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Abstract

Biogas yield and quality from cow and pig dung were evaluated. Two metal drums of capacity
2001t were used as biodigesters for the study. Slurry samples of mixture ratios of 1:1(80kg of cow
dung to 80lt of water ) and 1:2(40kg of pig dung to 80t of water) for the cow-dung biodigester
and the pig-dung biodigester, respectively. The biodigesters were maintained within the
mesophillic temperature range (25-40°c), at a retention period of 10days. The digesters were
painted black to enhance effective surface absorption of solar radiation during the day, with
occasional shaking of the digesters to prevent the formation of scum. Biogas yields from pig dung
were higher, with a mean daily yield of 0. 03m® than those from cow dung, which had a mean daily
yield of 0.02m3. Combustibility and flame characteristics of biogas samples produced from the
two biomass sources were monitored. Gas samples from the pig dung ignited readily with
characteristic clear blue and stable flames. Gas samples from cow dung were readily ignited, but
the flames exhibited dull blue characteristic. Clear blue and stable flames indicated biogas with
high methane content (> 50%) and high thermal energy content. Pig dung therefore was proven to
be a better alternative source for rural household energy needs, where poultry waste and other
methane-rich biogas yielding biomass are lacking. The use of water cylinders with inverted floating
cylinders as gas holder helped to clean the biogas produced by removing carbon dioxide, water
vapour, hydrogen sulphide and other incombustible gaseous compounds. ;
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Introduction

The dawn of industrial development brought with it a high demand for energy to sustain the fast
pace of development that resulted from the accelerated scientific activities. This let to research into
ways of exploiting alternative energy sources such as solar power, heat pumps, straw-burning
boilers, biogas from manure digestion, wind power, water power, etc. These techniques are more
likely to be cost effective when the amount of energy needed is consistent throughout the year.
Considering their financial viability and environmental friendliness, biogas from organic wastes is
the most appropriate. Its application in rural areas of developing countries can positively impact on
the standard of living and reduce deforestation which results from excessive use of wood fuel
(Lortyer et al., 2012).

Biogas refers to the gas produced by the biological breakdown of organic matter in the
absence of oxygen. It can be produced from locally available raw materials and recycled organic
wastes such as maize silage or biodegradable wastes which include sewage sludge, human and
animal wastes, municipal waste, green waste, plant material, crops and food waste. The digestion
process is accomplished by two types of bacteria, the acid-forming (acidogenic) bacteria which
break down biomass into volatile fatty acids and acetic acid and the methanogenic bacteria which
metabolize these compounds into a combmatlon of methane-rlch gas and an odourless
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phosphorous-nitrogen laden slurry (Obi et al 2012b). These bacteria operate under three
temperatures; psychrophilic temperature (< 25° C) mesophilic or ambient temperature (25-40°C)
and thermophilic temperature (45-60°C) (Uzodinma et al., 2007). Fluctuations in temperature can
result in either decrease in bacterial activity or death of bacteria, which subsequently leads to
decrease in biogas production (Uzodinma et al., 2007). Although anaerobic digestion can occur at
room temperature, any method of maintaining digester temperature near the optimum temperature
will increase digester performance. Thermophilc digestion is characterized by rapid fermentation,
high biogas yield and short residence time. The process is used for disposal of excreta and other
organic wastes because it achieves better disinfection. Salmonela and Mpycobacterium
paratuberclosis were reported to be inactivated within 24hours under thermophilic conditions
which led to decrease in biogas production (Uzodinma et al., 2007). Digestion at the mesophilic
range has the advantage of lower energy consumption as the decomposition of the feed stock is
slower. Fermentation under this temperature range also has the additional advantage of slower
death rate for specific bacteria resulting in more stability of the waste in the digester. Duran and
Speece (1997) reported the death of faecal coliform, Salmonella and Entrococcus to be slow under
the mesophilic conditions. Sahlstrom (2003) reported that it took months for the bacteria to be
inactivated under mesophilic conditions. Anaerobic digestion at ambient temperature is influenced
by earth temperature which is related to the atmospheric temperature and leads to decreased yield
of biogas production (Dioha et al., 2006). The required quantity of organic waste and water mixed
in the form of slurry is allowed to digest inside an air-tight tank or digester. The gas produced in the
digester is collected in the dome or gasholder.The biogas comprises primarily methane (CHy),
carbon dioxide (CO;) and traced amounts of hydrogen sulphide (H,S) and moisture (H,O) (Table
1). The percentage volume of each of the different compounds however depends on the type of
feedstock used for the anaerobic digestion process (Richards et al., 1994).

