was kg/m3 per digester per 

day. The volume of biogas produced was recorded in m3/day. Fig.2 shows the 

proposed fabricated biogas digester based on the above said design 

considerations.   
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Fig.2. Layout of fabricated biogas digester  

 

CONCLUSIONS  

The biogas energy, one of the important options, which might gradually  replace 

the oil in facing the increased demand for oil  and may be in an advanced period 

in  the coming century. The biogas production from animal manure and 

agricultural biomass is of growing importance as it offers considerable 

environmental benefits and is an additional source of income for farmers. A 

design technique for sizing an anaerobic digestion system was presented in this 

paper.There is considerable scope in improving the performance of these 

digester models by making design changes such as eliminating the dead volume 

and sizing the plant appropriately. Biogas market creation and scientific 

breakthroughs are needed to meet biogas technology challenges which Nigeria 

is facing currently. Otherwise there is a huge potential for biogas technology in 

the country. There is need to utilize biogas technology and/or other renewable 

energy sources in combinations for Nigerian as well as global bright energy 

future.  
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