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Abstract

Globally, there is need for the proper utilization of animal waste products (such as cow dung, poultry
waste and so on), which can be used as an alternative source of energy. Herein, the effects of poultry
waste as an additive in the production of biogas using substrate (cow dung and poultry waste) and
pH value were investigated. The substrate (cow dung and poultry waste) was prepared via simple dry
method. Different set up (1, 2, 3,4 and 5) were designed using local materials (based on the floating
drum plant type of digester). The gas produced through an anaerobic digestion method of the different
set ups were recorded daily at a fixed time (14 hr) for the periods of 10 days. Set up 2 produced the
highest volume of gas (89 cm3), a ~2, ~1.1, ~1.4 and ~1.6 -folds enhancement compared with set up
1, 3, 4 and 5, respectively. It observed that the gas produced decrease with an increase of the poultry
waste, indicating that poultry waste played significant role in boosting the production of the gas. The
pH of the digester and temperature were kept within pH optimum range of 6.5-8.0 and mesophilic
temperature range 20-40 °C, respectively. Thus, the substrate developed (2:1 ratio) was economical,
non-hazardous and environmentally friendly.
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INTRODUCTION

The continuous growth and scarcity of energy is among the factors hampering the industrial
growth and economic progress of Nigeria. However, with all fossil resources, the quantity of
oil is limited and will not last forever (Ogunwande et al., 2013). This leaves renewable
energies showing the biggest potential for securing the availability of energy in the future.
The main challenge of the present world is to harness the energy source which is
environment friendly and ecologically balanced. This need has forced the world to search
for the other alternate source of energy. But unfortunately the new alternative energy
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sources like the solar, hydro, wind etc. require huge economic investment and technical
power to operate, which seem to be very difficult for the developing countries like Nigeria
(Ahmadu, 2009). Biogas systems are highly friendly to the environment. In fact, the
contribution of a methane molecule (CHs) to the greenhouse effect is 21 times greater than
that of a carbon dioxide molecule. Therefore, burning methane, even though producing CO,,
reduces its impact on the environment. The digested slurry coming out of the plant is used
for organic fertilizer production. Besides, Bio-digesters can be used to treat municipal waste
and survival of intestinal parasites. The prospect of this technology is bright in developing
countries like Nigeria. This is because Nigeria is an energy resource rich country in terms of
both fossil fuels (such as crude oil, natural gas, coal), and renewable energy resources like
solar, wind and biomass (Mshandete and Parawira, 2009). Iwayemi, 2008, express that the
Nigerian energy industry on a global scale, is probably one of the most inefficient in meeting
the needs of its customers. Energy generation from animal waste will not only provide an
alternative and renewable energy, but will help clean up and provide healthy environment
(Karki et al, 2005). Poultry waste, cow dung and other waste have been used for biogas
production, also a Co-digestion of chicken droppings and cow dung had been reported
(Nnabuchi, et. al 2012) but the efficiency of the gas production is low.

Previous studies have reported a minimum amount volume of gas generated, low efficiency
and effects of pH value for efficient production of Biogas (Karki et al, 2005, Nnabuchi, et. al
2012 and Alfa et. al 2014). Herein, we reported the effect of poultry waste as an additive to
cow dung and pH value for efficient biogas generations using different set ups.

MATERIALS AND METHOD

Materials

The raw materials used in this work are cow dung and poultry waste. Cow dung and
poultry waste were collected from Federal University Dutse farm. The samples were dried
and grounded into powder separately known as substrate. The substrate was weight using a
digital weighing balance. The fixed drum plant type was used for this study, also 5 litre
gallon was used as the digester while 250 cm® measuring cylinder was used as a gas
collector with a rubber horse pipe to connect the digester to the cylinder. Rubber cork screw
was used to cover the digester top with grease used as seal to avoid leakage.

