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ABSTRACT: The aim of this study is to assess the quantity and quality of biogas produced from single substrate
digestion of food waste and cow dung as well as co-digestion of food waste and cow dung. Laboratory sized 25 litre plastic
biodigesters were used in this study and the digestion processes was carried out for a 30 day retention period. The results
revealed that the cumulative biogas production for the single substrate digestion of cow dung was 7,975 ml, the cumulative
biogas produced for the single substrate digestion of food waste was 7,742.5 ml while the cumulative volume of biogas
produced for the co-digestion of cow dung and food waste was 16,482.5 ml. The results also showed that the total volume
of methane produced for the single substrate digestion of cow dung was 955 ml while the total methane produced for the
single substrate digestion of the food waste was 765. The total production of methane for the co-digestion of cow dung
and food waste was found to be 2,655 ml. This study revealed that though the co-digestion process improved biogas
quantity and quality, the percentage methane present in the biogas very low. There would be a need to stimulate the
digestion and co-digestion process in order to improve the quality of biogas produced.

DOI: https://dx.doi.org/10.4314/jasem.v25i7.26
Copyright: Copyright © 2021 Ojo. This is an open access article distributed under the Creative Commons
Attribution License (CCL), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
Dates: Received: 10 May 2021; Revised: 28 June 2021; Accepted: 01 July 2021
Keywords: Biogas, methane, single, substrate, co-digestion, food waste, cow dung
Biogas is flammable gas which is obtained through the
action of methanogenic bacteria, which work in the
absence of oxygen through a process of Anaerobic
Digestion (AD) (Tambawal, 2004). Biogas is a
renewable energy that can be utilized to meet the ever
energy demands of man, without further deterioration
of the environment (Roopnarain and Adeleke, 2017).
According to Kapdi et al. (2004), ideally, raw biogas
contains about 55-65% methane (CH4) and 30-45%
carbon dioxide (CO2). AD of waste organic substances
(biomass) to biogas is among the few biotechnological
processes that can generate bio-fuel and reduce
environmental pollution (Zhang et al., 2016). Biogas
production by AD is popular for treating
biodegradable wastes because valuable fuel can be
produced while destroying the disease - causing
pathogens and reducing the volume of disposed waste
products (Babatola, 2008). Co- digestion is AD
performed on a mixture of at least two different
substrates (Alvarez and Lidén, 2008; Cuetos et al.,
2011; Ojo, 2017; Ojo et al., 2018; Ojo et al., 2019; Ojo
and Babatola, 2020). Co-digestion is a technology that
is increasingly being applied for simultaneous
treatment of different solid and liquid organic wastes
(Bouallagui et al., 2009). Several authors have worked
on the digestion and co-digestion of wastes towards
biogas production. Gelegenis et al., (2007) optimised
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the biogas production from olive-oil mill waste-water
by co-digesting with diluted poultry-manure. Alvarez
and Lidén, (2008) studied the co-digestion of
slaughterhouse waste as main substrates with manure,
fruit and vegetable waste within a mesophilic semicontinous process. Labatut et al. (2010) and Li et al.
(2002) evaluated the use of food wastes as cosubstrates in the production of biogas and discovered
that the co-digestion of food waste with other waste
was successful in enhancing biogas yields. Li et al.
(2009) worked on the anaerobic co-digestion of
kitchen waste with cattle manure for biogas production
and concluded that the co-digestion process improved
biogas yield. Cow dung contains high concentrations
of pathogens which need to be effectively managed in
order to minimize environmental pollution and public
health risks (Thakur, 2006). In the absence of
appropriate disposal methods, cow dung can cause
diverse environmental and health problems such as
odour, greenhouse gas emission and water
contamination. Food waste is a major constituent of
municipal waste. Restaurants and food processing
industries are the major sources of the food waste.
Food waste is even generated in considerable amount
at the household level. It includes leftover food, dish
wash waste, vegetable cut outs, fruit peels and
deteriorated fruits and vegetables. The food waste is
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considered to have high organic matter and hence it
can be treated anaerobically for biogas production.
Uncontrolled decomposition of food waste can lead to
greenhouse emission and contamination of ground
water as a result of infiltration. Food waste contains
highly degradable substances and low nitrogen
content, co-digestion with substrates of lower
biodegradability and high nitrogen content has been
found to immensely boost both biogas yield and
digester stability (Owamah and Izinyon, 2015). The
aim of this study is to assess the production of biogas
and methane from single substrate digestion of food
waste and cow dung and co-digestion of food waste
and cow dung.