Table 1: Typical composition of biogas

Constituent Chemical formula Percentage (%)
Methane CHa 50-70
Carbon dioxide CO; 25-45
Nitrogen - N2 0.5-3
Carbon monoxide co 0-0.3
Hydrogen sulphide H2S Trace
Hydrogen H> 1-10

Source: Obi et al (2012)

Normally, when human or animal manure is left to decompose naturally, two main gases which
cause global warming namely nitrous dioxide (N>O) and methane (CHs), are released. Nitrous
oxide warms the atmosphere 310 times more than carbon dioxide and methane 21 times more than
carbon dioxide (Brown, 2006). The major advantages of converting manure to methane-rich biogas
via anaerobic digestion is that it helps to minimize emission of global warming gases and generates
enough electricity to meet up certain percentage of nation’s electricity expenditure (Webber and
Cuellar, 2008). Development of biogas technology in Nigeria would enable the use of wastes from
millions of cows, poultry and other domestic animals to generate billions of kilowatt hours (kwh) of
electricity, enough to power millions of homes across the country. In Nigeria, daily production of
fresh livestock waste has been estimated at 227,500 metric tonnes (Igboro, 2011and Ahmadu ef al.,
2009). In addition, Nwude et al (2010) estimated daily generation of municipal solid waste at 20 kg
per capita. Going by Nigeria’s 1991 population census figure of 88.5 million people, an estimate of
1.8million metric tonnes of municipal solid waste would be generated daily (Igboro, 2011). Given
that 1 kg of fresh livestock waste produces about 0.03m’ of biogas, Nigeria has the potential of
generating about 6.8 million mof biogas every day from livestock waste alone (Ahmadu et al.,

2009; Igboro, 2011). It has been estimated that one cow can produce enough manure in one day to
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Gas samples from the two digesters all ignited, but the burning flames of gas samples from pig
dung gas were blue and stable (Table 4). Although the gas samples from cow dung ignited and the
flames were stable, the colour was dull blue. The clear-blue and stable flame characteristic of
biogas from pig dung indicate high methane (CH,) content (> 50%) as well as high-thermal energy
content in the generated biogas (Abdulkareem, 2011). The dull blue flame characteristic exhibited
in the burning biogas from cow dung indicates low methane content (< 50%) in the produced
biogas (Igboro, 2011).

Table 4: Combustion test of biogas samples from cow and pig dung

Type of waste Average gas vol. (It) Average gas vol.(m°) Ignition, colour and stability
Cow dung 21.63 0.02 Easy, dull blue and stable
Pig dung 28.71 0.03 Easy, clear blue and stable

The findings of this study show that biogas produced from pig dung has higher methane and
thermal energy contents than biogas produced from cow dung. It is therefore a methane-rich biogas
yielding biomass that could serve as a better alternative source for rural household energy needs.

Plate 1a: Biogas plants for cow dung Plate 1b: Pig dung digestion

Conclusion

The results show the mean daily yield of biogas from pig dung to be 0.03m>, while the yield from
cow dung was 0.02m>. It is therefore obvious that pig dung is a better altematlve bioenergy source
where poultry waste and other high methane-rich biogas yielding biomass are lacking. The use of
water cylinders helped to clean the produced biogas by removing carbon dioxide, water vapour and
hydrogen sulphide present in the produced biogas. Gas flames from biogas samples produced from
pig dung were clear blue and stable, indicating high methane content (> 50%) and high-thermal
energy content. Biogas samples from cow dung, though all ignited and were stable, the flames were
dull blue, indicating that the biogas produced had low methane content (< 50%) and low thermal
energy content. Flames from cow dung gas samples showed low methane content(< 50%) as well
as biogas low thermal-energy content.
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