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The aim of this study was to investigate the biogas yield at
different ratios. Biogas generation in Nigeria has been an
alternative area of research towards energy generation due to the
energy problem faced by the country and an alternative method
for waste management through waste to wealth programme of the
government. Anaerobic digestion (AD) of livestock and poultry
manure to produce biogas can not only improve environmental
problems, but also effectively utilize waste. In order to maximize
the resource utilization of livestock and poultry manure, the AD
experiments of mixing cow dung, human faecal waste and poultry
droppings. Earlier studies on biogas production were carried out
using poultry droppings, cow dung and swine waste under the
following conditions: temperature of between 30°C and 32°C,

slurry concentration of 9.0x10% mg/l and pH of 5.8 - 7.2 for all the
wastes. This study is focused on biogas production from human
faecal waste, poultry droppings and cow dung. 150 g of each waste
was weighed out and subjected to anaerobic digestion at a
temperature of 322C, concentration of 8.0x10% mg/l and pH of 5.0
- 7.2. The wastes were seeded with partially digested human
faecal waste. Results showed that biogas production was greatest
in the seeded waste of a mixture of human faecal waste, poultry
droppings and cow dung to a volume of 220 ml at a slurry
concentration of 7.7x105 mg/1.
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INTRODUCTION

Waste management and the recycling of waste is rapidly
achieving major importance for essentially these two
reasons; to maintain the acceptable environment free
from excessive pollution on the ground, inside the river
and in the air; and to ensure the scarce and more costly
raw materials and energy, since the enhancement of
environmental quality is an accepted national goal
(Castrillon et al, 2017). Waste products of our
industrialised society can be used to provide fuels for
electric power and stem plants. The waste most
importantly comes from animal manure, poultry droppings
and human faecal waste. Biological waste treatment
could be by aerobic or anaerobic process. Aerobic
digestion requires energy from an external source to
supply the oxygen needed for aeration in order to
enhance microbial activities of breaking down the organic
contents of the waste while anaerobic digestion takes
place in the absence of oxygen and the energy required
in the breakdown of organic contents of the waste is to be

supplied by the whole process (White, 2013; Krishania et
al., 2013).

Anaerobic processes work most economically as a
partner of aerobic processes rather than as a
replacement because unless the whole stabilized waste
can be disposed of, the breakdown process will have to
be completed by standard aerobic treatment (Winkler,
2011; Flesch et al, 2016). Biogas production from
organic waste is essentially the conversion of volatile
fatty acids, amino acids and alcohols to methane and to a
lesser extent, carbon dioxide and traces of hydrogen
sulphide. The conversion is carried out strictly by the
anaerobic and acid sensitive methanogens (Hobson et
al., 2010; Li et al., 2012 and Lopes et al., 2014). Biogas is
of considerable value on a local level and particularly in
the operation of waste treatment plants.

The most relied source of energy in Nigeria is water
and crude oil. The energy from water is used to supply
electricity and the energy from crude oil is used to drive
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vehicles and plants in industries. With the rise in
industrialization, these sources may either be exhausted
or may not be enough. Therefore, the need for an
alternative source of energy is important. There is also
need for an improvement of the environmental conditions
in both urban and rural areas; reuse and recycling of
resources; and production of organic fertilizer. All these
call for alternative means of sourcing for energy.

MATERIALS AND METHODS

Human faecal waste, poultry droppings and cow dung
were used for this research. The wastes were collected in
different air tight bags to avoid contamination during
transportation. Other materials used include conical
flasks, glass tube mettle PC 2000, pH meter, KOH
solution and measuring cylinders. The method used was
downward displacement of water in the measuring
cylinder by the methane gas produced.

Volatile solids content determination

The volatile solids content of the three wastes were
determined in order to know the biodegradable portion of
the wastes which actually produced the biogas needed.
In achieving this, 15 g of each waste was subjected to a
temperature of 105°C in an oven for 24 h. The dried
sample was weighed and recorded. It was then ignited in
a muffle furnace at 550°C for a period of 25 min (APHA,
1985); Arthur et al.,, 2016 and Harikishan and Sung,
2003). The ashes that remained was weighed and the
loss in weight on ignition was calculated using the
equation:

v. =~ W x 1000
5 W1 0

Where

W, = weight of dried sample
W, = weight of ashes
Vs = volatile solids in %

Trial experiments

The first trial experiments were performed by making use
of the three wastes collected. Slurry sample of each
waste was prepared separately by adding distilled water
to a 240 g of fresh waste to make a volume of 300 ml
thus having a slurry concentration of 8.0x10° mg/l. The
samples were then fed into tin digesters with each waste
type in a separate tin. Each tin was then connected
separately to a flat-bottomed flask of 500 ml containing
100 ml of 2M KOH solution through glass and rubber
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Figure 1. Schematic diagram of laboratory bench digester.