Three digesters were constructed for the purpose of
this study. The cow dung and food waste were digested
individually and collectively through the process of
co-digestion. The content of the digesters is shown in
Table 1
Table 1 Contents of the bio-digester
Digester
Substrate
100 % Cow Dung Waste
Digester 1
100 % Food Waste
Digester 2
50 % Cow Dung + 50 % Food Waste
Digester 3

According to Fekadu (2014) and Ojo and Babatola
(2020), the quantity of water added was determined
using equation 1
Y=

MATERIALS AND METHODS
Materials for the construction of the bio-digester: The
following materials were used for the construction of
the bio-digester:
i.
25 litre keg: this was used to hold the
substrate material to allow for decomposition and
biogas production
ii.
PVC pipes of different diameters: These were
used at various parts of the digester; at the slurry
outlet, slurry inlet and gas holder
iii.
Corks: These were used at openings to ensure
air tight conditions so as to maintain the anaerobic
condition of the bio-digester.
iv.
90o elbows: These were used to ensure
perfect joining of the components.
v.
Control valves: these were used at several
places to control the inlet of air and to ensure that no
air enters into the bio-digester.
vi.
¼ inch rubber hose: Used to collect the gas
produced from the bio-digester to the measuring
cylinder.
Other material used for the experimental set up
includes:
i.
Conical flask: This was used to hold the
calcium hydroxide solution set up to ensure the
removal of carbon (IV) oxide.
ii.
Measuring cylinder: This is used to hold
water used to determine the volume of gas produced.
iii.
Tripod stand: This was used to ensure firm
holding of the measuring cylinder.
iv.
Bowls: This was used to hold water in the
water displacement set-up.
Digestion Substrates: The substrates utilized in this
study are food waste and animal dung. Several types
of food waste were collected from restaurants and
event centres within the Federal University of
Technology, Akure (FUTA). They were mixed
thoroughly until a homogeneous mix was formed.
Cow dung and was collected from the Animal
Production and Health farm of FUTA

mTS−8% X
8%

. …………(1)

Where, mTS is the mass of total solids, X is the mass
of fresh substrate, Y is the mass of water added to get
8% total solids in the digester
Experimental set-up: The volume of biogas and
methane content of the biogas were measured using
water displacement method. The experimental set-up
is shown in Figure 1. The biogas produced from the
digester was passed to the first water displacement
apparatus. The volume of biogas produced was taken
as the volume of water displaced. The biogas was then
passed through Calcium Hydroxide (Ca(OH)2)
solution to remove the Carbon dioxide and other trace
gases present in the biogas. The methane content was
taken as the volume of water displaced in the second
water displacement apparatus.

RESULTS AND DISCUSSIONS
Biogas yield: Figure 2 shows the graph for the daily
biogas yield for the digestion of cow dung, food waste,
and co-digestion of cow dung and food waste. From
the results, it was observed that the highest volume of
biogas produced was 675 ml and this was obtained at
Day 22 for the single substrate digestion of cow dung.
Also, the highest volume of biogas of 450 ml was
produced at Day 24 for the single substrate digestion
of the food waste, while the co-digestion of food waste
and cow dung recorded its highest volume of 1,425ml
at day 15.
Cumulative biogas yield: The total biogas yield for the
30 days retention period was determined for the three
(3) digestions and presented in figure 3 for the single
substrate digestion of cow dung and food waste, and
co-digestion of cow dung and food waste. The results
revealed that the cumulative biogas production for the
single substrate digestion of cow dung was 7975 ml
while the cumulative biogas produced for the single
substrate digestion of food waste was 7742.5 ml. Also,
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the cumulative production of biogas for the codigestion of cow dung and food waste was 16,482.5
ml. The results revealed that the co-digestion of cow
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dung and food waste produced the highest cumulative
volume of biogas.

Fig 1: Experimental set-up
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Fig 2: Daily biogas production for the different substrates
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Fig 3: Cumulative volume of biogas for the different substrates

Volume of Methane yield: Figure 4 shows the graph
for the daily methane yield for the digestion of cow
dung, food waste, and co-digestion of cow dung and
food waste. The results revealed that methane was not
formed until day 14 and that the highest methane
production of 120 ml was at day 24 for the digestion

of cow dung , while it was observed that the methane
was not formed until day15 and the highest methane
produced (115 ml) was at day 24 for the digestion of
the food waste. It was also observed that the formation
of methane was not until day 9 and the highest

OJO, OM

Biogas Quantity and Quality from Digestion and Co-Digestion…..

1292

Volume Of Methane (ml)

production of methane of 280 ml was observed at day
24 for the co-digestion of cow dung and food waste.
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Fig 4: Daily methane production for the different substrates

Cumulative Methane yield: The cumulative methane
yield for the 30 days retention period was determined
for the three (3) digestions and presented in figure 5.
The results revealed that the total methane production
for the digestion of cow dung was 955 ml amounting
to 11.97 % of the total volume of biogas produced,
while the total methane produced for the digestion of
the food waste was 765 ml, amounting to 9.88 % of
the total volume of biogas produced. Also, the total
production of methane for the co-digestion of cow
dung and food waste was found to be 2,655 ml,
.

Volume Of Methane (ml)

3000

amounting to 16.11% of the total volume of biogas
produced. These results contradicted the findings of
Kapdi et al. (2004). It was observed that the codigestion of cow dung and food waste produced the
highest volume of methane. However the percentage
of methane present in the biogas produced was very
low. This might be due to the fact that the experiments
were performed naturally under laboratory conditions
and no measures were put in place to influence the
quantity and quality of the biogas produced
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Fig 5: Cumulative methane production for the different substrates

Conclusion: This study asserted that cow dung and
food waste which are often viewed as biodegradable
municipal wastes can be co-digested to produce
biogas. This study further revealed that though the codigestion process improved biogas quantity and
quality, the percentage of methane present in the
biogas very low. There would be a need to stimulate
the digestion and co-digestion process in order to

improve the quality of biogas produced and maximize
the potential of these wastes to serve as sources of
renewable energy.
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