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• Abstract 
Energy rich gases, (methane, hydrogen) are produced by anaerobic 
fermentation of human wastes and plants. This reaction is carried out in a 
biogas plant. The rate of gas production can be increased by continuous 
feed, constant stirring, quality, moisture content, temperature and type of 
feed material. The major product obtained is methane, which is 0% to 80% of 
the biogas. The gas is collected and used for household lighting; cooking; to 
produce electric power for (he phinls etc., while the slurry can he used for 
agricultural purposes. Thus the paper discussed in detail some raw materials 
for biogas production, the biogas plant, and the concepts of anaerobic 
fermentation. It also deals with the biogas, its production rate, yield, 
collection and uses. 

Introduction 
The increasing cost of petroleum-based fuels has given rise to a search for alternative sources of 

energy. This coupled with a growing concern for environmental pollution control has resulted in attention 
being drawn to a process of methane production by fermentation of farm and human wastes (Feachem, 
Garry M.C and Mara D, 1977). The growing urban population, coupled with reduction of waste disposal 
sites and the inability to retrieve and reuse waste materials economically, have resulted in the current 
heaps of municipal solid wastes along the streets and in market dump sites and inside water drain in 
urban area. (Audu, Tok, Aisien P.A., and Eyawo 2003). Apart from the serious environmental 
nuisance constituted by these wastes especially when collection from dumpsilcs (s delayed, (Eyawo, 
2003) other associated problems include pollution of land, air, and surface and under ground water, 
blocking of side drain, consumption of land fills. Good breeding ground for disease vectors such as 
flies and mosquitoes (Edward, 1983). The means for biogas production aims, first of all, at maximizing 
the yield of methane and also at the decomposition of pollutants. 

In recent years, the emphasis has shifted to the point where special; particularly fast growing 
plants arc cultivated solely for the purpose of biogas production. The special purpose of cultivation of 
plants with the objective of energy production (Energy Farms) is confined to certain climate, zones 
and countries with sufficient available land area suitable for agricultural use. Of considerable interest 
are the efforts devoted to the production of biogas from vegetative plants such as water hyacinths or 
seaweed (Schroeder, 1977). 

Anaerobic fermentation of this biomass in the presence of microorganism results in the 
production of biogas (Ogbeide and Asisien, 2000). The fermentation process takes place in a unit, 
which has come to be known as the biogas plant. The plant accepts waste material or agricultural 
products, which fervent or digests without access to oxygen to produce the biogas, which is a mixture of 
largely methane and carbon dioxide. 

The gas is collected and may be used as fuel for household lighting, and cooking. In large 
plants, digester gas may be used as fuel for boiler and internal combustion engines. The effluent from 
the digester can be used as fertilizer on a dry solids basis. 

Raw Materials for Biogas Plant  
Sewage from sanitary sewers consists of the used water from the water supply of 

the-community together with extraneous matter that has been added to the water. Substances originally 
present in the water are therefore present in the sewage and the dissolved mineral solids from hard 
water region. The material added to the water consist principally of urine, faeces, paper and some 
garbage from water closets, soap, detergent, grease, extracts of meat and vegetables and waste food 
from kitchen sinks soap, detergent, grease, dirt, skin excretions and tissue from baths and laundries 
(Camp.-. 1977). Special fast growing plants are also cultivated solely for the purpose "of biogas production. 
Other waste materials for biogas production are piggery effluent, poultry manure, beef and dairy cattle 
manure, cassava peels, and olive oil mill processing waste. 



The Biogas plants 
This is a tank used to contain biosolids during the anaerobic digestion process. H consists of a large 

chamber constructed particularly below ground level and particularly portioned by a central wall. The 
waste material, mostly cow dung, is diluted with water (1.1) and daily fed through the inlet pipe to the bottom 
of the first two partitioned sections (Feachem , Garry M.C & Mara D 1977). The temperature determines the 
hydraulic retention time {HRT} and hence the size of the digester. A run at ambient temperature [12°c] and 
30 day HRT gave 8m3 of biogas per day from the 60m3 digester. 

Anaerobic Fermentation 
This is simply a natural process, which occurs when living matter dies and decomposition lakes 

place. It is a biochemical reaction carried out in a number-of steps by several types of bacteria in llie absence 
of oxygen. This process is widely used for the treatment of organic sludge from municipal waste-water 
treatment of organic sludge. 

Anaerobic fermentation of this biomass in (he presence of microorganism results in the production 
of biogas (Ogbcidc and Aisien, 2000). Among these are the formation of useful products such as methane gas 
humus like slurry, which is well suited for land reclamation [James, 1978]. 

The waste mater is broken down by a two stage bacterial process as follows: 
1. The organic matter is degraded by bacterial action / bacteria which produce volatile acids mainly 
acetic acids. 
2. The formation of methane formers. 
The anaerobic digestion process has been applied to many agricultural and processing wastes, for example 
piggery effluent, poultry manure, beef and dairy cattle manure, cassava peels e.t.c. 