tubing connection. The flask was then connected to 1000
ml measuring cylinder inverted over a beaker containing
ordinary water (Figure 1). The difference in the level of
water in the measuring cylinder as a result of downward
displacement of the water was used to measure the
volume of biogas produced. Experiment was setup to
determine the biogas yield from anaerobic digestion of
wastes. The wastes were mixed in the proportion as
shown in (Table 1). The total mass, the volume of slurry
concentration of different waste mix used is also shown in
the (Table 1). The laboratory digester was then set-up as
done in the trial experiments with all the procedures and
conditions kept the same except the slurry sample
preparation which is in accordance with the content of
(Table 1). The biogas yields studied and measured for 12
different observations were recorded which shows
patterns of biogas vyields of different waste mix
proportion.

RESULTS AND DISCUSSION
Volatile solids content

The results of the average values of volatile solids
contents of the three wastes are shown in (Table 2). The
content for cow dung can be attributed to the type of feed
consumed by the animal which is not easily digested by
micro-organisms during anaerobic digestion as a result of
lignin; that of poultry droppings is low when compared to
that of cow dung due to the easy digestion of the waste
by microorganisms (Heuzé et al, 2017). The volatile
solids content of human faecal waste is lower than that of
poultry droppings due to the type of feed taken by human
beings which contains no lignin.

The results show that carbon to nitrogen ratio, moisture
and volatile solids contents of waste are part of the things
that determine the average yields from anaerobic
digestion wastes. The difference in the amount of carbon,
nitrogen, moisture and volatile solids contents of the
different waste is attributed to the difference in the food
consumed. Wastes mixed together when subjected to
anaerobic respiration produce high biogas compared with
individual wastes. This is because the nutrients not supplied
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Table 1.Total mass, volume of slurry and slurry concentration of different waste mix.

Quantities 1 2 3 4
Wastes (W) Hi+ Pi+ Hg Hi+ Ci+ Hyg Hi+ Ci+ P+ Hg Hr+ Hg
Mix Ratio (Mr) HfZ PfZ Hd Hd . Cf : Hf HfZ Cf . Pfi Hd Hfi Hd
Total Mass of Waste (m) g 150 150 170 150
Concentration of Slurry mg/l (C)  7.5x10° 7.4x10° 7.7x10° 7.4x10°
Volume of Slurry ml (V) 200 205 220 205

H: = fresh human waste; P; = fresh poultry droppings; C: = fresh cow dung; and Hq =
partially digested human waste.

Table 2. Volatile Solids Contents of 3 Different Wastes.

Animal Average value of volatile solids content (%)
Cow 76.01
Poultry 69.42
Human faecal waste 66.02
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Figure 2. Cumulative human faecal waste, poultry droppings and cow dung
biogas production.
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Figure 3. Cumulative biogas production from different waste mixtures.
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by one waste can be supplied by the other creating an
enabling environment or medium for high and continuous
biogas yields. The exception to this is the mixture of
human faecal waste and cow dung.

All the conditions necessary for sufficient biogas
production were strongly taken into consideration with the
exception of Potassium Hydroxide (KOH) which wasn’t
strong enough to absorb all the carbon (iv) oxide
produced. Thus, the methane produced was not pure
which is why the product is referred to as ‘Biogas’. Figure
2 shows that human faecal wastes only produced more
biogas (1.80 mg/l) than the cow dung (1.20 mg/l) and
poultry droppings 0.59 mg/l). While Figure 3 presented
the cumulative biogas production from varying co-
digestion of three wastes; mixtures of poultry droppings,
Human faecal wastes and cow dungs produced higher
biogas (3.0 mg/l), Poultry droppings and human faecal
wastes produced 2.50 mg/| of biogas. The combination of
Human faecal wastes (fresh and partially digested)
produced biogas of 0.5mg/l while human faecal wastes
and cow dung produced zero biogas.

Conclusion

It can be concluded that the quantity of biogas yielded
from human faecal wastes only, produced more biogas
than the cow dung and poultry droppings while mixture of
same proportion of human faecal wastes and cow dung
produced zero biogas. Finally, biogas technology if
properly implemented will allay the problems of
dependence on imported commercial fuels and lessen
the problem of deforestation, thereby prevents resulting
erosion which leads to loss in agricultural productivity.
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