Method

The method adopted in the preparation of the digesters was based on Ajoy Karki's Biogas
model with little modification (Karki, 2002). 40 g of cow dung (substrate) only without
poultry waste was mixed with water (a ratio of 1:3) in a beaker using a stirrer known as
slurry. The slurry prepared was fed to the digester and the biogas production was observed.
Each day before starting the experiment, the digester will be stirred The temperature, pH
value, and the volume of gas produced were recorded at fixed time (14 hrs daily) for 10
days. This set up is labelled as set-up 1. A similar trend was adopted for the set-up 2 (40 g
cow dung and 20 g poultry waste), set-up 3 (40 g cow dung and 40 g poultry waste), set-up 4
(40 g cow dung and 60 g poultry waste) and set-up 5 (40 g cow dung and 80 g poultry
waste). The gas produced was noticed by the down displacement of the water as shown in
Figure 1.
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Figure 1 Experimental set up

Determination of Moisture Content (MC)

The amount of water present in solid waste as percentage wet or dry weight was obtained
according to (Hassan, 2015).

% MC (dry wt) = == x 100 (1)
where,

a = initial weight of sample as measured

b = weight of sample after drying

a - b = weight of moisture content

RESULTS AND DISCUSSION
Gas produced

100

) D =]
o o o
1 1 1

Gas produced (cm3)

N
o
1

04
1 2 3 4 5
Number of set up

Figure 2. Volume of gas generated for ten days per set up

The cumulative volume of gas generated in different set ups were plotted as shown in
Figure 2. The maximum gas produced was observed with the set-up 2. The peak gas
produced through anaerobic digestion (AD) is 89 cm? a ~2, ~1.1, ~1.4 and ~1.6 - times
higher than that of set up 1, 3, 4 and 5, respectively. The volume of gas produced in the
present study is significantly higher than already reported in the literature. Thus, poultry
waste played a vital role in enhancing the production of biogas. This significant
improvement can be attributed to the addition of the poultry waste (Nnabuchi, et. al 2012).
This result is in agreement with already reported results by Alfa et. al 2014. Therefore, based
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on this result, it shows that for the mixed substrate (cow dung + poultry waste), the gas
generation decreases with the increase of the additive substrate.
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Figure 3 graph of pH against number of days.

One of important parameter in the anaerobic digestion process that must be observed is pH
value. Rahman and Muyeed (2010) reported that the desirable pH range for an AD process
is 6.5-8.0. Base on the results obtained, the pH values of the entire samples range from 7.1 to
7.7 throughout the production period. As depicted in Figure 3, the result revealed the pH
ranges of 7.1-7.6, 7.2-8.0, 7.5-7.7 and 7.0-7.5 for set-up 2, set-up 3, set-up 4 and set-up 5,
respectively. Although set up 1 exhibit low activity in the pH range of 7.1- 9.5 and this
unusual range can be arising as a result of internal aerobic activity that is taking place in the
absence of the poultry waste. According to (Fasoyin, 2019) a good pH is very crucial for the
survival of bacteria which help in enabling the biogas production. Therefore, the range of
pH in this study is the desirable pH range for AD process which falls within the acceptable
range for anaerobic digestion as reported by Abubakar and Ismail, 2012.
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Figure 4 represents the average temperature per set up.
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Operating temperature is also a vital factor which determines the performance of the AD
because it is an important condition for the survival and optimum flourishing of the
microbial associates. Bacteria have two optimum range of temperature termed as
mesophilic and thermophic temperature optimum. Anaerobic digesters have very good
output efficiency while operated in the temperature range of 25 - 40 °C. As shown in Figure
4, the ambient temperature ranges from 26 °C to 29 °C was maintained throughout the
experiment. According to Figure 4, all the setups were operated in the mesophilic
temperature ranges.

CONCLUSION

In this study the local, simple, applicable and affordable method of generating Biogas has
been explored. Among 5 different set —~ups, a maximum gas produced from the mixture of
cow dung plus poultry waste was achieved with set-up 2. The cumulative gas yielded from
the mixture of cow dung plus poultry waste is 89 cm3, a ~2, ~1.1, ~1.4 and ~1.6 -fold
enhancement compared with set up 1, 3, 4 and 5, respectively. Therefore, 2:1 ratio was the
optimum combination that produced the highest volume of Biogas. The optimum condition
for higher efficiency has been achieved with pH values and temperature of 7.1-7.6 and 26°C-
29°C, respectively. Thus, co-digestion of cow dung and poultry waste is a prime way of
resolving the issue of inadequate feedstock for biogas production in Nigeria. It can be
concluded that the percentage composition of Cow dung should be double than that of
poultry waste when combining them for better biogas production.
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