The Biogas 
The most valuable component is methane (CH4), which constitutes 50-60% of the biogas 

produced. Carbon dioxide makes up much of the remainder with amounts of nitrogen, Hydrogen , 
oxygen and Hydrogen sulphide are to be expected .Higher proportion 60%-65% of methane in biogas are given 
off by human and poultry excreta .Carbon dioxide is the second gas in quantity and it ranges from 15 to 20% of 
the gas production ( parker, 1975 ) .The overall conversion can be  represented with following equation : 
Ca H b Oc N d ...... n CWH , Oy N x + mCH4 +SCO2 + rH2O + (d -nz) NH 3 
Where s= a — nw — m r   = c 

— ny~2s. 
The terms CaHbOcNd and CwHxOyNz are used to represent on a molar basis the composition of the material 
present at the start and end of the process. (Tchoanogloos, et al 1977) 

Production   Rate 
The amount of gas produced and the rate at which it is given off can- be increased by certain 

conditions, which are favourable for rapid growth of the microorganisms. The rate of gas production can be 
increased by continuous feed and constant stirring; other factors include the quantity, moisture content and 
type of feed material .The production rate of methane can also be increased by adding human urine to cow 
dung. This is to lower the carbon to nitrogen ratio , which has been determined as being best al 30: 1 .Human 
excreta is relatively high in Nitrogen content (5% — 7%) as compare to cow dung (1.7%) 

 
(Feachem, Garry M.C and Mara D 1977) 

Hence the yield of biogas from human excreta is almost double that of the plant operated solely on 
cow dung .The amount of produce varies with the amount of organic waste fed to the digester. The rate of 
decomposition (and gas production) is influenced by temperature. 

Gas Yield 
Gas yields are sensitive to a variety of conditions such as temperature, mixing, influent, feed 

characteristics and the like. The volume of methane gas produced during digestion process can be estimated 
using the formula below: 

VCh4   =(035m3/kg(LEQS0(103gIkgr1>L42(Px) Where VCu4 
= volume for methane production m3 per d. 0.35 ~ theoretical 
conversion of 1 kg of BOD;, Px = Net Mars of cell tissue produced per 
day kg/d 

Gas production can be fluctuating over a wide range, depending on the volite solid contents of sludge, 



feed and biological activity in the digester. Excessive gas production rates can sometimes occur during start 
up. (ins production can be crudely estimated oil a per capital basis. The normal yield is 15 to 22nv! / I 0 l  
person - d (Tehobnnogloos, 1979) 

Gas Collection 
The gas is trapped by an inverted drum placed on the liquids surface. The drum rises as gas is 

produced and trapped, acting as a gas storage chamber. Gas and air must not be allowed to mix or an explosive 
mixture may result. 

Gas Utilization 
One cubic meter of methane at standard temperature and pressure has a net heating value of 

35,800KJ/m3. Since digester gas is only 65% methane, the low heating value is approximately 22,400KJ/m3 
Digester gas may be used as fuel for boiler, and internal combustion engines which are in turn used for 

pumping waster, operating blowers and generating electricity. Hot water from heating boilers or from engine 
jackets and exhaust-heat boilers may be used for sludge heating. Biogas may be burned as fuel by engine 
generation to produce electrical power for the plants. Heat recovered from the engine coolant and exhaust 
provides heating for the plant and the digesters. Biogas fire boilers may be provided for supplemental heat 
when necessary. 

Effluents from Biogas Plant 
The slurry, the effluent from the digester can be used as fertilizer on a dry solids basis. The cattle 

dung feed is approximately 1.7% of nitrogen where as the effluent contained about 2%nitrogen, Anaerobic 
digestion does however convert influent plant nutrients such as nitrogen and phosphorus to chemical forms 
which as more readily taken up by plant life. 

Safety Guides in Handling Biogas 
As anaerobic digestion relies on a mixed population of bacteria of largely unknown origin, but 

often including animal wastes, to carry out the waste treatment process care should be taken to avoid contact 
with the digester contents and to wash thoroughly after working around the digester (and particularly before 
eating or drinking). This also helps to minimize the spread odours, which may accompany the digestion 
process. The digestion processes thus, reduce the number of pathogenic (disease causing) bacteria 
particularly at higher operating temperatures, but the biological nature of the process need to be kept in 
mind. (Harris, 2004). 

Asphyxiation 
Biogas consists mainly of CH4 and CO2, with low levels of H2S and other gases. Each of these 

components has its own problems, as well as displacing oxygen.CH4 is lighter than air (will collect in 
roof spaces etc), and explosive. CO2 is heavier than air (will collect in sumps etc) slightly elevated levels 
affect respiration rate; higher levels displace oxygen as well. H2S (rotten egg gas), destroys olfactory 
(smelling) tissues and lungs. Adequate ventilation, suitable precautions and adequate protective 
equipment will minimize the dangers associated with biogas, making it a good servant rather than a bad 
master. (Harris, 2004). 

Conclusion 
Fuel can be generated from animal waste and plant. This process provides alternative source of 

energy generation and offer an economic solution to environmental pollution control. The production 
rate of gas is dependent on the temperature, mixing, influent feed characteristic and the like. The heating 
value of the gas produced is 22,400KJ/m3. The gas can be used for household lighting and cooking, and the 
slurry can also be used for agricultural purposes. It is also recommended that biogas plants used for 
agricultural purposes. It is also recommended that biogas plant should be located on household basis and on a 
unit in industries to avoid the pollution effects of open dumpsites and satisfy the guest for alternative source 
of energy. 
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